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Foreword
Deborah Marrow, Director, The Getty Foundation 
Antoine Wilmering, Senior Program Officer, The Getty Foundation

For more than thirty years, the Getty Foundation 
has fulfilled the philanthropic mission of the J. Paul 
Getty Trust by supporting projects that advance 
the understanding and preservation of the visual 
arts in Los Angeles and throughout the world. The 
Getty has had the distinct pleasure of working in 
partnership with many Italian institutions; most 
notably in the field of art conservation with the 
Opificio delle Pietre Dure (OPD) in Florence. Our 
two organizations share basic values related to 
heritage preservation, among them an emphasis on 
careful planning and research before intervention 
and a commitment to training future generations 
to keep the field of art conservation strong for years 
to come. We have had the opportunity to manifest 
these values on various projects over the years, 
especially through the Foundation’s Panel Paintings 
Initiative that was launched in 2009 to train a new 
generation of conservators for old master paintings 
on wooden panels before the current experts retire.

The structural care and conservation of 
panel paintings has been a concern of the Getty 
for over two decades. In 1995 colleagues at the 
Getty Conservation Institute and the J. Paul 
Getty Museum organized a symposium dedicated 
to panel painting conservation, followed by a 
second one joined by the Foundation in 2009. The 
symposia signaled the importance of this field of 
conservation, and pointed to an imminent skills 
gap due to the pending retirement of many senior 
specialists and the lack of a younger generation 
entering the field. We were keenly aware that 
specialists at the OPD had been conserving panel 
paintings for over three decades and had generated 
an impressive list of publications detailing 
treatment challenges and the development of 
novel conservation strategies and techniques. 
As part of this work, the OPD had also been 
training conservators where they could. The OPD 
has drawn on this expertise to join the Getty 
Foundation as an ideal and respected partner, 

with Soprintendente Marco Ciatti serving as a key 
advisor to the Panel Paintings Initiative.

In 2010, the Getty Foundation awarded an 
initial Panel Paintings grant to the OPD to conserve 
Giorgio Vasari’s monumental altarpiece The 
Last Supper (1546) and, in the process, train a team 
of international conservators at all levels. Vasari’s 
painting was one of the most damaged artworks to 
survive the historic 1966 Florence flood, and literally 
sat in pieces for over four decades until conservators 
felt they had sufficient technical skills to attempt an 
intervention. After intensive study and treatment, 
the OPD team reunited the once-separated panels 
for the first time in nearly fifty years, returned the 
restored painting to the Florentine public on the 
50th anniversary of the flood in November 2016, 
and trained numerous conservators who are now in 
a better position to implement complex treatments 
on their own. 

In 2013, the Getty Foundation awarded 
another major grant to the OPD for training 
and treatment related to four major paintings by 
Leonardo da Vinci, Simone Martini, Fra Angelico, 
and Alessandro Allori, as well as the translation 
from Italian into English of some twenty critically 
important texts in the structural conservation 
of painting on wood. Through the hard work of 
Cecilia Frosinini, with the support of Adele Leccia 
and Cristiana Massari, the translation by Helen 
Spande and Diane Kunzelman and publisher 
Edifir, it is with tremendous pride that we see the 
fruits of their dedication to the field in the form of 
this handsomely produced publication. It will, no 
doubt, become the next standard work for the field. 
The OPD has made a lasting impact on the field 
with Structural Conservation of Panel Paintings at 
the Opificio delle Pietre Dure in Florence: Method, 
Theory, and Practice, and with the training it has 
facilitated for a number of conservators at various 
stages in their careers. We congratulate our 
colleagues on this remarkable achievement. 
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Introduction
Marco Ciatti

The production of panel paintings has been 
especially significant in Italy and particularly in 
Tuscany, where painting on this kind of support 
continued for a good portion of the Cinquecento, 
unlike what is found in other regions. In Tuscany, 
the large quantity of panel paintings, their 
extensive distribution across the territory, and 
the long history of a preservation culture has 
produced a tradition of restoration treatment 
practices on these supports and has allowed 
for the accumulation of deep experience in this 
area. I have had the opportunity to consider the 
formation and the development of a “Florentine 
school” of restoration beginning from the 
Renaissance onwards and documented in the 
writings of Giorgio Vasari, Filippo Baldinucci, 
Giovan Domenico Bottari, Ramirez di Montalvo, 
Ulisse Forni, and in the twentieth century by 
Ugo Procacci and Umberto Baldini, on several 
previous occasions. As for the supports of panel 
paintings, a tradition of prudent maintenance 
treatments, as seen for the paintings of the Grand 
Ducal gallery, is not so visible and what is found 
in this context, as for old ecclesiastical properties, 
is a certain nonchalance that appears for example 
in the noted practices of stylistic revision of 
Gothic polyptychs, recorded in the history of 
restoration as the “squaring-up” or riquadratura of 
polyptychs, accomplished in order to adapt those 
paintings to the changing artistic climate and the 
return to forms derived from the classical orders 
of architecture. Let us not forget that up until the 
new kind of Counter-Reformation altar that was 
defined in Florence by Vasari, panel paintings were 
micro-architectures and, therefore, either in their 
Gothic or Renaissance dress, the structure would 
have had its own construction and static logic. 
Another typical example of “historic” treatments 
of wood panels is seen in altering the dimensions 
of paintings, due to either concrete requirements 

of the spaces connected to a change in location, 
or changes tied to the iconographic content of 
the painting. Recently, an incredible example of 
enlarging a panel and a new arrangement of the 
individual constituent figures is provided by a 
Crucifixion attributed to Alessandro Allori, today in 
the storage of the Soprintendenza and of unknown 
early provenance. In the course of the nineteenth 
century, new methods coming from France, that of 
flattening and attaching cradles, were introduced 
by the Lorenese carpenter Pietro Rombergh, 
responsible for the treatments in the first decade 
of the century on the Madonna of the Long Neck of 
Parmigianino and the Madonna del Baldacchino 
of Raphael. And from here, it is possible to trace a 
path that is quite rich in documented treatments, 
beginning with the guidelines expressed by Ulisse 
Forni, restorer at the public Florentine galleries 
in his Manuale of 1866, up to the foundation on 
the part of Ugo Procacci of the Gabinetto Restauri 
in 1932. Again for this particular category of 
treatment, the disastrous flood of 1966 signals a 
turning point for various reasons. The enormity of 
the damage suffered forced everyone to question 
their own technical habits and find innovative 
answers. The Italian scientific world hastened to 
the rescue and since then there has been a close 
and constant collaboration with specialists such 
as Guglielmo Giordano, the leading Italian wood 
technology expert of that time. In addition, the 
generous international aid for Florence brought 
together restorers from many countries at the 
Fortezza, each with his or her own experiences and 
treatment techniques, including for wood panels. 
The great merit of the Florentine restorers was 
gathering the best of what each foreign colleague 
offered and fusing it with their own traditions, 
based on meticulous and adept hand skills. The 
carpenters of the Fortezza became, with specialists 
like Renzo Turchi and Gianni Marussich, the 
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energetic center of quite an intense, often frenetic, 
activity that followed some predefined guidelines. 
The treatments were based on repairing cracks 
and separated joins by means of V-channels into 
which were inserted short wedges of the same 
kind of wood with the grain running parallel, 
and on the application of curved crossbars that 
follow the shape of the panel with a trapezoidal 
cross-section, inserted into tracks formed from 
two parallel series of elements called nottole or 
cleats. This method sought to allow movements 
of the panel in plane with its phases of dilation 
and contraction, and left the degree of flexibility 
up to the crossbar, which was determined by the 
choice of wood and thickness, and the eventual 
tendency of the support to warp. In order to limit 
the exchange of humidity with the environment 
and confer greater stability to the panel, where 
possible a layer of nearly cold wax was applied 
to the back with a spatula, so as to form a surface 
coating that did not impregnate the wood. 
Elsewhere, I have gone into the virtues and defects 
of this technical practice which was though, based 
on extensive experience and remarkable finesse. 
On this occasion it seems useful to underscore 
how beginning in the mid-eighties, one of the 
members of the group of restorers for the panels, 
Ciro Castelli, became central to introducing a 
broad series of innovations and refinements that 
radically changed the former habits and laid the 
foundation for the modern direction of this field. 
In this volume we have tried to collect some of the 
texts about the restoration treatments carried out 
by Ciro Castelli along with colleagues Mauro Parri 
and Andrea Santacesaria which, thanks to the 
Getty Foundation’s Panel Paintings Initiative, can 
thus be better known in the international arena. 
We don’t appreciate how in the conservation 
world, especially among more senior restorers, 
the language barrier makes a genuine exchange 
of experience difficult with foreign colleagues, 
though it can be very valuable for both parties. 
The modernity of the treatment practices of many 
foreign colleagues with their positive relationship 
to the scientific world could draw added benefit 
from the sensitivity, the many experiences, and 
the procedural refinements of the treatments 
illustrated here.

Very briefly, the activity that is portrayed here 
in this volume has used some guiding principles 
that are good to highlight beyond their relevance 
to a particular treatment. First of all, there has 
been a continual development of knowledge on 

the traditional methods of constructing panel 
paintings, and the functioning of these structures, 
activities that have brought to light real discoveries. 
Among which, for example, we note the diversity 
of supports of the twelfth century with respect 
to the paintings of later centuries, both in terms 
of wood species and assembly methods, and the 
various attempts at creating crossbars with new 
systems of attachment to the panel (in contrast to 
medieval nailing), which was put into play in the 
era of experimentalism of the Quattrocento. The 
system of floating iron latches, found in various 
paintings and with some more or less sophisticated 
variations, had never been noted before, just as 
the turn toward the so-called system of “little 
bridges” (ponticelli) in its two different forms, 
Sienese and Florentine, had not been shown. A 
greater awareness of all of the original construction 
characteristics is then linked to a greater respect for 
them, at least as long as these are not the proven 
causes of damage to the painting, with a constant 
effort to progressively reduce the invasiveness of 
our treatments, often inventing technical solutions 
designed for each single painting, and often 
improving the functionality of the old structure. 
Greater attention is paid to the needs of each specific 
case, avoiding unfortunate automatic routines. The 
most significant procedural change, in my opinion, 
consists in establishing a comprehensive plan for all 
the phases of the restoration of a painting conceived 
as a whole and marked by a necessary balance of 
approach. Within this is the essential connection 
between the active restoration treatment phase 
and that of preventive conservation, connected by 
the circumstances of its display and the lifestyle of 
the painting after treatment. In fact, if we intend 
on solving all the preservation problems of very 
deteriorated paintings only in the restoration 
phase, this can then only be very invasive, but if 
we look for solutions that unite the restoration 
practices with that of preventive conservation, 
then the level of invasiveness is lower. It should also 
be stated with the greatest clarity that while valid 
contemporary tendencies to consider the reduction 
of invasiveness a positive value, the risk is that 
“minimal intervention” becomes an empty refrain, 
used to justify what is, in substance, an inability to 
act. Thus the degree of invasiveness of a restoration 
procedure can be evaluated only in relation to its 
capacity to deliver the results that are defined in the 
planning phase, otherwise a term of comparison 
is lacking to judge if the restoration has had a 
greater or lesser invasiveness. In the case where the 
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proposed goals are not reached, we can assert that 
even a “minimal intervention” is too much, given 
that it has not brought about a positive result.

Within this selection of texts produced in 
the last thirty years, it is useful to remember that 
though perhaps not particularly well-known at the 
time, the particular significance each treatment 
has assumed in the modern history of panel paint-
ing restoration is that it forms part of the devel-
opment of this technical research and practice, a 
value that sometimes has emerged in its full im-
portance only later.

Part of this history could begin with the treat-
ment on the support of a painting damaged in the 
flood of 1966 by Giovanni del Biondo, a triptych 
depicting San Giovanni Gualberto and four stories 
from his life, from the Museum of Santa Croce. 
The excellent construction technique, both of the 
support and the layers of the ground-paint com-
plex, with the latter having the double protection 
of canvas and parchment glued onto the panel, 
had meant that the painting could withstand the 
onslaught of the flood much better than the six-
teenth-century panels from the same collection. 
It was moreover decided, from a structural point 
of view, to carefully review the adhesion between 
the paint and ground layers and the support and 
to give the triptych new crossbars, as the old ones 
had been removed during its stay in the environ-
mentally-controlled storage of the Boboli Gardens 
Limonaia where the flood damaged panels were 
slowly dried over a period of almost two years, 
free from rigid constraints as then the nailed-on 
crossbars were thought to be. This meant, there-
fore, planning and applying new crossbars and the 
search began to surpass the performance offered by 
the models then in vogue, based on lengths with a 
trapezoidal section held in a track made from pairs 
of nottole screwed to the panel. The goals we had in 
mind were to reduce the invasiveness of so many 
attachments and to be able to have a restraint that 
could be adjusted over time and respond flexibly 
to the tendency of the planks to warp. An early at-
tempt in this sense saw the use of single anchorage 
points in which threaded bolts were inserted with 
their heads held to the upper surface with a metal 
washer inserted into the crossbar. A further devel-
opment made in 1985 consisted in inserting in ad-
dition to the washer, a steel leaf spring with a force 
regulated according to the behavior of the panel 
in relation to the microclimate of the preservation 
environment. This was one of the first attempts, 
from a theoretical point of view, to envision the 

restoration as an open process, in which it is pos-
sible to intervene over time, thereby establishing 
the first link between the restoration phase and 
that of maintenance, and beginning a relationship 
with preventive conservation to be implemented 
with the return of the painting to its installation 
location. This treatment set off research on sys-
tems of connecting crossbar and panel based on 
adjustable springs, seeking to improve the techni-
cal solutions gradually, making them more durable 
and less invasive. One of the next steps was a brass 
track with a Teflon channel (or analogous slippery 
synthetic material) in which was inserted a dowel 
that passed through the crossbar inside of a little 
cylinder, also made of brass, which contained a 
spring, regulated by a simple nut on the outside 
surface. This was a very complicated system, but 
effective and aesthetically not disturbing as it was 
entirely hidden from view. The actual invasiveness 
though was not negligible, as the track was held to 
the panel with screws. Various modifications and 
adjustments made over the years have brought us 
to the system now in use, and that is small round 
wood pieces with a flared base that are attached 
with a dot of glue to the panel. These house the 
head of a floating rod that connects to a tapered 
spring housed in a recess in the crossbar, equally 
hidden from public view.

For the major Sienese exhibition on Domenico 
Beccafumi in 1990, the OPD was charged with 
some restorations, and two of these brought 
about converging conclusions on the possibility in 
some cases of substituting crossbars with a fitted, 
supporting strainer or framework. The first case 
was the Coronation of the Virgin from the church 
of Santo Spirito, a painting made by enlarging an 
already existing support with a half-lap addition, 
quite damaged by wood-boring beetle attack, 
and violently restored with crude crossbars held 
with cleats. The second case, instead, concerned a 
rather rare art form, but one well-known in Siena, 
and that is the two panels at the ends of a cataletto, 
a sort of bier for transporting the deceased in use 
by religious confraternities. These were originally 
made with a panel painted on both sides and they 
were given rich frames and carved decorations. 
Our cataletto, coming from the Arciconfraternita 
della Misericordia has been over the centuries 
deprived of all of its other parts, frames included 
and the two panels had been sawn through their 
thickness so as to obtain four paintings. To make 
matters worse, to reinforce the weakened support, 
they had been glued to wooden backings with 
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the grain running perpendicularly. For varying 
reasons, all deriving from the intrinsic fragility 
of the original panel, in both cases it was found 
to be inappropriate if not actually impossible to 
apply crossbars whose weight would burden such 
weak panels. The solution was to create a strong 
framework with strips of wood, curving to fit the 
deformation of the old panels after restoration, 
connected to them by means of the aforementioned 
spring system. This is a reversal of the traditional 
structural logic: the load-bearing structure is no 
longer the panel itself but the backing framework 
which is given little feet that bear the weight at 
the bottom, also freeing the original panel from 
its mechanical function. This system has been 
largely used with panels that have been thinned 
in previous treatments involving flattening and 
attaching cradles and also carry out the positive 
function of reinforcing the painting along the 
margins which are vulnerable when the painting 
is moved. There are many such examples that can 
be cited among which Giovanni Bellini’s Madonna 
of Alzano (Bergamo, Accademia Carrara), 
Ludovico Mazzolino’s Madonna Enthroned with 
Saints (Cremona, Museo Civico “Ala Ponzone”), 
Giorgione’s Three Ages of Man (Florence, Palatine 
Gallery), and Niccolò di Pietro Gerini’s large panel 
of the Deposition in the Tomb and the Ascension 
of Christ (Florence, Church of San Carlo). These 
illustrate well how the system can be adapted 
with a some variations to paintings of every type 
and format. This solution, allowing for a better 
distribution of weight, proved particularly useful 
in the case of panels made with horizontally-
oriented planks in which there is cumulative 
pressure on the lower planks, as in the Polyptych 
of the Intercession of Gentile da Fabriano from the 
church of San Niccolò in Florence. The research 
carried out in those years with the department of 
preventive conservation and the environment of 
the same Opificio increased our focus on the need 
to limit the exchange of humidity between the 
panel and the environment and thus stabilize the 
behavior of the panel. Beyond the experimentation 
carried out on various types of vitrines, excellent 
results were obtained from prototypes in which 
the empty areas of the backing framework were 
filled with loose strips of wood, so as to increase 
the mass and protect the back of the panel. This 
last innovation became a practice of the laboratory 
from the beginning of the 1990s.

In 1989, the complex treatment of the Corona-
tion of the Virgin by Botticelli from the Uffizi was 

concluded. In the past, the problematic painting 
had been restored repeatedly for continual lift-
ing of paint that appeared so intractable that it 
remained flat in storage for more than seventy 
years. Examination showed that the problem was 
substantially due to a defect in its execution tech-
nique. The various coatings of gesso and glue of the 
preparation had not been applied adequately and 
with the slightest, normal movements of the panel, 
there was an internal separation between those 
layers that immediately translated into flaking of 
the paint. Given that this was a defect intrinsic to 
the painting there had also been those who sug-
gested that the only solution was the radical task of 
transferring the paint. Sticking instead to the inte-
gral preservation of all of the component materials 
of the painting brought us to an important inno-
vation that turned out to be very useful in other 
treatments like some of the flooded panels that had 
an analogous problem of a weakened ground. We 
sought to execute the best possible consolidation, 
using heat and vacuum pressure to ensure penetra-
tion and evenness, but we stopped trying to solve 
the whole problem just in this restoration phase, 
trusting in part to prevention. The frame of the 
large panel was built up with a thick wood box and 
a backing panel; the volume of air thus obtained 
was stabilized by means of conditioned silica gel. 
The space was sealed as well as possible with neo-
prene along the rebate between the painting and 
the frame. The enclosure was equipped with a de-
tector for monitoring the relative humidity of the 
interior. The painting returned to the Uffizi Gallery 
at the beginning of 1990 and since then, this prob-
lematic painting has not shown any paint lifting. 
The success of this experience pushed us to both 
perfect this technique of enclosing the back and 
controlling the exchange of relative humidity be-
tween the panel and the environment, and to un-
derscore always the centrality of this practice that 
bases the preservation of a work of art on an overall 
planning vision in which the three instruments at 
our disposal must find their places in a synergistic 
and natural way, that is restoration, preventive con-
servation, and maintenance. In order to appreciate 
the full import of this technique, it should be taken 
into consideration that in Italy the overwhelm-
ing majority of places where early panel paintings 
are located do not have climate control systems 
and therefore the paintings are exposed to con-
tinual fluctuations in relative humidity with all of 
their clear negative consequences. One very posi-
tive consequence of this approach consists in the 
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clear reduction of the invasiveness of restoration 
which is no longer called on to resolve by itself all 
the problems of a painting but is part of a studied 
interaction between action and prevention. There 
are also numerous cases of the further application 
of this method from the Lamentation of Christ by 
Ortolano in the Galleria di Capodimonte of Na-
ples, returned in 1993, to the large, flood-damaged 
panels of the Museum of Santa Croce of the De-
scent of Christ into Limbo by Agnolo Bronzino and 
the Deposition from the Cross by Francesco Salviati, 
presented in 2006. In these last two cases, as with 
the large Last Supper by Giorgio Vasari, it was pos-
sible to preserve all the original materials, avoiding 
transferring the paint layer, or other more refined 
techniques of internal restructuring of a painting 
on a flood-damaged panel.

The numerous texts offered here may help show 
the breadth of experience acquired and the flexible 
practice in adapting the techniques to the features 
of each specific case, with a constant search for im-
provement in the effectiveness of the treatment and 
respect for the work of art. Into this context, the in-
volvement of the Getty Foundation has arrived, with 
the successful inclusion of the Opificio delle Pietre 
Dure in the Panel Paintings Initiative and of its cur-
rent Soprintendente within the advisory board of 
the project. The contribution of the Getty Founda-
tion has been decisive in making possible, in terms 
of human and financial resources, the first and fun-
damental part of the restoration of Giorgio Vasari’s 

Last Supper dedicated to structural reinforcement, 
working contemporarily on the re-adhesion of the 
paint and ground layers and on the structure of the 
wood panel. This subject was chosen as a project of 
excellence and around this in-house restorers, ex-
ternal former students of the Opificio, and fellows 
of the Panel Paintings Initiative who come from 
various international laboratories have converged. 
In a second phase of the Initiative other paintings 
have replaced the Vasari as the treatment subject, 
but this painting, whose rebirth after the damage 
of the flood and the near certain impossibility of it 
being recovered have truly represented for many 
of us the fulfillment of a dream. It has maintained 
a value and a significance of unparalleled level and 
this aspect has been received very well, beyond the 
complex technical problems, both by the Florentine 
public, and the international media. In addition to 
the concrete results brought about by the Panel 
Paintings Initiative the major importance that this 
initiative of the Getty Foundation has had for the 
personnel of this laboratory should be emphasized, 
beginning with Ciro Castelli, Mauro Parri, and An-
drea Santacesaria, who have been able to interact 
with colleagues from the entire world, directly see-
ing different techniques and sharing different ap-
proaches from those in our tradition, thus enrich-
ing in an incomparable way their mental repertoire 
of possible solutions to the problems of a work of 
art, immediately producing new and interesting re-
sults.
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Historical context for the development
of altarpiece types: Some notes

Cecilia Frosinini

The art historical study of the altarpiece as a func-
tional category has recently seen incredible prog-
ress. From the remote, but in a certain way still 
interesting contribution of Jacob Burckhardt of 
1898,1 to the very important catalogues of Sand-
berg Vavalà2 and of Garrison3—respectively of 
1929 and of 1949—and Hager’s even now not du-
plicated attempt at a historical panorama from 
1962,4 research in recent years has moved to con-
centrate in an ever more thorough and specialized 
way on liturgical standards,5 iconographic choic-
es,6 details of the commissions,7 location prob-
lems,8 connections between the carpentry and 
architecture of the surroundings,9 social analysis 
of the craftsmen,10 and to considering the classifi-
cation of specific structural forms.11

All of these different approaches to the material 
evidently have different purposes—analyzing the 
means through which the appearance is created, 
or the purposes to which this continues to evolve. 
But only if the complex history of the altarpiece 
is examined from each of these different points of 
view can we clarify its function. Therefore, at the 
beginning of each and every study that has as its 
subject an artistic creation as a functional category 
(as the “altarpiece” is in a specific way, as seen even 
by its very name), it is ever more indispensible to 
ask H. W. Janson’s provocative question, “Form 
follows function – or does it?”12

The origins of the altarpiece
Retracing the evolution of altarpiece forms is 

necessarily dependent on a careful examination 
of liturgical regulations. Especially for the early 

centuries, the few surviving paintings, their 
dispersion, and their transformation allows for 
only a fragmentary and episodic view. It is perhaps 
surprising, but just for this reason essential to note 
the fact that at least for the first ten centuries of the 
history of Christianity no religious image appears 
to have been considered necessary, nor much less 
a compulsory element of the furnishings of the 
altar.13 This simple observation can perhaps help 
us understand and in part explains the absence 
of altarpieces painted in the first centuries of 
the history of Western art. Since, and a basic 
clarification in this regard is again indispensible, it 
should be repeated that the Byzantine icons present 
in great number in the Christian West were never 
intended as functional objects for the celebration of 
the Mass, but always and only had a role in private 
devotions, even though situated in public locations. 
In Eastern Orthodox Christianity this, moreover, 
was and in part continues to be the role that the 
very existence of the iconostasis gives to sacred 
images by means of the separation between clergy 
and congregation and of the consequent invisibility 
of the liturgical celebration. To this is added the fact 
that in the West, for some centuries, there was a 
habit (beyond this it is hard to say, there not being 
precise rules concerning it) of celebrating the Mass 
versus populum a fact that certainly excluded the 
possibility of raising images on top of the altar.

At least beginning in the fifth century it seems 
clear that every church should have had a fixed altar at 
the center of the holy space and that it should contain 
relics. But only at the beginning of the Fourth Lateran 
Council in 1215 do we begin to find canonical laws 

This text was originally published in Italian as:
Cecilia Frosinini, “Il contesto storico nell’evoluzione tipologica della pala d’altare: alcune note,” in Dipinti su tavola: La tecnica e la 
conservazione dei supporti, pp. 29–36. Edifir, Florence, 1999. Translated by Helen Spande.
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a. The celebration versus populum especially 
favored the emergence and the development of 
the antependium,15 first in precious materials, 
and later painted panels for which the frame 
and relief elements imitated “noble” materials. 
Naturally, the location under the altar table is 
reflected in their shape and structure.

b. The appearance of monumentally-sized sacred 
images on panel predating the precise codi-
fication of liturgical standards but that were 

for altars, Masses, and celebratory procedures; until 
then only in the De Missarum Misteriis of Cardinal 
Lotario Conti (the future pope named Innocent III) 
do we find the habit of furnishing the altar with a 
cross and two candles cited as already existing in 
the Roman church, which after the Council, was 
established as a rule: “Numquam celebret sacerdos 
nisi cruce ante se positu.”14 At this point, many of the 
possible correlations between liturgy, sacred images, 
and altarpieces are already evident:

1. Giotto, Confirmation of the Stigmata, Basilica of San Francesco, Assisi.
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permanently on the altars. First Les instructions de 
Guillaume Durand and then the Council of Trier 
established that “in unaquaque ecclesia ante vel 
supra quolibet altar sit ymago vel sculptura seu 
pictura vel scriptura expresse designans et cuilibet 
intuenti manifestans in cui sancti nomen et hon-
orem sit ipsum altare constructum.”

Only sixty years after the date of the opening of 
the Fourth Lateran Council, in 1271, we find two 
examples epigraphically documented that demon-
strate the formal and functional evolution of these 
objects: from antependia to real altarpieces. These 
are the dossal of Meliore at the Uffizi and the Dee-
sis from the church of San Silvestro of Pisa.

At the same time, another factor increased 
altarpiece production: the multiplication of altars 
themselves within churches. There were many 
factors that led to this numerical increase, from the 
establishment of the religious mendicant orders 
that promoted the participation of the laity in the 
liturgical functions and Marian worship; to the 
encouragement offered to the emerging bourgeois 
society to securing divine forgiveness through 
the establishment of altars and the celebration of 
Masses for indulgences. Even judgments like that 
of the German Sinod of 1261 (“Altaria superflua 
per ecclesias parochiales omnino tollantur . . . 
ad plus tria sufficiant”)20 are a manifestation of 
the increase, seen as excessive, of the number of 
altars in churches. Thus began the unstoppable 
shift toward the proliferation of altarpieces that 
were increasingly complex and vertical, with the 
subsequent creation of more rows of images to 
fill up expanded architectural spaces but also to 
underscore hierarchies between altarpieces within 
the same church or between churches belonging 
to the same religious order.

The progression toward a Renaissance structure
In fourteenth-century polyptych structure, 

the division into compartments emphasized the 
isolation of each figure, represented according to 
a precise hierarchical scale, also often supported 
by proportional relationships between the dimen-
sions of the individual figures. The need for the 
characters to interact is accommodated by degree 
even before the adoption of the altarpiece with a 
unified scene. In the fourth decade of the fifteenth 
century, in fact, research has identified the appear-
ance of the category of the unified pala as an altar 
furnishing based on a document of 1434 record-
ing the plan for furnishing the church of San Lo-
renzo in Florence, in which for the first time there 

probably not directly connected to either the 
altar or the liturgical celebration (including the 
great Lucchese, Pisan, and Umbrian painted 
crucifixes of the twelfth century), but only to 
popular devotion; as indeed would suggest the 
renowned portrayal of holy images on an ico-
nostasis left to us by Giotto (Fig. 1).

c. The possible correlation, in the development of 
true and proper altarpieces, with the presence 
of relics.16

At the same time as the provisions of the 
Fourth Lateran Council, a little innovative liturgi-
cal unpredictability could be found all over in the 
Church: in these years the bishop of Paris decreed 
that after the consecration of the host, it ought 
to be elevated to be offered for the adoration of 
the faithful.17 In Italy, Pope Honorius III cited the 
elevation as a then common practice. The liturgi-
cal innovation marks an evolution in the think-
ing about the need to offer a visual element to the 
worship of the faithful.18 This convergent attention 
toward the altar table—and not only toward the 
relics contained under it—this enlarging of the 
verticality of the sacred space can certainly have 
been one of the stimuli for “furnishing” this new 
space of worship.

From this period onward, different canonical 
and liturgical documents appear providing precise 
information about the existence of altarpieces. 
In 1240, the synodalia of the Bishop of Durham 
required that “insuper que altaria et superaltaria 
fuerint consecrata, et, si consacrata sint, crucis 
caractere sigillata.”19 In 1266, in Magdeburg, it 
was established that panel paintings were placed 

2. Andrea Orcagna, Strozzi Altarpiece, Church of Santa Maria 
Novella, Florence.
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longer divided by architectural partitions. As evi-
dence of this first transitional phase, there are a se-
ries of altarpieces in which the internal boundar-
ies imposed by frame elements between elements 
(like the spiral columns and pilasters) have been 
eliminated, but that retain the upper partitioning 
of the arches. Only the corbels remain to support 
the arches, suggesting the original subdivision of 
the internal spaces, though often the hierarchical 
proportions between the Virgin and saints remain. 

is mention of a “tabula quadrata et sine civoriis.”21 
In reality, the transition was not so sudden, nor 
was the shift toward the unification of the picto-
rial surface only emergent in those years. Through 
a slow process that perhaps was underway well 
within the fourteenth-century with the Strozzi 
Altarpiece of Andrea Orcagna (Fig. 2), carpentry 
structures began to develop over several decades 
that attempted to respond to the evolution of taste 
that called for a compositional field that was no 

3. Lorenzo Monaco, Coronation of the Virgin, Gallerie degli Uffizi, Florence.



19

Cecilia Frosinini, Historical context for the development of altarpiece types: Some notes

Studies on the subject must always take into 
account the partial survival of the artistic produc-
tion of the period, and in contrast to what has un-
til now occurred, they benefit from the precious 
historical evidence furnished by the diffusion of a 
“taste” through retardataire Masters. This is how, 
far more than for the big names—even those tied 
to later works—it can be very instructive to con-
sider how just after one year from the cited docu-
ment of San Lorenzo, in 1435, Bicci di Lorenzo, 

This new unified space, beyond allowing for the 
developing the new “genre” of the Sacra Conver-
sazione, lends itself to the depiction of choral nar-
rative themes. The pala of Lorenzo Monaco, from 
the Camaldolese monastery “degli Angeli” (Fig. 3), 
is one of the grandest examples. The angels and 
two tiers of saints attend the coronation of the Vir-
gin which is reserved for the central compartment; 
the relationship is established by the continuity of 
the celestial spheres on which the scene is situated.

4. Bicci di Lorenzo, Polyptych, Church of Sant’Ippolito in Bibbiena, Arezzo.
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a retardataire artist though one of great commer-
cial success, created two works that were worlds 
apart in terms of architectural structure: the great, 
flaming Gothic polyptych of Bibbiena (Fig. 4), and 
the square pala with the Adoration of the Child, 
for the Florentine church of San Giovannino dei 
Cavalieri. It is clear that faced with these kinds 
of cases, it is essential to consider ever more the 
very important role played by the patron: preco-
ciously up-to-date in the case of the Florentine 
painting, and ornate, but still a most traditional 
taste in Bibbiena. This offers valuable evidence for 
the coexistence between aesthetic forms that are 
today perceived as antithetical but absolutely rec-
oncilable, aside from being contemporary, in the 
moment of their appearance.22 Meanwhile, it be-
comes more and more necessary to reexamine the 
too hasty theories on the comprehensive planning 
of a polyptych, that is including the architectural 
part on the part of the painter.23

The emphasis on the “invention” of the tradi-
tional square altarpiece coming from the circle of 
Brunelleschi in Florence is certainly well-placed, 
at least in relation to the requirements correlat-
ing the rationalized architectural spaces and their 
furnishing.24 It remains equally important to avoid 
reducing to a single picture a much more complex 
and variegated reality that sees the development 
of many other types, adaptations to different situ-
ations and functions, and not without the involve-
ment of local traditions. Among these are included, 
for example, the arched Sienese pala destined to fit 
into a niche in a masonry wall. Or the many exam-
ples of polyptychs that retain their Gothic structure 
unaltered, with ogival arches and mixtilinear cus-
pids but built into another squared frame that func-
tions to normalize the contour. The resulting spaces 
above the pinnacles are similarly painted with fig-
ures of prophets or saints, like the polyptych of An-
drea di Giusto a Ripalta (dated 1436). Or the arched 
structure of the Rinieri pala, painted by Francesco 
d’Antonio, probably for the convent of San Girola-
mo dei Gesuati in Siena, today at the Musée du Petit 
Palais of Avignon. Or the altarpieces with a single 
pointed arch, a point of departure toward the ga-
bled entablature of the fully Renaissance altarpieces 
(Bicci di Lorenzo, Coronation of the Virgin, (Fig. 5) 
for San Firenze, now in Santa Trinita, datable based 
on documents between 1431 and 1435;25 or the pala 
of Giovanni dal Ponte, for San Salvatore al Monte, 
inscribed 1434).26

Another very common type in Florence and 
one that paralleled the genesis of the classical 

square pala is that of the supracaelum, a term re-
ferring to a barrel vault projecting from the top 
edge of the pala, decorated with a starry sky. This 
is a Renaissance progression from the cross vault 
often present at the top of late Gothic polyptychs, 
supporting the upper register.27

Alongside the spread of the new taste for 
unified altarpieces was the thriving activity of 
adapting the arched panels and triptychs to this 
new rectangular format with the addition of 
painted wood inserts that normalized the Gothic 
architecture assemblies.28 Neri di Bicci often 
mentions this “squaring up” (riquadrature) in 
the invaluable records of his working practices, 
describing one such instance “the panel which had 
been made traditionally with ciboria and foliage 
as customary in that past time, and I shortened 
and reduced it to today’s style” (. . . la quale tavola 
fu già fatta antìchamente chon civori e fogliami 
sechondo s’usavano a quello anticho tempo, ed 
io la fe’ rachonciare e riducere a l’uso d’ogidì.)29 
The precocious use of squaring up, as seen as 
early as 1428 in a commission by the Captains of 
Orsanmichele with Bicci di Lorenzo30 points to the 
need to reexamine the timeframe for the diffusion 
of the taste for the unified pala. As seen previously, 
the minute analysis of “minor” facts and archive 
documents can probably shed new light on the 
subject in the future.

Completing the examination of the complex 
issues raised by the emergence of the Renaissance 
pala, is in any case the fact that the relationship 
between Brunelleschi and this kind of altarpiece 
ought to probably be reconsidered in less direct 
terms (though this is according to sources and 
codifications that post-date him). Probably, the 
general impulse toward the rationalization of 
spaces, both architectural and painted, is trans-
mitted and assimilated more through the general 
environment rather than through a relationship of 
direct descent. As for Brunelleschi, it is interesting 
to remember that no information exists about the 
altarpiece for the Barbadori Chapel, for the Old 
Sacristy, or for the Pazzi Chapel: here furthermore, 
the altars are detached from the walls—isolated. 
Presumably, the altars of the tribune of the Duomo 
were also originally this way in the arrangement 
established by Brunelleschi.31 There can be differ-
ent reasons, among which that of the inversion 
of the liturgical position of the priest seems quite 
significant, as wished by Brunelleschi and in keep-
ing with his noted interest for the Paleochristian 
world.32 A reception of humanistic tendencies 
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that perhaps tend to exclude the altarpiece there 
we find in the well-noted position of Alberti who 
neither mentions it in De Pictura nor in De re ae-
dificatoria; here instead he inveighs against the 
use of many altars, particularly underscoring the 
tendency in classical times for the placement of 
statues of divinities in temples.

The organization of the woodworker’s craft
There is ample information on the social cir-

cumstances of woodworkers between the four-
teenth and fifteenth centuries due to the excep-
tional survival of archival and historical material 
from the period. Though this kind of worker has 
not yet received as much attention with respect 
to the numerous social studies flourishing around 
the category of the “painter,” we can, in any case, 
indicate some guidelines for further study. Within 
the Florentine republic, organized according to 
a rigid corporate subdivision of work, the wood-

workers were able to enroll in two different guilds, 
that of the legnaioli grossi and that of the maestri 
di pietra e legname for which the distinction most-
ly addressed the different handling of the material: 
the first were occupied with supplying timber; and 
the second with its further processing, be they 
carpenters, carvers, or masters of intarsia. The 
distinction between the two categories of activity 
is perpetuated through the following centuries, so 
much so that traces of it are found in Garzoni’s 
La Piazza universale di tutte le professioni del 
mondo.33 And from this text, which despite the 
intervening centuries reflects a very traditional 
and artisanal continuity of the craft, such that one 
can find the most mentions of the tools and the 
practices “of the ingenious art of wood working” 
along with some curiosities like the belief that “it 
has its origins in the perfidy of Cain. . . so that . . . 
woodworkers, since antiquity .  .  . [were thought 
to be] despicable and cowardly.” Along with a list 

5. Bicci di Lorenzo, Coronation of the Virgin, Church of Santa Trinita, Florence.
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faceva la bottega in su la piazza di Sancto Giovan-
ni, e era in quel tempo di quella arte nel numero 
de’ buoni maestri di Firenze; e infra l’altre cose egli 
aveva fama di fare molto bene e colmi e le tavole 
d’altari, e simili cose, che non era per allora atto 
ogni legnaiuolo).40

Alberti deals with wood in De re aedificatoria41 

but essentially as a raw material, referring to the 
classical treatises that dedicated ample space to 
the materials, treating techniques for the felling 
of trees over three chapters, remedies for the dis-
eases of wood, techniques of drying and preserv-
ing trunks and cut planks,42 and the properties and 
uses of various wood essences.43

The documents of the period instead often 
offer detailed information on what was expected 
from a woodworker’s bottega at the conclusion of 
the construction of an altarpiece; for example in 
1495 a contract stipulated by the Augustinians of 
Perugia with the carpenter Matteo di Tommaso 
da Regio recorded “Also, that said Mattia is held 
and obliged to make said panel at his expense for 
wood, hardware, and glue . . . and that the surfac-
es he has to paint have to be glued and joined on 
the back with swallow tails, that is so they don’t 
open. . . and also that said panel be worked as 
much on one side as another, and that it has not 
one deformity.”(Item che detto Mattia sia tenuto 
et obligato di fare dicta tavola a tucte soje spese de 
legname, ferramenti et colla . . . et che i piani che 
se hanno a depingere le debbia incollare et com-
mettere da riverso cum code de rondine, aciò non 
se abbia aprire . . . Item che la detta tavola sia 
lavorata tanto da un canto quanto dall’altro, che 
non abbia niuna deformità.)44

A well-run practice should have allowed for 
earnings of a certain substance, as shown by con-
temporary documents. For example, in 1395 the 
Santa Felicita convent paid as much as 80 gold flo-
rins for the carpentry of a polyptych for the high 
altar of the church.45 The number seems rather 
exceptional given the need to negotiate on the 
estimates of the painting, but in any case, in gen-
eral the expenses of carpentry account for a good 
15–20% of the total expenses necessary for the cre-
ation of an altarpiece.46

Toward the great “altar constructions”
The rationalization of space imposed by Re-

naissance demands, the limiting of the number 
of altars—often even the removal of numerous 
panels without altars from the walls of the church 
that had accumulated over time—are all factors 

of the sub-disciplines that belong to the craft of 
the woodworkers,34 the identification of wood es-
sences according to use, and a detailed list of tools, 
among the most interesting notes is the one that 
ascribes theoretical knowledge to the craftsmen: 
“It is still necessary to know how to use a square, 
use compass and paper, and know how to round 
off a square, and square a circle, and know how 
to reduce on many faces what you will.” (È neces-
sario ancora sapere adoprare lo squadro, usar il 
compasso e il cartone, e saper fare d’un quadro un 
tondo, e d’un tondo un quadro, e saperlo ridurre 
in tante faccie quanto si vuole. . .), aspects of the 
craft that today are confirmed by observations and 
by studies of the dimensions and the divisions of 
spaces made by the woodworkers in the construc-
tion phases of their carpentry.35

Various statutes have survived from the guild 
of the woodworkers (Arte dei Legnaiuoli) from 
1301 to 1394,36 legislative proceedings character-
ized by a rigid prohibitionism governing the ar-
tisan activities of Florence, that moreover do not 
provide much information on the actual working 
activities of the members.37 More interesting is an 
examination of the register of the guild of the mas-
ters of stone and wood (Arte dei Maestri di Pietra 
e Legname),38 in which often painters also appear 
to be members, probably to facilitate specific ac-
tivities such as that of the forzerinai and cofanai 
(chest and casket makers), that is, painters dedi-
cated to the decoration of painted furniture, or 
simply because “with the aristocratization of the 
major arts of the Medici and Speziale during the 
Quattrocento, the craftsmen had more chances to 
qualify for the offices in the minor arts and there-
fore tended to opt for the cursus honorum in Leg-
naioli.”39

The art treatises, with an exception for the en-
cyclopedic Cennini, are skimpy as far as regards 
the practical construction of altar panels; but cer-
tainly not because of a lack of esteem between 
the contemporaries of the practice as an artistic 
activity; as proof, the passage from the Novella 
del grasso Legnaiuolo, attributed to Manetti, the 
biographer of Brunelleschi, who in describing the 
protagonist of a vicious prank, remembered that 
“this carpenter had his bottega up in the piazza of 
San Giovanni and he was at the time in this craft 
among the number of good masters of Florence; 
and among the other things that he had a repu-
tation for making well were little tabernacles and 
altarpieces and similar things that were not then 
the practice of every carpenter” (questo legnaiuolo 
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should not interfere with the sacred event for which 
it is the background.48 At the time, the educational 
aspect of religious art is not valued as much as its 
supporting role for the location that it furnishes and 
for the function that this has. And there is a need to 
assign the figures and iconographic choices an ever 
increasing transcendence.

At the same time, the altar became a place of 
adoration outside of the Mass because it is increas-
ingly there that the consecrated Host is preserved. 
The exclusion of the laity from the vicinity of the 
sacred place is increasingly justified and becomes 
reinforced by suitable architectural divisions, such 
as the raised floor with steps, and the creations of 
railings and gates. It is evident that in the face of 
all of these combined reasons, the paintings had to 
achieve ever greater dimensions (and greater com-
positional clarity) to be visible from afar, a focus of 
attraction, or of a song, but not a distraction from 
these, and that these new formal and architectural 
compositions of the altarpieces are directly con-
nected to the establishment of new formulas de-
signed to render religious themes sublime.49

that lead, in a sort of historical appeal, to renew 
our attention on the altar and its relevance. The 
great period of preaching (which opened in Flor-
ence well before the Counter-Reformation with 
Savonarola) posed the problem of concentrating 
the attention of significant crowds on a main vi-
sual focus. Hence the motivation for creating great 
altarpieces, visible even from a distance.

At the same time, the special sanctity of the 
Mass and the necessity of keeping the laity far from 
the altar was established. But at the same time, great 
effort is applied to ensure that the sacred image is 
iconographically clear and that above all, it doesn’t 
interfere with the liturgical action. Especially 
significant in this context is an exchange of letters 
between Vasari and Vincenzo Borghini about 
the creation of a major altarpiece in Santa Maria 
Novella depicting the Resurrection. The learned 
Abbott expressed perplexity over the positioning of 
the guards at the tomb of Christ within the pictorial 
composition, explaining that his eyes fell on them 
when raising the sacrament during Mass.47 Thus the 
principle is established that the devotional image 
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Botticelli’s Lamentation over the Dead Christ from the 
Poldi Pezzoli Museum in Milan: Notes on a minimal 
intervention and non-invasive imaging analysis

Ezio Buzzegoli and Ciro Castelli

The loan of Botticelli’s painting to the exhibition 
held in Florence in 20041 was an occasion for 
the museum administration to ask our institute 
for an assessment of the possibility of improving 
the general preservation state of the painting. In 
fact, the prior restorations2 were showing all the 
limitations of their time—especially, the decision 
to create channels in the panel for the insertion 
of a total of three trapezoidal crossbars made of 
oak wood. This situation, as we will see, negatively 
influenced the preservation of the wood support, 
to which can be added the heavy color alterations 
of the many retouchings. As the painting was ex-
amined and analyzed with the non-invasive meth-
ods available, a conviction took shape that an ur-
gent treatment of the wood panel was necessary, 
while a cleaning procedure would also have been 
opportune to remove the numerous retouchings 
that interfered with reading the painting. Treating 
the wood support seemed to be the absolute im-
mediate priority, but it was thought appropriate to 
postpone the treatment to remove the discolored 
retouching since the time available was considered 
insufficient. However, a removal of atmospheric 
deposits was carried out as these subtracted no 
small amount of saturation from the vividness of 
Botticelli’s colors.

We ought to underscore how the approach 
put to work in our laboratory was, especially in 
this case, inspired by “minimal intervention,” 
a genuine ideological exercise that, though es-
chewing dogmatic suggestions, increasingly has 
the connotation of a new frontier toward which 
to lean from the planning stage. Moving from a 

conscious deliberation, giving thought to a fair 
historical evaluation of the previous work should 
be the point of departure for each restoration 
project.3 In our case, the dictates of minimal 
intervention find meaningful expression in the 
consistent approach for both the practical phases 
of work on the object in question: the process 
of reestablishing the mechanical integrity of the 
support and the removal of the surface particu-
lates. Although these are different problems for 
their circumstances and procedural content, the 
two phases of work are both inspired from the 
same working philosophy that involves a time 
of questioning before carrying out any individ-
ual operation in which the restorer must give an 
answer that resolves the question on the effec-
tive need to carry out each operation, within the 
framework of preservation requirements, display 
intentions, and general use of the work of art. 
There is no single answer to this question, nor 
much less one without compromise; each of us at 
the time gives an answer commensurate with our 
experience, putting in play all the past outcomes 
of our own preservation background. In our case 
the practical choices, among which giving up glu-
ing inserts into the crossbar channels, take into 
account the role of the painting as an essential 
historical anchor in the Florentine exhibition 
and the fact that this transitory situation, though 
perhaps not exceptional, meant in part different 
valuations for the indispensability of some of the 
practical choices. In fact, it is certainly different 
to think in terms of necessity in the case in which 
the painting is considered in a museum context, 

This text was originally published in Italian as:
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Milano: Note di minimo intervento e indagini diagnostiche non invasive,” OPD Restauro, 16, 2004, pp. 15–30. Translated by Helen 
Spande.
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as opposed to foreseeing its inclusion in tempo-
rary exhibitions at different sites from the usual 
one.

Let us begin to examine the treatment car-
ried out on this occasion, therefore, with the first 
part on the support, assigned priority as already 
mentioned: the panel is made of poplar wood 
and measures 106 cm high, 71 cm wide, and has 

a thickness of 1.6 cm. It is made of two planks 
oriented vertically, one 50 cm wide, the other 21 
cm, joined with a butt-join and without internal 
connecting elements. From direct observation, in 
addition to reading the X-radiograph (Fig. 1), the 
wood is thought to be overall of high grade, even 
though the wider plank, with a sub-radial cut, has 
a large knot passing through the upper central part 
with the surrounding area affected by some torn 
grain (Fig. 2), and more pronounced growth rings 
on the outer side. The 21 cm plank is a radial cut 
and does not show any noticeable defects. Both 
the planks have relatively straight grain, with a 
relatively homogenous texture, with wide, diffuse 
porosity. From the examination of the panel, there 
are no apparent traces or other indications of an 
original system of reinforcement in the form of 
supporting crossbars. Regarding possible systems 
of restraint for the deformations and structural re-
inforcement, the dimensions and the thickness of 
the painting suggest methods employing a frame 
or a backing board, both structures which, in addi-
tion to having an aesthetic effect, can also perform 
a structural function. The back of the panel is par-
tially covered with a gesso coating (ammannitura) 
that seems original, covered by a red wine tone, 
and seems to have been damaged by a water leak 
about which, however, nothing is known.

The restoration of the 1950s, as already men-
tioned, transformed the wood support of the 
painting, inserting the trapezoidal crossbars hori-
zontally in channels carved into the panel, by itself 
already rather thin. The crossbars were of oak and 
5 cm wide on average and 1.4 cm thick (Fig. 3). The 
choice of wood of these crossbars is quite poor, 
considering the tangential cut of one length, the 
inclusion of part of the sapwood, the figured grain, 
and areas with clusters of knots halfway along the 
span. As for placement: one crossbar was posi-
tioned at the center, and the other two about 7 cm 
from the upper and lower edges. This profound 
alteration, in terms of changing the equilibrium 
in the object, turns out to have been quite inva-
sive and damaging. At the top right, six or seven 
centimeters from the edge, there is a crack along 
the grain that has been repaired with a rectangular 
patch made from coniferous wood (fir), inserted 
by demolishing the original wood to half of its 
thickness (Fig. 4). When we speak of the neces-
sity of questioning a procedure to determine the 
real need and the need to consider the damage 
produced by an excess of interventionism from 
the past in service to the new vision of minimal 

1. X-radiograph on a single film.

2. Detail of the knot from the X-radiograph.
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intervention, we want to introduce the idea that 
Botticelli’s painting is in this sense, unfortunately, 
a symbolic case. A large part of the preservation 
problems are due to the old restoration treatment, 
for example the slight longitudinal crook (falca-
tura) that is seen around the lateral exits of the 
crossbars. The phenomenon is probably caused 
by the crossbars themselves, by applying lateral 
forces on the sliding faces of the channels, they 
have induced, over time, the deformation of the 
support, reduced in those areas to less than half 
of the original thickness (Fig. 5). These channels 
were made in an approximate way, so much so that 
the central crossbar came out of the channel mid-
way (Fig. 6), while the other two, even though not 
equal in size, show clear imprecisions in contact 
along the sloped borders. Despite these issues, in 
general the support is still in good condition: the 
wood-boring beetle holes are few and old; the me-
chanical characteristics of the wood are good.

As we said, adopting the theory of minimal in-
tervention requires asking the painting about its 
true “individual” needs. In our case, the aspects 
that called for the most attention in executing the 

treatment were controlling the warping deforma-
tions and that of the vertical crook; furthermore, 
we had to evaluate how and what to do to the 
crossbar channels, the real “wounds” in the load-
bearing structure. On the other hand, exactly the 
conditions of stability in the ground in relation 
to the characteristics of the wood and its natural 
aging made us lean toward the least invasiveness 
possible.

3. Reverse of the panel with the crossbars from the 1950s res-
toration.

4. Fir wood insert filling a cavity more than half of the thickness 
of the panel

5. The channel for the crossbar during the preparation for the 
repair.

6. The central crossbar from the earlier treatment that comes 
out of the channel.
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of the channel. Considering the fact that the four 
corners, already slightly warped (concave toward 
the painted surface), could be affected by the trac-
tion of the framework on the anchorage points to 
the support, the only elements glued to the origi-
nal structure were applied to these points (Fig. 9). 
The only material impact of today’s treatment on 
the original integrity of the painting is thus from 
adhering these truncated cones of wood, with a 
maximum diameter of 22 millimeters and 5 mm 
thick. The system of attachment between the 
painting and the supporting framework (Fig. 10), 
as published several times,4 consists in these wood 
pieces in the shape of truncated cones, through 
the center of which passes a 3 mm screw, housed 
in a way as to be free to oscillate in different direc-
tions. The screw, which passes through a slot in 
the framework, is capped by a conical spring that 
is housed in a carved-out notch in the framework. 

The plan foresaw therefore providing the 
painting with a perimeter framework, an already 
widely proven system, with internal crossbars able 
to provide the necessary support for the panel and 
at the same time restrain any horizontal and verti-
cal warping deformations. With the aim of inter-
fering as little as possible with the original object 
while removing material and devices foreign to 
the original substance and structure, we thought 
to take advantage of the patched crossbar chan-
nels in order to anchor the framework. This was 
made to the dimensions of the perimeter of the 
painting and equipped with, aside from the perim-
eter lengths, three arched crossbars with a shape 
in line with the average curvature of the support, 
positioned so as to match up with the insert re-
pairs made to the existing channels. The crossbar 
channels (Fig. 7) were trimmed along the sides and 
reinforced halfway with inserts, made with small 
pieces of aged poplar wood, glued together with 
the wood grain parallel to the grain of the original 
panel (Fig. 8). This repair, on which the anchorage 
points of the our framework was glued, did not re-
quire being glued down because it was held fast to 
the support by the undercut of the sloping walls 

7. The channel has been cleared and repaired with anchorage 
points for the new supporting framework.

9. Detail of supporting framework showing one of the four an-
chorage points glued to the original panel.

8. Area of the central crossbar channel with repair.

10. A model of the anchorage points and springs used to pro-
vide tension.
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11. The back of the painting after the treatment with supporting framework mounted.
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relationships and the luminosity, so important for 
a painting by Botticelli (Fig. 17).

The imaging carried out (X-radiography, 
infrared reflectography, false-color infrared, false-
color ultraviolet, and ultraviolet fluorescence) 
provided important information thanks to the 
possibility of being studied and compared with 
the use, now indispensible, of the computer. The 
capacity provided by modern computer technology 
of managing an ever increasing quantity of data 
allows for referencing images and information 
obtained by the imaging techniques used on 
the painting using different wavelengths of the 
electromagnetic spectrum. They can be directly 
compared, especially by superimposing images 
of the whole painting or of details, obtained with 
visible light, or with different types of infrared 
and ultraviolet detection, radiography, etc. (Fig. 
18). We can envision reading the painting with an 
immediate and coherent response, point by point, 
like flipping through a book where each page holds 
the same view at different wavelengths. Proceeding 
in this sense requires an ability on the part of the 
restorer to use the latest generation software and 
computers and to employ the necessary technical 
support in the handling and management of digital 

Therefore with a suitable nut connecting the two 
elements, panel and supporting framework are 
held together by a junction whose grip and flexi-
bility can be adjusted at any moment. The number 
of these attachments is decided case by case by the 
restorer who bases his evaluation on the mechani-
cal properties of the panel to be stabilized, deter-
mining the number of the elements and the load to 
assign to each single spring (Fig. 11).

For the small split in the upper right (Fig. 12), 
it was thought to be opportune to remove the fir 
patch (Fig. 13) and then reestablish the continuity 
with narrow wedges, reinforcing the part damaged 
by the earlier restoration through the insertion of 
small pieces of aged poplar wood (Fig. 14).

As for the discolored retouching, as mentioned, 
although clearly disturbing, especially on the pink 
robes of the Madonna (Fig. 15), it was agreed 
with the museum administration to postpone its 
removal to a later time—which we hope can be 
soon—thus the cleaning treatment was aimed 
at only the removal of the rather heavy surface 
deposits (Fig. 16). This procedure, carried out with 
small cotton swabs, lightly moistened with water, 
secured a clear improvement for reading the 
painting, especially for the recovery of the color 

12. Detail of the crack from the X-radiograph.

13. Reinforcement with wedges.

14. Inlaid repair for an area where the fir wood patch was removed.
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least, restorers are called on to enrich their toolbox 
of abilities, so as to engage with and interact with 
this new professional figure, whose collaboration is 
clearly becoming ever more essential.

Ultraviolet fluorescence, known generically 
for its peculiar characteristic of differentiating 
retouching from original, also earns an added 
value if the results are compared with the other 

images. In our opinion, this ought to be taken into 
consideration for future professional development in 
the field of cultural heritage: in a laboratory like ours 
to which is also trusted research, we are witnessing 
a new professional figure located with those who are 
concerned with traditional image documentation, 
though, specifically, focused on digital images 
acquired with the aim of restoration analysis. At 

15. Detail of the pink robe of the Madonna with discolored retouching.

16. Surface cleaning to remove superficial deposits. 17. Recovery of the luminosity of the paint during cleaning.
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to optimize in different ways the overall versus 
the details of interest (Fig. 19). Again with re-
gards to ultraviolet wavelengths, another tech-
nique has been added recently, that though al-
ready in use, has shown little adoption due to 
the difficulty of interpreting the resulting tones 
of grey. This is the technique of UV reflectance 
transformed, specifically for ease of interpreta-
tion, into a false-color image (Fig. 20).5

non-destructive methods. Through this tech-
nique, we have been able to demonstrate the 
presence of some major retouching on the right 
sleeve of the red robe of Saint John which comes 
from a very recent treatment as it is clearly on 
top of a varnish applied in a prior restoration 
campaign. The manipulation of the digital image 
has improved the interpretation of this kind of 
traditional examination, above all for the ability 

18. Detail of the hands of Saint John and the Madonna at different wavelengths: A: visible light, B: UV fluorescence, C: infrared re-
flectography using scanner, D: X-radiograph, E: false-color infrared at 1600 nm, F: false-color infrared at 900 nm.
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reflectography, an imaging method that, as 
mentioned, reads the layers of the painting down 
to the preparatory drawing. The superior quality of 
the images that we rely on is assured by a custom-
made scanner, in use at our Institute,7 and which, 
as rarely happens, was planned and constructed 
just for reflectography of works of art. The resulting 
images are by far superior in terms of resolution 
and sharpness to any other analogous system (Fig. 
22). In the Lamentation, as in all the paintings by 
Botticelli examined in the infrared, three types of 
marks are seen: one lighter than the others, made 
by a dry tool that appears occasionally; another, also 
a dry tool, quite strong and deliberate that outlines 
faces and other anatomical contours (Fig. 23); 
and finally a third, a brush mark, meaning a liquid 
technique, that renders robes and anatomy in a kind 
of monochrome (Fig. 24). One suggestion on the 
use of these three materials is the following: on the 
prepared panel the artist marked out the composition 
with charcoal, following what was certainly planned 
first on paper; then with the brush dipped in what 
Cennini called acquerella d’inchiostro or watercolor 
ink, he reinforced and traced over the drawing, and 
with the same, sketched in monochrome the scene, 
except for obviously the areas where the final color 
would require the absolute luminosity of the ground; 
then the rigid mark of a pietra nera or black chalk 
is used to indicate the features of the faces and 
those passages that in his opinion the brush had not 
sufficiently indicated.8

In the painting, two changes were detected 
that were made in the course of the work that 

The X-radiography imaging, beyond the issues 
concerning the panel, has revealed a series of ad-
justments and shifts to the faces and other ana-
tomical details. Aside from the quality of the result 
which takes advantage of the ability of obtaining 
the image on a single film,6 the possibility of com-
pensating for heterogeneous areas on a digital im-
age, for example where the crossbars are removed, 
or superimposing the visible light image with vari-
able transparency, or interpolating with the other 
imaging, adds a significant value to the analysis. 
We are able thus to appreciate every detail of the 
modifications made by the artist when he was ex-
ecuting the painting. These corrections, quite vis-
ible in the X-radiograph, do not change the com-
position, but serve to adjust profiles and gestures, 
part of an entirely comprehensible modus operan-
di within the creative process of the master, who is 
certainly not in awe of his own design, drawn out 
or sketched on the panel; he adjusts and corrects it 
humoring the impulses of the creative act. In art-
ists of less substance, these variations tend to be 
rather less frequent (Fig. 21).

An entirely different category is instead the 
true pentimenti brought to light by the infrared 

19. UV fluorescence image of the areas treated showing the old 
retouching.

20. Comparison between different imaging techniques: A: false-
color UV, B: visible, C: UV fluorescence, D: false-color infrared.
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21. X-radiographs showing the changes; interpretation is aided by superimposing a partially transparent visible light image.
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are significant for the study of the composition in 
general. In comparison with the final version, the 
head of Saint John (Fig. 26) appears in the under-
lying brush drawing to be angled more toward the 
shoulder of the Madonna, almost as if to enfold 
her in a gesture of compassion; on the other hand, 
the face of the saint, made with more foreshort-
ening, shows less expressiveness than that evi-
dent in the actual painted version. On the left side 
of the scene, the plane on which the mantle of the 
Maria who covers her face is painted is shifted 
forward in a primarily compositional adjustment: 
in the preliminary version, her arm dressed in 
blue covers part of the red sleeve of Saint John, 
leaning forward toward the bottom, and it is 
found in the same spatial plane as the body of the 
Madonna. This change appears in the final ver-
sion as an overall retreat of the body of the saint 
to a more oblique position, so as to conform to 
the more angular dynamic of the depiction of this 
figure, central to the representation from a formal 
point of view, but also for the emotional strength 
expressed by the image. The hypothetical recon-
struction of the earlier idea9 (Fig. 25) shows a 
greater circularity of the composition, especially 

22. Infrared reflectography carried out with the INOA scanner.

23. IR reflectography of a detail of the face of the standing Mary 
at the right. Black chalk (?) underdrawing marks made with a 
dry tool.

24. IR reflectography detail of the mantle of the Mary with the 
covered face on the left. “Acquerella d’inchiostro” (watercolor 
made of ink) underdrawing made with a brush.
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25. Digital reconstruction showing the underlying first version of the composition as revealed by the IR reflectography.
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passages of retouching are made evident on the 
blue mantle of the standing Maria on the right 
which can be matched to two treatment cam-
paigns with a different use of materials and degree 
of care (Fig. 29). The older retouching was made 
with pigment mixtures that appear greenish grey 
in false-color; the more recent, applied with broad 
brush strokes that overlap the original color, were 
instead made with artificial ultramarine yielding a 
bright violet tone in false-color IR. Both of these 
above examples lend themselves to showing the 
importance of direct comparison with different 
analytical techniques, enabled by the use of the 
computer.

In concluding these notes commenting on 
this moment of combined research and practice, 
we believe it is not off topic to add some thoughts 
that have come out of the restoration treatment 
that was undertaken, and that are proposed more 
and more, sometimes in a pervasive form, each 
time a work of art of primary importance to a 
museum is removed for restoration. Restoration, 
as conceived of in a modern way, at least 
according to what has come from our experience, 
but also according to what was spelled out by 
the founding fathers of the current discipline, 
is also intended as an unusual research moment 
directed at the material reality of the work of 
art, at the highest level possible. In the vision of 
those dedicated to conservation, what is meant 
by material reality is not a concept separated 
from the historical and artistic reality of the 
object, but on the contrary, the essence itself in 
which this reality is inextricably linked. Dialectic 
exercises that seek to dissolve the object from 
its physical nature are certainly obsolete. The 
question is then one of time, meaning the period 

in the central part which in some way tends to 
isolate more the figure of Nicodemus (or Joseph 
of Arimathea, according to an alternative icono-
graphical interpretation) captured in the gesture 
of showing the tangible signs of the Passion of 
Christ. The final compositional plan foresaw, in-
stead, an interruption of the circular flow created 
by the figures kneeling around the Madonna with 
the dead Christ in her lap, defined by the more 
upright head of the saint which helps connect the 
principle group with the background figure, po-
sitioned on a plane farther away from the viewer 
but certainly not less meaningful.

Other passages of the drawing belonging to an 
earlier design, aside from the modifications of the 
features already highlighted by the X-radiograph, 
are associated with the arm of Christ (Fig. 27), 
which was positioned more toward the sternum, 
in a less relaxed way from the final painted version. 
The drawing marks and the tools used are distinc-
tive to the artist and have been documented by 
other infrared reflectography on securely known 
works.

The images in false-color IR have shown, with 
a non-destructive technique, the use on the part 
of the artist of two different pigments to make the 
same color. The mantle of Maria with her face cov-
ered appears in small part to be made with ultra-
marine (lapis lazuli) and in large part with smalt 
(smaltino). This curious detail, certainly identifi-
able with the randomness of the creative moment, 
appears clear when the images taken with two 
types of false-color IR are compared (Fig. 28). At 
the two different wavelengths, thus two different 
false colors, the ultramarine doesn’t change color, 
remaining red, while the smaltino generates a blue 
tone at 1600 nm. With the same technique, the 

26. IR reflectography detail of the head of Saint John where, in 
the first version, it is bent to the left toward the shoulder of the 
Madonna.

27. IR reflectography detail of the body of Christ with drawing 
lines that position the arm closer to the sternum.
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28. Comparison using false-color showing the mantle of the Mary with her face covered.

29. Different types of retouching in false-color.

1 - Visible light
2 - UV fluorescence
3 - False-color IR by CCD
4 - False-color IR by scanner
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loss into opportunity for collaboration and 
growth. This idea will certainly be developed and 
enriched by programs that consider case by case 
all the associated implications. For our part we 
are however already able to establish the creation 
of this kind of event, and willing to take the 
opportunity to share knowledge and awareness 
of restoration.

necessary to carry out a treatment. The work 
then becomes ever more careful of “economic 
productivity” because its absence from the 
display environment is considered a loss. Our 
idea, therefore, is to take advantage of modern 
technologies of mass (or not) dissemination, to 
create effectively a direct line for the restoration, 
a service of cultural aid that transforms that 

1 “Botticelli e Filippino, L’inquietudine e la 
grazia nella pittura fiorentina del Quattrocen-
to”, Florence, Palazzo Strozzi, 2004.
2 See the technical records from the official 
museum website: www.museopoldipezzoli.it
3 On minimal intervention, see the acts of 
the conference: Cesmar 7 in Thiene (Vi) 29–
30 October 2004.
4 See C. Castelli, A. Santacesaria, “Il restau-
ro dei supporti lignei” in Dipinti su tavola, la 
tecnica e la conservazione dei supporti, edited 
by M. Ciatti, C. Castelli, A. Santacesaria, pp. 
169–196 Edifir, Florence 1999.

5 On this subject, which represents an abso-
lutely new finding, see OPD Restauro, vol. 16, 
2004, for the explanation regarding the execu-
tive technique and associated interpretation.
6 See A. Aldrovandi, O. Ciappi, “La radio-
grafia di grande formato, problemi e soluzioni 
tecniche”, OPD Restauro 7 (1995), pp. 163–169.
7 D. Bertani, M. Cetica, P. Poggi, G. Puccio-
ni, E. Buzzegoli, D. Kunzelman, S. Cecchi, “A 
Scanning Device for Infrared Reflectography,” 
Studies in Conservation 35 (1990), 113–116.
8 E. Buzzegoli, D. Kunzelman, “La nas-
cita di Venere in riflettografia IR” and 

“L’Annunciazione in riflettografia IR,” Gli 
Uffizi. Studi e ricerche 4 (1987), pp. 63–73; 
L’incoronazione della Vergine del Botticelli, 
edited by Marco Ciatti, Edifir, Florence 1990; 
Ezio Buzzegoli, Marco Marchi, “Botticelli: Ri-
tratto di Uomo con Medaglia nella Gallerie 
degli Uffizi: Note sul Restauro,” The Conserva-
tor 16, UKIC, (1992), pp. 48–54.
9 The reconstruction and the associated 
processing of the images from the infrared 
reflectography was carried out by Diane Kun-
zelman.
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The structure, condition, and treatment of the panel
of Rosso Fiorentino’s Pala Dei

Ciro Castelli, Mauro Parri, and Andrea Santacesaria

At the end of the seventeenth century, along with 
other panels of the Palatine collection, this paint-
ing was subjected to an invasive treatment ex-
panding its dimensions and affecting its entire 
perimeter. This change, aside from modifying 
aesthetic and formal qualities as illustrated in the 
contributions of Marco Ciatti and Serena Pado-
vani, has overloaded the original structure of the 
support with tensions. This was found to be due 
to the presence of the added planks arranged in an 
unorthodox way with respect to the original panel 
whose movements were affected by fluctuations in 
relative humidity. Though this practice of making 
panels larger also affected other paintings of the 
same collection (examples being the Assumption 
of the Virgin and the Annunciation of Andrea del 
Sarto, the Pala Pitti of Fra Bartolomeo, and the 
Madonna del Baldacchino of Raphael, paintings 
restored previously by the laboratory of the OPD), 
the Pala Dei represents a case apart, as the exten-
sions and the requirements of this treatment in-
volved all four sides of the panel.

A preliminary assessment was carried out on 
the painting to evaluate its condition, including 
both the original part and the late-Seicento exten-
sion, with a view to its likely inclusion in the exhi-
bition “L’Officina della Maniera.” What was found 
was a series of damages directly due to the attach-
ment between the original and the addition; this 
made us evaluate whether or not it was right to 
continue to keep the two parts together or, alter-
natively, consider the possibility of adjusting the 
connection so as to neutralize the tensions. This 
latter operation was not only possible, but found to 

be preferable, given the condition of the painting. 
From a critical examination of the painting, nu-
merous signs emerged of structural suffering that 
had been underway for a long time and was even 
now still active; there was evidence of numerous 
treatment campaigns carried out over time (both 
on the original and the extension) with the pur-
pose of repairing damage produced by this union. 
The most serious effects were due to phenomena 
in the original panel that resulted in repercussions 
for the ground and paint layers. The condition of 
the painting brought us to differentiate between 
causes of deterioration that were superficially sim-
ilar. Specifically, the complete detachment of the 
added external plank on the left from the remain-
ing planks of the panel could be interpreted, from 
a rigorously conservative viewpoint, as a point of 
release for the forces generated within the modi-
fied wood structure, while the cracks developing 
on the upper and lower margins and within the 
central panel are from a different cause. The first 
phenomenon is, in fact, the final result of the dis-
charge of induced and ultimately stabilized ten-
sions, the second, instead, with the white ground 
exposed, illustrates a developing process still un-
derway and consequently much more dangerous.

A large part of this damage could be blamed on 
the complex and overly rigid attachments between 
the original and extensions which consisted of the 
following: an L-shaped join carved out of the in-
ternal perimeter of the added part which housed 
the full depth of the original panel; a series of 
iron brackets inserted into the edges of the addi-
tion and screwed into the back of the panel; some 

This text was originally published in Italian as:
Ciro Castelli, Mauro Parri, and Andrea Santacesaria, “Tecnica di esecuzione, problemi di conservazione, intervento di restauro: Il 
supporto ligneo,” in La Pala Dei di Rosso Fiorentino a Pitti, Storia e restauro, pp. 67–82. Edifir, Florence. 2006. Translated by Helen 
Spande.
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tral ones which have a kind of sub-tangential cut, 
tending therefore to warp (in fact rather modestly) 
but, above all, to crack. The phenomenon typically 
accelerates with the aging of the wood and accord-
ing to environmental conditions.

A treatment plan to address such a complex 
situation set forward professional ethical ques-
tions on what was the best path for the painting: 
that of working separately on the two parts while 
maintaining the integrity of both, or rather that of 
pursuing alternative solutions, for example, on the 
surrounding environment? Certainly just improv-
ing the environmental conditions would contrib-
ute to reduce the stresses on the panel, but not 
enough to completely eliminate them. Just stabi-
lizing the relative humidity would stop the move-
ment of the wood but understandably, that would 
be difficult to do in practice. A final, but not neg-
ligible aspect was the possibility that the painting, 
once freed from the structure of the extensions, 
might warp so much as to make its subsequent 
re-insertion difficult. This risk was thought to be 
minimal considering that the support had experi-
enced only modest warping, but instead contrac-
tion with splitting and join separation; this prob-
lem could be further understood by studying the 
growth rings of the planks.

The findings described so far were decisive for 
determining that the only choice was to separate 
the parts, especially since it was predicted that 
it would be possible to carry out the procedures 
while maintaining the integrity of each of the 
two parts, and to intervene subsequently on the 

connecting screws placed along the area of the L-
join; and a series of nails diagonally inserted into 
the sides. Furthermore, a coating of tow (stoppa) 
and hide glue was applied to fill the imperfections 
around the joins between the two parts.

Certainly from such an assembly, formed from 
planks arranged with the grain running perpen-
dicularly, the stresses induced are strong. Along 
the upper join, the lines that define the architec-
ture in the added part compared with the original 
provide a gauge of this. Along this junction, the 
lines of the architecture show a misalignment of 
two to three millimeters, varying from area to area. 
This situation indicates that the original painting, 
about three hundred years after the extension was 
added, has contracted by about 2 millimeters. This 
gives a concrete idea of the forces that the original 
panel would have had to use to move, notwith-
standing the existence of the strong attachments 
described earlier. We can hardly imagine that such 
movements are stabilized once and for all; it is 
certain instead that they will continue, though not 
constantly in terms of extent and direction.

Another critical aspect is the original crossbar 
system still present. The two crossbars have been 
covered on the sides by the extension and there-
fore any check or adjustment would have been 
impossible. To this end, it is also unclear how 
much its “function” may have contributed to the 
formation of the cracks at the center of the panel. 
It cannot be ruled out that over time, the two fir 
wood crossbars inserted into trapezoidal channels 
carved into the back of the panel were excessively 
rigid. Also worth bearing in mind are not just the 
dimensions of the painting, but rather the char-
acteristics of each plank, especially the three cen-

1–4. Details of the paint surface showing original and addition. 
The misalignment of the lines is evidence of the contraction of 
the main panel since the time of the enlargement to today.

5. Diagram of the panel of the Pala Dei.
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The structure of the panel incorporates the 
three widest planks at the center with two pairs of 
narrower planks on the sides. The central planks 
have an intermediate cut, close to sub-tangential.

The dimensions and the cut of wood of the in-
dividual planks, beginning from the right to left 
(as seen from behind) are as follows:

Plank 1: 247.6 cm high, 19.8 cm wide, sub-radial 
cut

Plank 2: 247.6 cm high, 19.5 cm wide, sub-radial 
cut

Plank 3: 247.6 cm high, 36.3 cm wide, intermedi-
ate cut

Plank 4: 247.6 cm high, 43.6 cm wide, intermedi-
ate cut

Plank 5: 247.6 cm high, 38.4 cm wide, intermedi-
ate cut

Plank 6: 247.6 cm high, 24.6 cm wide, sub-tan-
gential cut

Plank 7: 247.6 cm high, 29 cm wide, sub-tangen-
tial cut

method of attachment, rendering it harmless 
but at the same time functional, and above all 
to harmonize the life of the structure of the 
original with the extension. Separating the parts 
was possible without damaging the original 
paint surface thanks to the presence of fills and 
retouching along the junction remaining from 
past treatments carried out to compensate for the 
shrinkage of the wood occurring over centuries. 
At this point, some details of the plan needed to 
be verified with the help of the X-radiographic 
examination, specifically if there were other 
connections between the extension and the 
original that were not visible. This examination of 
the structural connections confirmed the presence 
of deep gaps between elements of the support, and 
also the positions of nails placed diagonally along 
the joins. These had been bent back into the wood, 
filled, and subsequently covered with ground.

With these conditions in mind, it was possible 
to develop a plan to separate the pieces within a 
treatment of limited scope, allowing us to improve 
the system of attachment, rendering it innocuous 
but at the same time functional, and above all, 
seeking to harmonize the original with the addi-
tion.

Construction technique:
The painting is composed of seven poplar 

planks. The dimensions of the panel are 246.7 x 
212.2 cm with an average thickness of 3 cm.

6. The reverse of the panel in raking light.

7. Diagram of the assembly of the panel with the double-dove-
tail inserts.

8. Diagram showing the application of the crossbars in tapered, 
trapezoidal channels. Both were inserted from the same side 
of the panel.
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some holes passing through the crossbars, abso-
lutely not inherent to the structure, suggest that 
the lengths were recycled beams or other wooden 
pieces used before.

Observing the reverse, we can ascertain that 
the wood used is free from obvious defects; the 
grain is slightly diagonal in the sense of both the 
width and depth of the panel. This phenomenon 
is mostly apparent on the upper part of the central 
plank and its borders; there is a decisive tendency 
for grain separation due to ring shake in corre-
spondence with the crossbar channels.

The planks were partially planed on the back in-
dividually. They were then arranged vertically with 
the internal sides facing the ground, assembled with 
butt-joins and glued with casein; no internal con-
necting elements were found. All of the joins have 
been reinforced from the back with walnut, double-
dovetail inserts (excluding that between the first and 
second plank which was only glued). These inserts 
have an average size of 14 cm wide, and range in 
height from 2.5 to 5 cm. These were placed in a rela-
tively even way about 8 cm from the top and bottom 
edges. The back of the panel was partially smoothed 
horizontally with a tool like a scrub plane (sgrossino) 
with a relatively flat blade; the front side shows simi-
lar planing, as is visible in the X-radiograph.

The panel is supported by two fir wood cross-
bars that measure 8 cm high and are 6.5 cm thick. 
They fit into tapered, trapezoidal channels carved 
in the panel 1.3 cm deep. These are located 31 cm 
from the edges of the panel. The restraint from the 
crossbar system is not very consistent, but makes 
contact only in certain points, as the execution of 
the channel is very imprecise. The crossbars were 
finished on the back with an adze.

The materials chosen for the construction of 
the panel are of good quality; the same cannot 
be said for the execution technique which ap-
pears rather rough. Furthermore, the presence of 

9. Detail of the X-radiograph from which it is possible to see 
the application of canvas along the joins and a varying radio-
opacity to the ground indicating the panel was not perfectly 
smoothed.

10. The painting with the seventeenth-century enlargement.

11. The back of the painting before dismantling and restoration.
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Condition

The structure of the extension
The conservation history of the Pala Dei is 

tightly tied to the work incurred when it was 
moved from the church of Santo Spirito to the 
Palatine Gallery. The painting was extended on 
all sides by a poplar structure composed of four 
planks arranged like a frame with half-lap joins in 
the corners. The two verticals are 351 cm long and 
27 cm wide, while the horizontals are 260 cm long; 
the one at the bottom is 21.5 cm wide, at the top, 
83 cm. The upper plank was further extended at 
the ends with two strips and a small insert. The 
average thickness is about 6 cm. Incorporating this 
extension gives the painting a total size of 260 cm 
x 351 cm.

The original panel was first planed down on 
all four edges, creating a slight slope toward the 
back; this operation is discernable both because 
of the total lack of traces of original workmanship 
such as drip marks or slightly rounded margins 
from finishing of the ground and paint layers, and 

From the observation of the construction 
technique, we can determine, insofar as it is pos-
sible, some interesting parallels to the structure 
of the support of Raphael’s Madonna del Balda-
cchino. The similarities have already begun with 
the intended destination—the Dei family chapel 
in Santo Spirito. Furthermore, as for the panel, in 
both cases the structures are made of wide planks 
at the center with narrower ones on the sides. In 
both, double-dovetails sit astride the joins (in the 
case of the Madonna del Baldacchino there was 
also a central row), and in addition, the crossbars 
fit into tapered channels but, differing from con-
temporary practice, they were not angled in dif-
ferent directions; meaning the crossbars entered 
the support both from the same side (in Rosso, 
from the right, in Raphael, from the left, looking 
at the painting). Finally, there are strips of cloth 
applied over the joins to prevent the movement of 
the wood from affecting the paint surface. These 
features suggest that the same hands created both 
panels or at least there is a very close connection 
in workmanship.

12. Diagram of the construction of the enlargement.

13. Detail of the edge of the support that shows an angle made 
to ease the insertion of the painting into the structure of the 
extension.

14. Detail of the area of contact between the original panel and 
the extension with the remains of glue and material inserted 
as filler.
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in diameter, inserted diagonally from the front 
through the surface of the addition and anchored 
into the panel, seven along the right, six on the 
left, and one at the top). The attachment is further 
reinforced by sixteen iron brackets, four along 
each border, in slots carved in the internal sides of 
the extension and held on the back of the original 
panel with pairs of handmade screws and twenty 
longer screws inserted along the border of the 
internal rebate. The original panel has one further 
link to the extension: two fir crossbars are nailed 
to the vertical added side planks, rest against the 
original crossbars and are connected to them with 
two long metal screws tightened with wingnuts.

As mentioned in the introduction, the pres-
ervation history of the Pala Dei is one of an ex-
tensive series of examples of paintings that were 
tampered with for display in the Palatine Gallery. 
While our painting is an extreme case, we can ob-
serve some similar unusual features and parallels 
with what has happened to other paintings. In the 
case of the Pala Pitti of Fra Bartolomeo, the sev-
enteenth-century upper addition (that follows an-
other earlier one from 1588 made for the church of 

by checking with a 90° square. Such a procedure 
probably facilitated its insertion into a support 
in the seventeenth-century structure without 
incurring friction from the movement of shims. 
The painting rests on a perimeter rebate carved 
out on three sides of the structure and at the top 
made of a strip glued and nailed to the upper 
plank. The pictorial surface was therefore at the 
same level as the front surface of the extension. 
The panel was fixed along the perimeter with hide 
glue, tow, handmade screws with large heads, 
and nails detected thanks to the X-radiography. 
(These are about 7.5 cm long with a shaft of 5 mm 

15. The handmade screws on the rebate.

16. Along the edge of the Pala Dei, the cut shaft of a diagonal 
nail is visible.

17. Diagram of the insertion of the panel into the extension. 
A series of nails is inserted diagonally to solidify the assembly.

18. Diagram of the insertion of the panel into the extension as 
seen from the back. The union is ensured by a series of bracket 
along the perimeter and two crossbars on the back that connect 
to the original ones.
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that the process of dimensional modifications af-
fected the original panels in different ways; though 
Rosso’s panel has stayed flat, the tendency to warp 
of the Madonna del Baldacchino probably ren-
dered necessary the treatment of 1830 in which it 
was thinned and cradled.

The condition of the panel
The modification to the structure of the panel 

has seriously undermined its condition. The re-
striction imposed along the perimeter has created 
dangerous stresses in the panel that have been re-
leased along three sides along the joins between 
the original panel and the additions; on the left 
edge, instead, the attachment to the original panel 
has remained mostly intact while the plank on 
the left has completely detached from the rest of 
the panel with a gap of 3–4 mm. The transverse 
contraction of the planks of the extension and the 
original panel across its width has certainly con-
tributed to the situation. Within the support, the 

San Marco) was carried out with a thicker plank, 
placed perpendicularly with an L-join anchored 
with glue and screws; these were clearly hand-
made with a large head and a thread made by hand 
similar to those used in the Rosso. Also, the exten-
sion made to the Madonna del Baldacchino with 
a plank placed perpendicularly at the top, initially 
included an anchorage with three bridging plates 
applied to the back and held with screws. In the 
X-radiograph it is possible to see the form of the 
thread is quite similar to that of the screws present 
in the other paintings. Furthermore, it is expected 

19. Detail of the paint surface showing evidence of cracks in 
the panel.

20. Detail of the back of the area of figure 19.

21. Detail of the back. The central plank shows ring shake and 
widespread erosion of the wood grain.

22. Detail of a double-dovetail insert. Friction with the element 
positioned with the grain perpendicular has caused micro-
cracking around the acute angles.
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inserted diagonally through the edges, and a metal 
mending plate (29 cm long, 2.5 cm high, and 5 
mm thick) screwed to the back with four machine-
made screws. Furthermore, on the same line, the 
separated join in the panel was reinforced with 
four metal plates, similar to the ones described; 
and the application of the elements at the top 
and bottom near the edges made it necessary to 
remove the seventeenth-century brackets located 
in those areas. Along the join, tow was adhered 
with hide glue. This operation was required, most 
likely, in order to reconnect the edges of the join 
and diminish the gap caused by the detachment of 
the planks of the original panel.

Restoration treatment
The painting was set up vertically on its side 

so that both surfaces were easily visible during 
the various operations. Along the line of the joins 
between the original and the extension, earlier 
subjected to cleaning and removal of the fills, the 
screws and metal brackets were removed. The lo-
cation of each element was noted with care. Then 
an oscillating saw with the smallest width blade 

stresses have caused numerous splits that pass 
through to the paint surface. The surface of the 
panel appears flat and the well-adhered paint lay-
ers indicate that the induced stresses generated 
over time are along the areas mentioned earlier 
and do not cause compression contraction of 
the grain on the front surface, thus do not cause 
diffused lifting typical of supports under strain 
thanks also to the flexibility of the ground. In ad-
dition, the particular conformation of the wood 
grain with diagonal growth rings induced numer-
ous cracks and ring shake in the central panel in 
the area above the upper crossbar. Analyzing the 
damage caused by the construction of the panel it-
self, we also see small cracks that are not very deep 
at the ends of the double-dovetail inserts, a sign of 
poorly absorbed tensions in the panel centered on 
the original internal joins.

The structure of the extension has a vertical 
cut in the plank positioned at the bottom in 
correspondence to a separating join in the 
original panel. This cut, carried out in a period 
after the extension, caused an interruption in the 
grain that was repaired with glue, plaster, a nail 

23. Detail of the lower area of the back before treatment. The 
cut in the lower plank is quite visible with the mending plate 
applied to restore the continuity of the element. Additionally, 
the join in the original panel has been patched with tow and 
screwed brackets.

24. Dismantling the painting. Cutting through the nails along 
the perimeter.
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(0.5 mm) was inserted. This power tool, with the 
brand name Fein, allows thin blades to be used 
with an oscillating movement similar to that of a 

manual tool. Thanks to the extremely good han-
dling, it was possible to carry out a very precise 
cut and therefore work along the entire perime-
ter of the original painting, perpendicular to the 
paint surface, cutting through the diagonal nails, 
and along the back of the rebate along the surface 
of the panel. In this way, the L-section on which 
the painting rested was completely detached. The 
screws with the wingnuts that held the transverse 
lengths of the extension to the original crossbars 
were removed and then, the freed painting was 
removed and set up on shaped and padded rests 

25. Initial phase of dismantling.

26. The painting is checked along the perimeter during the 
dismantling.

27. The painting is completely separated from the extension.

28. Detail of the screw with the wingnut holding the original 
crossbar to the added one.
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the reinforcement began with re-adhesion where 
the contact between the elements was greatest. 
Two short grooves were cut with the electric rout-
er with the aim of minimizing the opening and re-
ducing the invasiveness of the repair. Aged, poplar 
wedges were inserted into these with a PVA adhe-
sive. Next, the remaining groove for the wedges 
was cut in straight sections. The join was repaired 
with the alignment and leveling of the edges of the 
paint surface with tie-rods and the insertion and 
gluing of small wedges along the groove. This pro-
cedure was carried out following a technique de-
veloped by this very laboratory in which the objec-
tive is to bring back into plane, where possible with 
slight pressure, the separated paint surfaces. With 
the same technique of reinforcement, the cracks 
present in the rest of the panel were addressed. 
These cracks had developed along the grain of the 
wood and followed a diagonal path with respect to 
the thickness of the wood; notwithstanding this, it 
was possible to cut very narrow triangular chan-
nels with an electric router resting on a sloped 
surface; in this way it was possible to completely 
follow the path of the cracks.

Improvements were also made to the panel in 
the area of the double-dovetail inserts which had 
shown signs of breaks in the grain located around, as 

in order to be worked on. As mentioned, we had 
to be careful that the freed panel did not undergo 
any deformations that would compromise its re-
insertion into the structure. Therefore, before dis-
mantling the structure, the shape of the upper and 
lower edges of the panel was measured and strips 
were cut to fit which were clamped to the surface 
after it was taken apart.

On both parts of the support, a preliminary 
cleaning was carried out, removing the thick resi-
dues of hide glue and tow; the procedure was done 
by swelling the material with demineralized water 
in a 2% Klucel poultice followed by mechanical 
removal. On the back of the panel, the wood was 
cleaned by simply vacuuming the deposited dust.

The panel, above all, needed to be reinforced by 
stabilizing the connection between the left plank 
and the rest of the panel. The splits that extended 
through the panel also needed to be repaired. For 
these procedures, the crossbars were extracted as 
it was apparent from the beginning that they were 
made poorly and did not fit well in their channels.

The plank on the left was aligned to the panel 
so as to achieve planarity overall. The procedure 
turned out to be rather complex because in some 
points the wood had broken in an irregular way. 
Consequently, along the upper and lower margins, 

29. The painting detached from the extension seen from the 
back.

30. Removing the glue and tow and other residues on the back 
of the support.
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that could allow the elements to coexist without 
conflict. This choice represents the recent practice 
of the laboratory which meets the requirements 
of respect for the inherent characteristics with 
a simple and rather limited procedure, visually 
nearly imperceptible, but functioning to neutralize 
eventual conflicts between the elements placed with 
perpendicular grain.

The channels of the crossbars appeared from 
the beginning to be imprecise and the contact, as 

is typical, the points of the inserts due to differential 
movements of the wood. In fact, these elements, 
positioned with their grain perpendicular to the 
panel, restricted normal micro-movements and 
were a source of tension and possible cracking in the 
panel. These were certainly very old marks of tension 
and therefore, in order to respect the integrity of 
the whole and seek a coexistence without risk of 
new stresses, the edges of the inserts were trimmed 
with the blade of the oscillating saw, creating a gap 

31. The painting after the dismantling and before the treatment on the support. The left plank is completely detached from the rest 
of the panel.
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of the channel. In the new channels, the lower parts 
of the crossbars were inserted with precision; these 
were made by separating the old original bases and 
making them thicker with fir wood strips, suitably 
straightened. These pieces were 14 mm thick, not 
much more than the height of the channel and 
were worked in such a way as to concede a certain 
freedom to the central part of the panel, while fitting 
well at the edges. The reason for this choice was to 
recreate that slight play that is achieved naturally 
between crossbar and support over the centuries; 

mentioned, was only in certain points. Additionally, 
the larger spaces were associated with the ends 
where the restraint preventing deformations of the 
panel was nearly nonexistent. The practical priority 
required regaining greater functionality from the 
crossbars, especially for when the original panel 
is remounted into the extension and only they act 
to prevent deformations. Therefore, the sloped 
borders of the channel were slightly straightened 
without interfering with the bottom, using a 
circular saw placed on a guide fixed to the surface 

32. The panel seen from the back. Aside from the separated joins, there are cracks that pass through to the paint.
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33. Steps in the treatment of the separated joins. Some fragments 
of wood and paint are re-adhered before the reinforcement is 
completed with wedges.

34. Cutting the grooves for reinforcing the joins with the 
electric router.

35. The router in position over the groove. The angle is about 
14°.

36. The repair of the join carried out with aged poplar wedges.

37. Reinforcement of cracks carried out with the electric router 
for short intervals, reducing to a minimum the removal of 
original material.
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38. The oscillating saw allowed for the creation of a minimum 
of space between the double-dovetail insert and the panel to 
reduce tensions between the two.

39. Detail of the double-dovetail insert. The contact between 
the edges and the panel was reduced and a thin gap was opened 
to prevent tensions.

40. Detail of the original channel of a crossbar seen from 
the side. Imperfections and irregularities are visible from its 
workmanship.

41. The sloped borders of the channels were straightened. 
The lower parts of the crossbars were widened to fit the new 
channels.

42. A stress test for the crossbar in the channel and the margin 
of play of about 1 mm between the elements. This play has the 
function of lightening the tensions between panel and crossbar.

43. The base of the crossbar built out and the main body 
adapted to the slight curvature before the final gluing.
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additionally, in our case, it meets another detail 
of the anatomical conformations of the planks of 
the panel which, as seen, though on one side they 
have proven very stable in maintaining a general 
planarity, they have in any case a tendency, when 
faced with tensions, to warp. Furthermore, the 
greatest tensions were concentrated in the central 
plank with unstable and deep cracks; these were 
caused by the imprecise crossbar channel which 
created stresses on the center, and by a certain 
weakness in the grain of the central plank which 44. The crossbar put together and inserted in the channel.

45. The back of the panel after the treatment.
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showed signs of ring shake. We believe these 
procedural choices should compensate for these 
deficiencies of the support.

The main body of the crossbar was adapted to 
the slight curvature of the base and the two ele-
ments were glued with PVA adhesive.

Checks were made to verify if there were ten-
dencies to particular deformations in the planarity 
of the panel by using two shaped strips placed at 
the top and bottom; this was carried out with the 
aim of reapplying the crossbars. At the end of the 
work on the support, the strips were removed and 
the panel was seen to have maintained its initial 
surface shape.

The back of the extension was also cleaned 
at the beginning of residues of glue and tow. 
Then, some small splits were reinforced and the 

mechanical continuity of the bottom piece was 
regained; this had been sawn across the grain in 
correspondence to the separation in the original 
panel to allow, in a past period, the realignment of 
the paint surfaces. The cut ends, after the removal 
of a diagonally placed nail, were given a channel 
in the center to house a false tenon, again of aged 
poplar. The channel had a thickness equivalent to 
a third of the total and was hidden on the inside.

The re-insertion of the painting inside the ex-
tension foresaw, as is clear, that the two elements 
would coexist in an independent way both in 
terms of the wood and for the ground and paint 
layers. Just as the paint surface remained marked 
by a line of interruption all along the perimeter of 
the original, so too the support was fixed in such a 
way as to not jam or create tensions and therefore 
allow movement that is absolutely not impaired, 
similar to that of being housed in a frame.

This is why the rebate was lined with Neoprene 
so as to guarantee a cushioned surface to rest on. 
Next, the reinstallation of the painting foresaw the 
use of the brackets and screws that were already 
present without resorting to using additional ma-
terials that would have necessitated new anchor-
age points. The original heart would find a stable 
position without risk of tension.

The brackets holding the painting to the ex-
tension were cleaned of rust and slightly reduced 
in volume to be able to fit again easily into their 
spaces. In addition, the parts in contact with 
wood were protected with Ferox in order to im-
pede new oxidation. The holes were enlarged and 
the seventeenth century screws, both those for 

46. Reinforcing the cut part of the lower plank of the extension. 
A hidden mortise is made for a chestnut tenon.

47. Along the border of contact between the painting and the 
extension, a strip of Neoprene was applied to cushion the mi-
cro-movements and seal the space.

48. The seventeenth-century hardware was cleaned of rust and 
replaced into slightly enlarged channels with PVC washers to 
prevent friction as much as possible.
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the straight brackets and those on the L-shaped 
brackets, were cleaned of rust, reinserted with 
the use of PVC washers and Bauer springs, so as 
to render their action frictionless. The two trans-
verse lengths of the extension were replaced in 
their original positions and secured with screws; 
the area of contact with the vertical planks was 
built up with aged poplar. Finally, the long screws 
that connected these lengths with the crossbars 
were reinserted into holes that were made slight-
ly more spacious and tightened lightly with the 
original wingnuts.

To prevent wood-boring beetle damage, the 
back of the support was treated with Permetar in-
secticide dissolved in mineral spirits. It was then 

protected with 4% microcrystalline wax dissolved 
in petroleum ether 100°–140°.

These procedures are protective measures as 
part of a preventive conservation approach against 
eventual biological attack and for the exchange of 
relative humidity with the environment. The paint-
ing will be displayed initially without the frame into 
which it will be inserted on its return to the Palatine 
Gallery. At that point, the back of the painting will 
be closed with a panel which will have the job of 
slowing the exchange of environmental humidity 
and offer a significant protection to the painting. 
With this last touch, the treatment of the panel will 
be concluded, making a positive transition between 
the phase of restoration and that of preservation.
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Painting in Pisa in the Duecento:
Observations on artistic technique

†Maria Luisa Altamura, Roberto Bellucci, Ciro Castelli, Marco Ciatti,
Cecilia Frosinini, Pierluigi Nieri, Mauro Parri, Eleonora Rossi,
and Andrea Santacesaria

Introduction: Problems of technique and of method

We received an invitation from our Pisan friends 
and colleagues to contribute to the catalogue of 
the exhibition Cimabue a Pisa1 with an essay on 
artistic technique both with great enthusiasm and 
with apprehension about not being up to such a 
difficult task in a short timeframe. However, the 
opportunity appeared too attractive to be missed 
and we did not want to be discourteous by declin-
ing. Therefore, we tried to follow a path that would 
allow us to reach some conclusions, albeit in a lim-
ited way, but that would not presume to exhaust 
the vast subject, but rather sow some seeds that 
could be cultivated more in the future. The re-
search project therefore foresaw examining and 
gathering data on a limited number of artworks, 
chosen among those included in the exhibition 
so as to be sufficiently representative of the dif-
ferent artistic personalities. Given that the scope 
of research was to identify characteristics of the 
execution technique and not a systematic study of 
each single painting, some kinds of analysis, such 
as x-radiography and infrared reflectography, were 
not carried out as blanket procedures, but only on 
significant areas, after a preliminary examination. 
For this reason, the title of this contribution does 
not refer to a systematic identification and cata-
loging of techniques used in all Pisan painting of 
the Duecento, but rather to some findings that we 
hope can define the challenges that can be delved 
into further in the future.

At this point, we want to offer two clarifica-
tions on why, in our opinion, this type of study is 

so difficult to do and also why an institute of con-
servation and restoration such as the Florentine 
Opificio has such great interest in research on ar-
tistic techniques. An average museum visitor, and 
many of our art historian colleagues as well, might 
believe that the problem of correctly identifying 
an artist’s technique is almost trivial and that it is 
done with an easy visual assessment that can fre-
quently be reduced to a few words like “tempera 
on panel” or “oil on canvas.” In reality, the problem 
is much more complex and nuanced. Experience 
teaches us that we must avoid simplifications and 
individually confirm each case even for what we 
think we already know because it is not uncom-
mon to uncover distinctive traits or significant 
variations. The variety of painting schools through 
the centuries in Italy obviously lays the ground-
work for the possibility of wide technical variety, 
but we have to keep in mind that for each artist, 
the technical choices are directly correlated, in an 
inseparable manner, to the expressive effects that 
are intended. Thus, even in a homogeneous tech-
nical tradition, the single artist is capable of using 
the same materials in slightly different ways in or-
der to create specific formal and stylistic effects.

To this basic difficulty, we should add those 
that derive from the scarcity of studies produced 
in Italy on this theme which has instead been 
studied more carefully internationally. It is obvious 
that a substantially idealistic turning point in 
art historical studies in Italy contributed to this, 
often offering a refined reading of stylistic and 
expressive values without addressing the artwork’s 
material nature. In the international sphere, 
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Structural Conservation of Panel Paintings at the OPD in Florence: Method, Theory, and Practice

62

however, the nineteenth-century positivism for 
the multifaceted, polyvalent reality of the work of 
art created a greater tradition of attention for these 
material qualities. The beginnings of a technical 
literature including that for Italian paintings can 
be traced back to Eastlake and Thompson while 
to Merrifield can be ascribed the assembly of the 
first and fundamental collection of treatises on 
medieval art. This entirely Italian, partial disinterest 
sometimes led to an art criticism that evaluated an 
artwork in an abstract manner, as if it were only 
a two-dimensional photograph, detached from its 
context both in the sense of its original historical 
environment—for which, though, we have the 
support of document-based historical research 
that is well-represented in Italy—and in the sense 
of its material creation. The misunderstandings 
and the incomplete assessments resulting from 
this approach are apparent to anyone and have 
recently received more than one revision.

The theoretical approach of our group, 
while not backsliding into the naïve, positivistic 
determinism of Semper who saw stylistic evidence 
as a consequence of material requirements, 
proposes a discrete re-assessment of technical 
aspects in the context of a more systematic reading 
of the artwork. We see a painting as made up of a 
series of materials produced according to specific 
technical methods, as well as values, meanings, and 
content that are instead intangible, and to which 
the artist and the passage of time has added layers. 
The two moments are, therefore, not separable, 
just as the substance and image are not, according 
to the theory of Brandi, in as much as the values, 
the meaning, and the content that we admire 
so much in the artworks achieve fruition only 
through their constituent materials with which 
they are indissolubly linked. The material form is 
therefore the location—to put it in the noble terms 
of the Sienese scholar—of the epiphany of the 
image. This brings us to consider very carefully the 
materials themselves, especially for those focused 
on preservation, in that each change, limitation, or 
loss of the material must immediately, and without 
the possibility of reversal, mean an alteration, a 
limitation, and a loss of the values of the artwork 
itself. This coexistence of many, diverse series 
of significances is at the root of the ambiguity 
in reading a work of art that contributes to the 
fascination that it exercises on each of us. In this 
accretion of materials, we find the values, the 
significance, and the content of a defined historical 
moment concretely represented, in substance the 

expression of a society that we read not only in 
scholarly pages, but that we observe in its physical 
concreteness.

Therefore, this complex nature of a work of art 
leads to the possibility of applying many different 
keys to reading it, each one of which highlights an 
interpretive layer: thus we have a reading connected 
with the application of an artistic technique; a his-
torical reading in which its reality is defined by a 
patron, a workshop, and the viewer; a formal and 
stylistic analysis of the whole made up of shapes, 
lines, and colors; an iconographic analysis of the 
forms that the content has assumed; and so on, as 
many readings as there are critical trends. As semi-
otics would say, it is a signifier with many meanings.

Therefore if we intend on arriving at a correct 
reading of this object from the many possible inter-
pretive angles, it is evident that we can not privilege 
some to the detriment of others, imposing a hier-
archy on their relationships. Only an analysis con-
ducted simultaneously using most of these meth-
ods can provide us with the fullest understanding of 
the artwork. In this sense, research on artistic tech-
niques—though complex and difficult in part be-
cause it requires the use of varied instruments and 
specializations—can certainly not be considered 
secondary and it is a merit of this initiative of our 
Pisan colleagues to have also included this aspect 
in their project, which aims at last at furnishing a 
well-rounded historical reading of Pisan painting of 
the Duecento.

Some might think it strange that the Opificio, 
dedicated institutionally to conservation and resto-
ration of works of art, has such a great interest in 
research on artists’ techniques. Therefore, I would 
like to clarify the reasons and explain that it is not 
a secondary aspect, but is of fundamental impor-
tance. The theoretical tradition of the Italian school 
of conservation holds that restoration—before be-
ing a collective series of more or less complex and 
delicate technical procedures—represents a mo-
ment of encounter between subject and object, and 
therefore of understanding and interpretation. As 
we have already mentioned, we see the constituent 
materials and the intangible values as simultane-
ously present in the artwork: only from the most 
thorough understanding of each can the elements 
be found that determine the choices that lead to the 
development of a restoration plan together, natural-
ly, with some general theoretical guidelines. There-
fore, a restoration should have two purposes that 
converge and unite in the treatment plan: on one 
hand ensuring that the constituent materials can 
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continue to survive through time without altera-
tions that change their natures; and on the other, 
that the artwork can communicate to the viewer in 
a faithful way all of its values, meaning, and con-
tent. In order to completely fulfill these purposes, 
knowledge is the indispensable starting point. Spe-
cifically, knowledge of materials and techniques can 
allow us to understand the functioning of these ex-
traordinary apparatuses, born to carry out various 
functions, but substantially to communicate their 
content to the viewers of their times and that we 
read today loaded down by further historical prop-
erties. Along with the interpretation of intangible 
factors, the basic information for setting up a con-
servation plan includes the materials, their method 
of execution, and their behavior over time, both in 
relation to aging in the environment in which the 
artwork is preserved and the effects from preced-
ing human actions, carried out for the purposes 
of restoration or other reasons. This is exactly why 
a laboratory that deals with the conservation and 
where necessary, the restoration of works of art has 
its obligation first of all to understand as clearly as 
possible how these are made, with which materi-
als and techniques, and how these are connected 
to producing expressive properties. This is the only 
way to have the tools to make that journey of con-
tinuous and successive choices that constitutes the 
activity of conservation.

If we ask ourselves which tools we should use 
to reach the desired level of understanding, we can 
list the specific literature of research on artists’ 
techniques, though rather limited in Italy for rea-
sons already explained, supplemented by gleaning 
what we can from publications on restorations of 
individual artworks; medieval art treatises with 
the necessity of interpreting and contextualizing 
them so as to not risk historically untenable ideas; 
and finally the works of art themselves. These 
objects are true documents of themselves and of 
the technological culture of the environment that 
made them and they can reveal a lot of informa-
tion if properly queried. In this regard, besides 
meticulous visual observation with various aids, 
technical analysis provides consistent support for 
us today: above all methods using light of various 
wavelengths which do not require invasive sam-
pling procedures, those being in any case destruc-
tive, independent of the way in which the analysis 
is conducted on them. Over the last twenty years 
our laboratory has sought to develop these non-
destructive techniques and especially to make 
them part of daily operations.

In establishing these firm methodological 
points, we don’t pretend to claim something new: 
we contribute to developing an approach that our 
predecessors in this field already had. We cannot 
omit, in fact, the numerous studies and keen inter-
est that Ugo Procacci, the founder of the Labora-
torio di Restauro dei Dipinti, and active until 1932, 
demonstrated in research on artists’ techniques. 
As everyone knows, it was his research that shed 
light on the technique of fresco painting through 
some famous exhibitions and publishing initia-
tives, and that he reintroduced the close reading 
of the text of Cennino Cennini’s treatise on art as a 
guide for the interpretation of fourteenth-century 
Florentine painting.2 Even for Procacci, however, 
the interest in artistic technique was not isolated, 
but combined in a usefully synergistic way with 
conservation. It is enough to reread his writings in 
the introductions to some of the periodic exhibi-
tions on restoration organized by the Soprinten-
denza, quite appropriately, as a public accounting 
of the activities carried out by the Laboratory, or 
rather the more detailed reports at the restoration 
conference held in Pistoia in 1968, in order to un-
derstand how grasping the inner workings of art is 
the basic foundation for the concrete tasks of res-
toration.3 His capacity to effectively put together 
the results of research using historical documents 
in archives with a detailed knowledge of the heri-
tage spread across the territory when it still had 
a real sense, along with an understanding of art-
ists’ techniques laid the foundations for one of the 
most exemplary and effective periods in the his-
tory of conservation in our country.

Umberto Baldini, who inherited the facilities 
and the approach, developed and updated it 
repeatedly, establishing the foundations for his 
actions on two pillars: one being the method, that 
is the methodological rigor derived from a study 
of the Italian theory of restoration, and the other 
science, seen as the best tool for investigating 
the physical reality of the artworks4 as was 
reiterated by the title of the famous exhibition 
of 1982. And since that time, the laboratory at 
the Fortezza has favored the progressive changes 
in the world of science and technical analysis, 
enjoying continuous collaborations with the 
research institutes developing these. One of the 
undeniable historical merits that Umberto Baldini 
was recognized for, at a national level at the least, 
was transferring this methodological approach 
and use of the latest analytical techniques to the 
other fields of restoration brought together under 
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Another fundamental milestone was in the 
catalogue of the exhibition Le muse e il principe: 
Arte di corte nel Rinascimento padano of 1991 at 
the Museo Poldi Pezzoli, Milan, in which, for the 
first time, technical examinations were not linked 
to the execution of a restoration treatment.8 Since 
then, there have been many occasions in which 
the laboratory has concentrated on investigations 
tied to artistic technique, both within practically 
all our restoration treatments, and for indepen-
dent projects.9 It happened that it is exactly that 
technical analysis, both in terms of history and 
that of the materials, that brings us to, as in the 
case of the Madonna of Santa Maria Maggiore in 
Florence, a totally new assessment of the artwork 
with serious consequences for chronology and the 
history of art, in part connected with the themes 
presented on this occasion.10

After this methodological preface, so impor-
tant to us for underpinning the role and mean-
ing of our contribution, we must approach the 
specific characteristics of the research case that 
has been proposed to us by our Pisan colleagues 
which has raised so much interest. Art in Pisa in 
the thirteenth century, or rather beginning in the 
last decades of the previous century, played an 
essential role for the entire regional and national 
artistic development. As has been highlighted 
by historians over time, the arrival of a series of 
influences from Byzantine painting brought a 
renewal to the expressive language with respect 
to the local Pisan and Lucchese traditions, rep-
resented by a series of painted crucifixes still 
present in the two cities (especially the Luc-
chese one of Sarzana restored at the Opificio11) 
and to the oft-pointed out, mysterious Roman-
Umbrian strain that is never critically defined.12 
This renewal seemed to consist of, above all, a 
decided accentuation of the suffering aspect of 
the figure of the crucified Christ in service to 
the diffusion of the new mendicant orders and 
those of the Franciscans especially, in which the 
precocious worship of the founding saint began 
the phenomenon of an “icon-narrative” in which 
the main figure is surrounded by episodes from 
his or her own legend which was influenced by 
examples that were still Byzantine but were es-
sentially unprecedented in Western painting. 
According to a simple diagramming typical of 
a certain art history that seeks to organize the 
complexities of history, all of what happened in 
the early thirteenth century achieved its apex in 
Giunta Pisano, from whom spring the champions 

the institutional auspices of what has become 
the Opificio since 1975. In the field of the study 
of artists’ techniques one of the most interesting 
contributions produced by the Fortezza Laboratory 
under the direction of Baldini is found in the 
catalogue of an exhibition not of restoration, but 
of typical art history. This is Raffaello a Firenze of 
1984, in which the section allocated to the Opificio 
was dedicated not only to presenting the finished 
work, but to a technical study on ten paintings by 
the artist, still thought of today as essential sources 
for any further research.5

This author has tried to understand the value 
and meaning of this aim of the Opificio and has 
sought to encourage its development in all of the 
more recent occasions in which the institute has 
been involved, alongside the requested restora-
tion treatments, beginning with the exhibition on 
Andrea del Sarto at the Palazzo Pitti in 1986.6 On 
that occasion, reaffirming the loyalty to the stated 
approach, the conclusion was that “besides the cel-
ebratory occasion, the Florentine tradition of resto-
ration can be thought of not only as techniques of 
conservation, but also as a crucial moment of criti-
cal understanding.”7 Since then, the Opificio has 
sought to enhance this aspect of its activity for dual 
purposes, for research and for the benefit of con-
servation, always built into the scope of the project.

1. Saint Francis and Stories from his Life, Museo di San Matteo, 
Pisa. X-ray image showing a detail of the wood support. A cavic-
chio (tapered dowel) is visible near the margin of the gable and 
the continuity of the wood grain reveals the technique of carving-
out the panel to make the frame. The original nail shanks that 
anchored the perimeter crossbars to the support and the modern 
screws that secure the current ones are also visible.
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more naturalistic effects with chiaroscuro and the 
volume of forms with the aim of evoking greater 
pathos from the whole. This is, in turn, not by 
chance connected to the iconographic shift from 
the Christus triumphans with all of its mysterious 
links with the Lucchese Volto Santo to that of the 
Christus patiens.

Luciano Bellosi’s monograph on Cimabue 
presents a critical step in the modeling of the 
limbs of Christ in the passages of his early Arezzo 
Crucifix, still based on Giunta’s prototype, com-
pared with that of Santa Croce.14 And in the cata-
logue in which we presented the Madonna of San 
Giorgio alla Costa after the restoration of 1995, it 
was stated that a similar transformation was seen 
in the drapery passages using an incredible weav-
ing of light and dark brush strokes to construct 
the robes of the Madonna three-dimensionally.15 
In a later companion study to the restoration of 
the Crucifix of Santa Maria Novella, there was an 
attempt to trace these changes across the span 
of the entire Florentine Duecento: from the be-
ginning with the Casale Madonna with liquid 
passages and graphic stylization, both in the 
flesh tones and in the drapery; to that with the 
new, blended paint application only in the flesh 
tones as in Meliore, the Master of Saint Agatha, 
and Coppo again; up to Cimabue and the young 
Giotto when the process of achieving natural-
ism reached its height.16 Thus, the role played by 
Pisan painting in this context at the beginning 
of the thirteenth century may have been essen-
tial, receiving new Byzantine influences and de-
veloping the implicit possibilities, perhaps with 

of the renewal of Italian painting, Cimabue and 
Giotto, each one overtaking his predecessor. For 
a long time and in other venues, I have reflected 
on some points that seem particularly meaning-
ful.13 The first consists of investigating if these 
new influences that arrived from the great artis-
tic school of the Christian East consisted only in 
stylistic and expressive elements, or rather if they 
involved also the technical means of execution. 
In this sense, the enormous technical distance 
existing between the cited examples of painting 
in the twelfth century and the more well-known 
painting of the second half of the thirteenth cen-
tury can, in some way, be explained. In fact, we 
have found in the Crucifix of Sarzana and, cur-
rently, in that of the chronologically similar one 
of Rosano, some common attributes: the struc-
ture of the support is made of chestnut wood and 
the preparation layers use a fine-weave linen and 
very thin ground layers of gesso and glue, so care-
fully prepared so as to allow for the application of 
gold leaf with a water-gilding technique that did 
not require bole, which later on became obliga-
tory.

On reflection, it is clear that the bole contrib-
uted in two ways: besides its structural function, 
it had an aesthetic value as a colored underlayer 
and therefore its absence is connected to the simi-
lar lack of other colored underlayers that then 
became common later on—the most famous of 
which is the verdaccio under the flesh tones. It is 
difficult to determine when these two elements 
were introduced into Tuscan painting, but it is 
certain that in Pisa, Giunta and his circle contrib-
uted to establishing them and this practice then 
appears in Florence with Coppo and Cimabue. But 
where does this new way of working come from 
and what expressive meaning does it convey? 
Even the density of the paint layers, aside from the 
quality of the preparation, seems to vary both in 
consistency and in method of application. In the 
paintings of the twelfth century, the paint is thinly 
applied, without much body, and quite analogous 
to that of contemporary illuminations. Its appli-
cation is often area by area, with a clearly, quite 
liquid consistency allowing for uniform coverage. 
In the following century, what appears is instead 
a denser paint with more body that calls for and 
allows application with the tip of a fuller, blunter 
brush, used first only for flesh tones. The purpose 
of this is the gradual shift from a schematic paint-
ing that relies on a structural assembly of graphi-
cally drawn elements to one that seeks to obtain 

2. Giunta Pisano, Crucifix of San Ranierino, Museo di San Mat-
teo, Pisa. X-ray image of the overlap between the vertical body 
and the horizontal arms made with a half-lap join.
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is not linear nor synchronous and the influences 
and the relationships are linked in such a way as to 
only allow the identification of trends.

One defining role of great interest for our re-
search is the great Crucifix Number 20, from the 
Monastery of San Matteo, hypothetically situated 
just at the beginning of the Duecento, as an ex-
ample of exactly this Byzantine influence, even 
suggesting the contribution of an Eastern painter. 
In partial contradiction with the clear stylistic and 
iconographic innovations that are present in this 
painting is the use of a ground layer applied over 
a thick parchment (or even sometimes leather ac-
cording to Theophilus in his treatise17). This refers 
to a practice seen in Italy, for example, in the “Al-
berto Sotio” Crucifix in Spoleto of 1187 in which 
the Byzantine influence is certainly absent, and in 
Germany in the panel of Aschaffenburg or in other 
rare examples of the twelfth and thirteenth centu-
ries. As mentioned, the Pisan Crucifix Number 20 
poses the question of whether there were Eastern 
artists actually working alongside local craftsmen: 
in a city with commercial relationships like Pisa 
this possibility can certainly be entertained, just 
as the importation of paintings made in those ar-
eas and brought back as prizes for the most varied 
devotional reasons. One example, in my opinion, 
could be that of the so-called Madonna di sotto gli 
organi for the typological and stylistic characteris-
tics of the composition as a whole. This is an opin-
ion based on simple visual assessment, as it is not 
possible to examine the painting from a technical 
point of view which I hope will be possible during 
the course of the exhibition itself.

The question of chronologically placing the ar-
rival of these new Byzantine influences also seems 
to require a different manner of interpretation 
than what has happened so far. Some paintings 
with these qualities were already present in the 
last part of the twelfth century: the miniatures of 
the Bible of Calci dated 1168–69, or the relief of 
San Michele degli Scalzi, like the aforementioned 
Madonna of Santa Maria Maggiore of Florence, 
now dated to the last quarter of the twelfth cen-
tury, clearly shows the acceptance of this new 
current along with the last appearances of the 
previous phase. In Pisa, the transition was in any 
case swift, and therefore the overlap was limited, 
while in Florence, with less exposure, the process 
demanded longer periods, arriving at completion 
only with Coppo, leaving the two lines to coexist 
for almost a century, creating misunderstandings 
for those who still try to organize the surviving 

partly original intention, in keeping with the new 
expressive demands that were just then finding 
their highest achievements in Pisan sculpture.

It is therefore important to understand if this 
working hypothesis is realistic and this is one of 
the themes tackled in depth in the following es-
says by Maria Luisa Altamura, Roberto Bellucci, 
Cecilia Frosinini, Pierluigi Nieri and Eleonora 
Rossi: the presence of traditional, local elements 
mixed with Byzantine innovations is rather broad 
and variegated and seems to echo, in the few cases 
examined, a lively melting pot in which differ-
ent practices and artistic techniques are mixed 
and contrasted, often with varied and diverse 
results. What is certain is that the solution that 
Giunta Pisano offers (though he is not identified 
as the author of the Saint Francis which appears 
more archaic and very different technically) will 
become dominant and spreads beyond Pisa, also 
thanks to his role in Assisi and Bologna in defin-
ing the painting criteria that will be followed up 
until the 1280s when Cimabue first and next the 
young Giotto will make further steps forward. All 
this though does not follow chronologically syn-
chronized movements. The material events that 
the paintings and the human protagonists may 
have experienced in large part cannot be recon-
structed today, but what is revealed shows a cross-
over of archaic techniques that reappear in later 
works of art. For example, consider the use of an 
integral frame carved out from the panel, or the 
use of gilding without bole in the Florentine mi-
lieu that survives up to the Master of Saint Agatha 
in the great panel of the Brancacci Chapel of the 
Carmine, the Madonna del Popolo. The evolution 

3. Crucifix no. 20. Museo di San Matteo, Pisa. Infrared reflec-
tography of the right hand of Christ shows the careful drawing 
that defines the fingers of the hand and the outline of the blood.
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artworks. An artwork was not just seen as having 
the intrinsic value of artistic quality but in an in-
strumental sense as a devotional or liturgical fur-
nishing, if not as already mentioned, as an object 
of worship. In the first case, it was transformed, 
adapted, and even substituted in relation to its 
greater or lesser capacity to fulfill the function to 
which it was called. And from here repainting fol-
lows, and iconographic and dimensional changes 
of all kinds are often seen. The fierce desire to pre-
serve the material itself is found in the case of the 
Crucifix of San Pierino, a further example of its 
having intrinsic value as a reliquary and not only 
instrumental value as a painting and further illus-
trating for us the sense of that procedure.

In light of this, it appears even more difficult to 
understand the recent and highly debated docu-
ment of 1179 attesting to the transfer of the Luc-
chese Volto Santo to the monks of Sansepolcro, 
that then concluded an impeccably conducted cri-
tique carried out by our late colleague Anna Maria 
Maetzke.18 The total substitution of the material 
with a replication of the image implies that this is 
only a representation and not an object of worship. 
Many years ago, the Opificio restored the small 
processional panel from the Museo dell’Opera del 
Duomo of Florence showing Saint Agatha on the 
back by the thirteenth-century master who takes 
his name from this, and on the front, she is repeat-
ed in exacting detail, though without concealing 
the style of a painter of the early fourteenth cen-
tury, perhaps the work of Jacopo del Casentino. 
In this case, there is not a substitution, but a re-
portrayal. Of course I asked myself many times if 
these paintings were separate, and if the older one 

artworks according to a single, logical, develop-
mental progression.

Seeing that the Madonna of Santa Maria Mag-
giore has been brought into play, we can pause to 
consider one of the themes that this represents: the 
double value of the image in the Christian world as 
the depiction of a sacred figure and of the object 
of worship itself, and in this case, connected to the 
relationship between the images, or the painting 
in our case, and reliquaries. This is obviously a 
much broader and more complex topic that can be 
mentioned only briefly here but that immediately 
becomes clear when observing the extraordinary 
discovery by the restorers of the Soprintendenza of 
Pisa, Eleonora Rossi and Pierluigi Nieri, and which 
makes the entire exhibition worthwhile. The find-
ing, relating to the painted Crucifix of San Pierino, 
whose unusual shape, never before explained, now 
seems to be because, in the Duecento, an old cru-
cifix was embedded in a new one; evidently the 
former was of such value as to make them want to 
preserve it with this unusual procedure, just as if 
it were a relic. Let’s ignore, for now, the historical 
reasons for this, but some thoughts come to mind 
on the value of a mysteriously incorporated object 
inside of another, and this practice of medieval 
“preservation.” Some famous medieval crosses 
have been shown to have hosted reliquaries: from 
the Crucifix of Gero from the Cologne cathedral of 
the tenth century to the aforementioned “Alberto 
Sotio” Crucifix of Spoleto. Therefore, if our paint-
ing had contained a reliquary, it is well understood 
how by means of the transitive property of the 
value of the reliquary and with its contact, it made 
that which was around it equally miraculous. In 
this way, the earlier one could be saved and trans-
formed into a new artwork. On the other hand, 
the will to preserve the object of worship, even if 
ragged and worn, is the reason why some of these 
precious fragments of early medieval painting, as 
well as Paleochristian like some Roman Madon-
nas, have survived until now. This is also why, in 
the full Counter-Reformation, the preserved frag-
ments, often of early faces, were inserted into can-
vases made and painted for them, so as to create 
a style that has involved the partial presentation 
of artworks that were nearly undamaged such as 
the Crucifix of Sarzana, whose face was revealed 
in the opening of the Solimena canvas made for 
it. The concept of preservation and restoration 
was, moreover, very different in the Middle Ages 
compared with our times in direct relationship 
to the different concept of meaning and value in 

4. Crucifix no. 20. Museo di San Matteo, Pisa. Infrared reflec-
tography of the face of Christ shows the first placement of the 
eyes that are lower with respect to those painted afterward.
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it without a qualm, as in the case of the polyptych 
of Pietro Lorenzetti in Arezzo, whereas elsewhere 
it is the painter who heavily modifies it to adapt 
it to his needs, as with Giotto and the Crucifix of 
Santa Maria Novella. What were the planning ca-
pacities of the carpenter and painter, how did they 
interact, and how much in relation to the design 
vision of the figure who we tend to forget, that is, 
the patron who commissions the craftsmen and 
artists and who more or less decisively influences 
the work?

In the course of the twelfth century, in Tuscany, 
we are increasingly seeing the importance of the 
choice of chestnut wood as a standard for its 
sturdiness, while in the following century, poplar 
became the wood most commonly employed. To 
what do we owe this change and when can we 
detect the first signs of it? In the construction 
of more complex supports and those of larger 
size like the painted crucifixes, chronological 
variation as well as local differences are assumed. 
Among the first we noted, for example, was the 
peculiarity up to now seen only in Lucca of the 
two horizontal arms planned as separate pieces 
inserted with joins into the central weight-bearing 
body. Instead, we noted a kind of chronological 
development in the shift in preferences for the 
join between horizontal arm and vertical using 
continuous panels, in that the horizontal element 
in front was the continuous surface or vice versa as 
seen, for example in the progression from the one 
of San Domenico in Arezzo (and that of Giunta 
with the cited structure), to that of Cimabue in 
Santa Croce of Florence. The interest is not only 
structural: in both cases, due to the inevitable 
contrasting movement of the panels, there will be 
aesthetic consequences that are easily foreseen. In 
the first case, the separation between the planks 
created a prominent horizontal crack through 
the center of Christ’s torso while in the other, 
the disturbing separations ran through the arms 
vertically. Therefore, it was not only an issue of the 
panel structure, but it affected the aesthetic result. 
As mentioned, late Cimabue and Giotto chose the 
second option, establishing a standard that would 
be frequently followed. But what was the situation 
between the twelfth and thirteenth century in 
the productive and lively hotbed that was Pisa? 
Without revealing the conclusions of Ciro Castelli, 
Mauro Parri, and Andrea Santacesaria, it seems 
to me that the most interesting aspect has been 
finding all the various options used over a span of 
time that show how they were not choices defined 

had been lost, what art historical evaluation would 
be applied to the second painting, deliberately 
based on an older one? And if this was possible 
in the medieval period, how many other cases are 
there that we don’t recognize, and instead we try 
to organize these by mere stylistic analysis. Even in 
Pisa there were probably particularly prestigious 
examples, Eastern icons from Constantinople of 
great devotion and true archetypes to follow, high-
ly sought after and acquired with their weight in 
gold during the commercial exchanges of the late 
Comnian period, or afterwards re-purchased after 
the great sack of the Crusades in 1204 from some 
mercenary. Archetypes and replicas can bear the 
same pictorial technique and contribute to spread 
new practices, or the precious exemplum can be 
revived with a more familiar manner: here infi-
nite possibilities are created with combinations of 
technique and stylistic choice that cannot be en-
tirely resolved.

There are other technical elements that will be 
subject to critique in the following pages that have 
drawn our attention. One of these is represented 
by the analysis of the construction method of the 
wood supports that has so enthused the Opifi-
cio in recent years: from the choice of the type of 
wood, to the way it is put together.19 The topic is 
interesting, but it requires some clarification: the 
first is that the work of a different professional 
character is represented here: that of the carpen-
ter or woodworker (legnaiolo) who certainly inter-
acted with the painter, but to an extent that is not 
entirely clear. From documents and from results of 
research on the paintings, we can see that some-
times the patron is the one who supplies the paint-
er with the already-made support and he accepts 

5. Crucifix no. 20. Museo di San Matteo, Pisa. Infrared reflec-
tography of the right arm of Christ shows the changes that 
were made while the painting was underway that modify the 
anatomy of the arm.
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attributed to Meliore, but for this writer, from the 
first half of the century, and even in the Madonna 
of Santa Maria Maggiore. Of course it would re-
quire a census taken over a much broader sample 
to arrive at and establish the relationships and 
connections, but the findings that we present here 
begin to furnish some concrete elements for con-
sideration. In the famous panel of Saint Catherine 
of Alexandria with stories from her life, even the 
first visual assessment by our late colleague Maria 
Luisa Altamura detected a remarkable difference 
between the execution technique of the stories 
on the two sides, so much so as to suggest, in my 
opinion, the presence of two different hands. It is 
difficult to understand how the head of the work-
shop given this task would not have obliged all the 
craftsmen to respect certain technical standards, 
but certainly the evidence is irrefutable.

In the initial consideration of the tools 
available to us for the study of artistic technique we 
include, among others, the medieval art treatises. 
Among these, the most famous and often cited is 
that of Cennino Cennini, and rightly so, for the 
richness of its detail. This means that often it is 

by a kind of evolution, but as various possibilities 
available to the discretion of the craftsmen. This 
is another aspect that would confirm Pisa in the 
role of a highly creative artistic center as can be 
inferred from many different factors.

Another technical issue of great importance 
is the way in which the composition, worked out 
elsewhere, is transferred to the prepared panel: 
transferred or drawn freehand, using brush, chalk, 
incised lines, etc. and what is the technique for 
that which today the English term underdrawing 
is used, which better renders its meaning with re-
spect to the term preparatory drawing, easily con-
fused with a drawn study made as an end in itself. 
This drawing is both the transfer of the design, but 
also the first stage of painting, and it will influence 
the entire pictorial result.

If, for the subsequent centuries, from Giotto 
onward, we have sufficient information to devel-
op hypotheses that contribute to the art histori-
cal studies of those same periods, for the earlier 
paintings we are only beginning to collect data and 
have the humility of supplying only a few answers, 
knowing the limits of our knowledge. Limits that 
may still be shifted with our quite sophisticated 
equipment, the digital scanning IR reflectogra-
phy, invented by the Istituto Nazionale di Ottica 
and developed with our laboratory, which can 
reveal materials that absorb infrared, in particu-
lar, carbon black. In some works from the twelfth 
century, like the Crucifix of Sarzana and the thir-
teenth century, like the Madonna del Popolo there 
is a linear drawing probably made with a brush, 
initially quite simple and almost always coincid-
ing with the outlines but that evolves to a more 
detailed, minute linear system for all the defin-
ing features of the figure, like the face, as seen in 
the Crucifix of Arezzo by Cimabue. This becomes 
the method by which the young Giotto will draw 
the figure of Christ in the Crucifix of Santa Maria 
Novella. From this, Giotto’s drawing will continu-
ously evolve, as already seen in the mourners in 
that painting, continuing in his subsequent works, 
as seen in the study dedicated to this.20

However, in the Duecento, the variety of meth-
ods and techniques available is always such as to 
mix up the cards for anyone who seeks easy sche-
matic solutions. In some paintings, the use of di-
rect incisions, normally used to separate the area 
to gild from the rest, is instead extended to areas 
inside the figures up to the point of defining the 
most minute features, as has been seen in the Dos-
sal in the church of San Leolino a Panzano, usually 

6. Crucifix no. 20. Museo di San Matteo, Pisa. Detail of the 
painted decoration of the halo of Christ.
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as mentioned, a mentality and many techniques 
that are quite different. Our considerations 
should also be extended to other even older 
technical sources, certainly not as broad and 
exhaustive, but sometimes more interesting. 
Heraclius and the already-mentioned Theophilus 
can provide us with some useful starting points, 
as in the already noted case of preparation layers 
incorporating parchment.21

We cannot avoid mentioning one of the draw-
backs that applies to everything described so far 
which is the lack of technical literature on Byz-
antine painting with enough content to present 
material for comparison in a relationship that we 
often hypothesize about, but with little objective 
comparative data. I think that one of the most 
interesting initiatives that the study of medieval 
techniques can take on would be a technical anal-
ysis mission with the appropriate equipment and 
specialists to study the very famous collection 
of Byzantine icons in the legendary Monastery 
of Saint Catherine of Sinai that begins with the 
fifth century. Since these were often given by the 
emperors of Constantinople, they are therefore 
quite representative of the principal trends of 
that kind of painting. The fallout of useful knowl-
edge not only for that artistic school, especially 
rich in iconographic interpretations but also for 
the understanding of Italian medieval painting 
would be in my opinion, incalculable.

This exhibition in Pisa presents the most fas-
cinating proposal of new attributions to Giotto 
of two small panels coming from a church in 
Livorno whose provenance has not been possible 
for now to reconstruct. Seeing the interest and 
the results achieved by the Opificio on the works 
of this artist, we can’t avoid trying to offer an in-
formed contribution on this topic, even if it is far 
from the main theme. The information derived 
from this first analytical campaign is presented 
next, but it seems important to note that, from 
a strictly technical point of view, nothing con-
tradicts that attribution as the materials and the 
techniques used are consistent with that of the 
Florentine artist.

Of course, I understand that the problematic 
areas highlighted here on various themes under 
discussion risk being more extensive than the 
answers that we can try to formulate in the 
following pages, but the overall value of this study 
is to put the questions into focus and to start to 
whittle away at the material, establishing some 
clear and objective technical information and 

used as a key to reading any medieval painting, 
sometimes producing misunderstandings or 
misconceptions. In reality, each treatise should 
obviously be contextualized, in that beyond its 
representative value in a general sense, each 
one has a greater meaning when seen within the 
historical context in which it was produced. Thus, 
Cennini is perfect for understanding technique 
in paintings from Giotto onward in that he 
presents the achievement of a new technical 
and organizational framework that Giotto put to 
work, simplifying and optimizing the variety of 
production processes existing before him in his 
highly organized workshop that set the standard 
for the Florentine School for more than a century. 
Additionally, Cennini is certainly helpful for an 
understanding of the characteristics of many 
materials that have continued to be used by 
painters in each century until industrial products 
became available. This, though, cannot be the 
key to interpreting the paintings of the centuries 
that we are addressing here, that show instead, 

7. Saint Francis and Stories from his Life, Museo di San Matteo, 
Pisa. Detail of the decoration of the halo of the saint made with 
graining.
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Sarzana Crucifix. Pisa constitutes, therefore, an 
important crossroads of influences in central Italy, 
almost a composite preparatory phase for the 
construction that is codified in more established 
and geographically diffused forms from the end of 
the Duecento onward.

Delving into the specifics, we see that for the 
Pisan paintings, as for the Florentine and Sienese 
examples, the planks that are chosen are most often 
poplar and the cuts of wood are parallel and longi-
tudinal, of an average quality, and even thickness. 
Though poplar seems, from the limited number of 
paintings analyzed, to be the main species, exam-
ples such as the Crucifix of San Paolo all’Orto and 
that of San Pierino are made instead with chest-
nut. The assembly method is with butt-joins—this 
comes to define a specific characteristic for the 
assembly of planks to make painting supports—
and in the case of larger scale carpentry, we find 
the presence of tapered dowels (cavicchi) between 
planks in order to guarantee planarity during glu-
ing. The cavicchio inserted into the edges of the 
planks can be of remarkable length. The Dossal of 
Saint Catherine measuring 118 x 114 cm has, in 
fact, a hollowed-out channel of 24 cm, the Madon-
na of the Master of San Martino measuring 130 x 
163 cm has one of 23 cm. This is quite a different 
size from that present, for example, in the Crucifix 
of Santa Maria Novella by Giotto where the cavic-
chi are on average 15 cm long and the support is 
instead 530 x 400 cm. The same proportion dis-
crepancies are seen measuring the diameter of the 
cavicchi in the X-rays which can reach half of the 
total thickness of the support and not one-third, 
as in later examples. A more careful examination 
of the internal connecting elements leads us to see 
how the panel was assembled with whole planks, 
not preliminarily cut down, with trimming then 
occurring when the panels were put together. In 
fact, some cavicchi are present very close to the 
margins of the cut, as in the Story of Saint Francis.

The crossbar system is connected to the 
support by anchor points using nails distributed 
close to the ends of the panels. This would seem 
logically to correspond to an unwritten rule, typical 
of craft knowledge and detailed technological 
understanding of the materials and their behavior 
that we find among all the medieval craft societies. 
In fact, anchoring according to these criteria 
assured a greater support for the joins and allowed 
less range of movement for the planks to warp 
in the center. Additionally, an anchorage in the 
center of each plank can be considered almost a 

rendering further studies possible in the future 
for all those interested. It is therefore good that 
in the field of this new discipline that our Anglo-
Saxon colleagues call technical art history we 
sometimes limit ourselves just to supplying data, 
restricting to a minimum the guesswork that is not 
sufficiently supported, with the knowledge of how 
complex the material is that we are only grappling 
with recently.22 This introductory note can be 
closed here with the forewarning of our colleague 
Spike Bucklow: “So, no matter how sophisticated 
our examination becomes, our interpretation 
of the results will remain the critical factor. The 
willingness to accept ambiguity and uncertainty 
in the results of technical examination may be the 
sign of a maturing discipline.”23

Marco Ciatti

Research on the wood supports

The examination of even a limited number 
of wood supports of Pisan paintings from the 
twelfth and thirteenth centuries has identified 
very interesting details both in terms of the va-
riety found and for the specific techniques used. 
The general picture that emerges is that there 
was such a thorough understanding of materi-
als and their behavior that it suggests workshops 
specialized in painted wooden structures were 
already present the twelfth century. This always 
makes us think even more about how few paint-
ings have survived from that period—and as a 
consequence, how limited our knowledge is—so 
therefore, what has come to be considered the 
first painted cross, the Sarzana Crucifix, dated 
1138, should be located, at least mentally, within 
established technical expertise and practices. A 
limited literature that deals with the history of 
wood technology24 confirms this, describing the 
high degree of quality reached around the year 
1000 by furniture craftsmen in Southern Europe, 
especially Italy. We must take advantage of this, 
given that panel painting examples from before 
1138 are almost all lost.

Furthermore, it can be stated that the paintings 
examined on this occasion belong in large part 
to the same structural traditions found in the 
Florentine and Sienese areas, distinguished though 
by some significant details; and furthermore, that 
these reflect methods present for example in 
the oldest panels of the Lucchese school like the 
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areas though that can’t be seen.
In our examination of Pisan structural tech-

niques, we see additional construction details that 
may be specific to the Pisan area such as the thick-
ness of the crossbars: with respect to those pres-
ent on Florentine supports, Pisan ones are slightly 
narrower though with a sturdier thickness. The 
type of nail is also slightly different that that used 
in Florentine supports—it appears to have a small-
er, more rounded head. These structural features, 
therefore, can be hypothetically considered to be 
characteristics of local woodworkers. Further-
more, in light of this, other interesting observa-
tions previously made on the support of a painting 
by Giotto for the Pisan church, that is the Stigma-
tization of Saint Francis today in the Louvre, can 
be re-read in a contextualized way. These include 
the analogous characteristics of the support con-
struction. This reflection could lead, when further 
substantiated by more thorough research, to the 
interesting possibility that the Giottesque paint-
ing may have been made in Pisa and not therefore 
made in the Florentine bottega of the artist, differ-
entiating it within the oeuvre of Giotto with these 
structural findings.

In examining the construction of the individ-
ual supports, we will consider them according to 
category beginning with painted crosses and then 
looking at panels. When we examine the sup-
port of the painted crosses, varied construction 
methods are seen and it is anything but codified 
or dependent on fixed rules. We can categorize 
the structure of the crosses according to their di-
mensions. In fact, we see in the small crosses, like 
that of San Ranierino and the Processionale, the 
junction between body and arms is made with a 
half-lap join so as to obtain, in a simple way, good 
mechanical stability.

In the larger crosses, we find the arms are at-
tached the body with mortise-and-tenon joins. 
We have encountered similar structures in the 
Lucchese crosses like that of Sarzana and in the 
Crucifix of Villa Guinigi in which the independent 
arms were sustained by a join, by resting on side 
strips about 10 cm wide, and by the support on the 
back of a single horizontal crossbar placed along 
the central axis of the arms. In the Pisan crosses, 
the arms, inserted and joined as separate pieces, 
are sustained by supports (lateral extensions of the 
apron) of about 24 cm in the Crucifix of San Mat-
teo and/or by a double horizontal crossbar (see the 
examples of the Crucifix of San Matteo, Crucifix 
Number 15, and Crucifix of Santa Marta). The 

complementary defining feature of carpentry for 
panels found during the entire period from the 
twelfth to the first decades of the fifteenth century.

A protective layer of minium applied after 
the attachment of the crossbars was found in 
almost all the panels examined. This material 
has the function of aesthetic finish along with 
protecting the back of the support from attack 
by wood-boring beetles. Around Florence, it 
was often used in panels in the Giottesque era, 
among which are the Madonna di San Giorgio 
alla Costa, the Crucifix of Santa Maria Novella, 
the Madonna of Borgo San Lorenzo, and the Ma-
donna of Ognissanti. Earlier, we find an applica-
tion of a gesso and glue layer on the back with 
the function of protecting the support from 
fluctuations in relative humidity in the environ-
ment, forming an equilibrium between the front 
and back surfaces. Examples of this include the 
Crucifix of Sarzana and the Crucifix of Villa 
Guinigi from the area of Lucca, while Pisan ex-
amples include San Paolo all’Orto, and Crucifix 
Number 15, and a Florentine case is the Cruci-
fix of Rosano. In the Crucifix of Rosano, we even 
find a local application of minium on the inside 
of the join between arm and body and under the 
halo, with the scope of impeding insect attack 
in the structurally and mechanically significant 

8. Giotto(?), Deacon Saint, Church of San Jacopo in Acquaviva, 
Livorno. Infrared reflectography of the face of the saint.
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in uniformity of artistic technique introduced at 
the beginning of the Trecento and identified with 
the formidable presence of Giotto on the Italian 
artistic scene, the similarities with the structures 
of Florentine panels are clearly seen.

An example of similarities with the Florentine 
technique is the support of the Maestà of Deodato 
Orlandi which is made of a large central panel to 
which have been added strips along the sides. This 
choice, seemingly trivial, instead reveals a pre-
cise structural plan that gives precedence to the 
quality of the materials; in this case it attempts to 
reduce to a minimum the risk of seeing the join 
lines in pictorially important areas. Moreover, 
the two slender strips correspond to practically 
the width of the frame on the front. In Florentine 
and Sienese paintings, many examples of this con-
struction style are found, especially for polyptych 
panels.

The supports examined show a broad 
range that developed inside a tradition that 
became standardized into more clearly defined 
types towards the end of the Duecento. These 
represent a group that is shown to have 
exchanged influences with nearby regions such 
as the Lucchese, the Florentine, and the Sienese, 
that we can not precisely quantify or qualify. 
What it seems we can determine is that this 

carpentry present in paintings belonging to these 
two geographic areas differs substantially. In our 
estimation, the Pisan crosses, while maintain-
ing the construction feature of having arms with 
a central tenon, seek increased solidity thanks to 
a wider area of support in the form of the two 
wider lateral planks and a greater reinforcement 
from behind with the double crossbars. These 
measures, combined with the presence of parch-
ment in the Crucifix of San Matteo, make the line 
of the junctions between arms and body practi-
cally imperceptible with an aesthetic result that is 
certainly an improvement over the older examples 
already cited.

The Croce di San Paolo all’Orto is distinctive 
in part due to its being made of chestnut and hav-
ing an integral frame carved out from the panel 
itself. Additionally, the arms are made from a 
single unbroken plank that attaches to the body 
with a half-lap join, appearing continuous from 
the front side. Even if no part of them remains, 
the restraints on the back included a horizontal 
crossbar nailed along the plank of the arm in or-
der to hold it firmly against the vertical body.

The panels with a pointed gable, among which 
we can include the Madonna with Child of the 
Master of San Martino—which originally had this 
shape—along with the Saint Francis and the Dos-
sal of Saint Catherine, do not follow a fixed canon 
of construction. We can see how on Saint Francis 
and the Madonna of the Master of San Martino, 
the crossbars formed a perimeter framework with 
crossbars inside, as seen in examples of both Duc-
cio and Giotto. In the Saint Francis, the planks are 
positioned horizontally while the other two are ver-
tical. In the Dossal of Saint Catherine, the crossbars 
are linear and placed at the top and bottom near 
the edges, with one in the center. Furthermore, the 
frames of Saint Francis and of Saint Catherine are 
carved out from the panel, while that of the Ma-
donna of the Master of San Martino are made from 
strips glued and nailed onto the perimeter.

Other examples of the technique of the carved-
out support in the museum collection that were 
examined include the Deposition by Enrico di 
Tedice, the Madonna and Child of Santa Chiara, 
originally from the Convento of San Marco, in 
addition to the Croce di San Paolo all’Orto. As 
we will see later, this feature gives us a glimpse 
of a proximity to the Eastern icons where it is 
frequently present.

Proceeding to examine works in a later pe-
riod, likely already affected by the major current 

9. Giotto(?), Saint Nicholas of Tolentino, Church of San Jacopo 
in Acquaviva, Livorno. Infrared reflectography of the face of the 
saint.
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Pisa between East and West: Observations on 
artistic technique

The intersection between Byzantine art and 
Western or Latin art is one of the still unresolved 
knots in the history of medieval art. It is often 
circumvented through recourse to citation of the 
importation of objects from Byzantium, sporadic 
contacts through ecclesiastical or clerical travels, 
or the transmission of iconographic motifs and 
styles through the circulation of illuminated man-
uscripts and works in gold and precious materi-
als like ivories, enamels, etc. But if in the field of 
art history the question seems to still be open, still 
more it would seem to be the case for the study of 
artistic technique. This is for a sector that suffers 
from a delay in research because only in relatively 
recent times has it assumed the dignity of a his-
torical discipline, to use alongside of art historical 
studies. Another difficulty is that tied to the collec-
tion of information that necessitates skills, equip-
ment, and work circumstances (that of restora-
tion, for example) not easily accessible for those 
outside of a specific and quite narrow sector.

In the case of the relationship between West-
ern art and Byzantine art, the most interesting and 
problematic issue for which an answer might be 
found, based on the study of technique, would be 
that of addressing the possibility of the actual pres-
ence of Byzantine artists in Italy. How, indeed, can 
we distinguish between merely stylistic influence 
and a true contribution of different techniques if 
not on the basis of working methods and the use 
of different materials than those that can instead 
be included in the “Italian” technical tradition?

The traditional history of art, in fact, has never 
taken into account that the real working methods 
and the use of specific materials are not things that 
are easily learned simply by seeing an imported 
painting in a different cultural context. These 
“apparitions” can be as dazzling as you like, crucial 
for the history of taste and form, but an artist of 
the period would only have tried to imitate the 
formal aspect from reading the outside and would 
never have replicated procedures and specifics of 
technique. The shift from painting in tempera to 
painting in oil in Italy is a worthwhile comparison: 
the artists of the mid-Quattrocento were certainly 
struck by Flemish paintings that circulated in Italy 
and they tried in various ways to imitate the effects 
of light and of layering with glazes, but for decades 
an infinite series of mistaken attempts were made 
with uncertain results and frequent failures, 

Pisan tradition also reflects to a greater degree 
the influence of Byzantine techniques from a 
point of view of construction technology. In fact, 
the examples of the panels that are carved-out 
where the outer frame is carved from the solid 
whole, typical of this school, are rather rare and 
still not adequately understood within the study 
of artistic technique. This is a true structural 
category parallel to the most common one 
with an attached frame, and that likely contains 
within it values associated with the devotional 
significance of the image. Furthermore, as with 
Byzantine panels, this structural characteristic 
contributes to concretely establish the aesthetic 
quality of the painting in that the carved-out 
portion becomes the surface for the image and 
might not be perfectly geometric and planar but 
slightly protruding, so as to provide a greater 
visual impact for the sacred figures represented 
there. In Pisa, this type is more widely seen. 
Specifically, the Croce di San Paolo all’Orto is an 
exceptional case, both because for now it is the 
only cross made with this technique, and because 
it is made of chestnut. In fact, if it is true that this 
wood species was mostly used for supports in the 
twelfth century because of its good mechanical 
strength and resistance to wood-boring beetle 
attack, on the other hand, chestnut is a type of 
wood that is less workable than poplar especially 
with regards to cutting details and carving out. 
The fact that the frame was carved out from a 
solid panel made of chestnut highlights the 
choice as strongly deliberate and prioritizes 
other qualities than that of affordability and ease 
of working. It would seem almost that this is a 
patron’s “iconographic” choice that dominated 
and overrode the knowledge of the materials.

For some other paintings from different areas 
made with the carved-out technique, we can cite: 
from Siena, the Dossal of the Redeemer and the 
Madonna of the Big Eyes by the Tressa Master; 
in Florence, the Dossal of Saint Zenobius by the 
Master of the Bigallo Crucifix and the Madonna 
del Casale by the Master of Greve; some Roman 
icons like the Madonna Advocata of Santa Maria 
in Aracoeli, the Madonna Enthroned with Child of 
the Museo Civico of Viterbo, and finally the Badia 
Polyptych by Giotto.

Ciro Castelli, Pierluigi Nieri, Mauro Parri,
Eleonora Rossi, and Andrea Santacesaria
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with what is known of “Latin” art between the 
twelfth and thirteenth century to single out char-
acteristics related (and here possibility influenced 
by the Italian tradition) and specific features that 
can eventually be interpreted as “Byzantine,” if 
following the idea that has been put forward for 
some time now that the Crucifix was the work of a 
Byzantine craftsman who arrived in Pisa perhaps 
after the historic events of 1204.27

Naturally, in approaching the study of artistic 
technique, one premise should be that much if not 
all of the artistic production came about in the en-
vironment of an organization: the artisan’s guild 
that had its basis in an often rigid craft tradition, 
and in which continuity was assured by the trans-
mission of technical knowledge within workshops. 
This structure also corresponded to the social and 
political organization of medieval Italian towns for 
which it seems even more understandable that the 
organization of professions and the working prac-
tices were codified in the sense of standardized 
and that moreover there were relatively few pos-
sibilities for introducing new ideas. Acting with an 
expressive and aesthetic freedom was all but un-
known at the time. Therefore, if we were to find 
ourselves in front of a Byzantine artist, he would 
have necessarily had to cooperate with the local 
customs and artisans and procure work materi-
als within their tight network of production. For 

demonstrating how in reality the creation and 
the experimentation of a such a different method 
can be learned only through direct contact—by 
training in a workshop.

For the aim of understanding the relationship 
with Byzantium, the opportunity to examine Pisan 
art from a technical point of view is particularly 
intriguing: both for the historical context (one 
of the privileged centers, along with Venice, due 
to its relationship with the Eastern Empire), and 
because, contemporary with these historical rela-
tionships, Pisa was, along with its neighbor Lucca, 
one of the centers that marked the debut of real 
Italian art as painting on panel, with a period of 
extraordinary painted crucifixes. It is also because 
of historical accident that many paintings in Pisa 
from the period survived (something that has hap-
pened a lot less in Venice) offering the chance to 
examine a meaningful sample, not only histori-
cally but also numerically (although it must be re-
membered that what we see today corresponds to 
a very small percentage of what would have been 
produced at the time.)

In the close examination of the artistic tech-
nique of the paintings studied on this occasion, the 
inevitable beginning is with the great painted cru-
cifix (so-called Number 20) from the monastery 
of San Matteo for its obvious stylistic qualities for 
which it has always been appreciated as one of the 
most significant examples of the Byzantine style 
in Pisa.25 Various areas of competition between 
the Latin and Byzantine worlds can be seen in the 
way the artwork is made. It represents, in fact, the 
Christus patiens which, iconographically, is a new 
arrival in the West, while it seems to have been 
already established in the East, at least since the 
eighth century.26 At the same time, though, this 
depiction, usually found in narrative scenes, here 
is incorporated into an exclusively Italian kind of 
painting—a painted crucifix. Thus the whole be-
comes an absolute novelty for the mixture of Byz-
antine and Italian elements, even if only from the 
point of view of the image.

The probable dating of the splendid object 
(with reference to the catalogue entry) to the be-
ginning of the thirteenth century allows us to in-
sert it at the beginning of a critical journey that 
first examines the influences and the direct con-
tributions of Byzantine art in Pisa and secondly, 
sets up a comparison with the recognized head of 
the thirteenth-century Pisan school, Giunta. This 
means therefore, an examination of the techni-
cal peculiarities of Crucifix Number 20 compared 

10. Crucifix no. 20. Museo di San Matteo, Pisa.
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lateral arms and central body of the cross) in the 
Crucifix of Sarzana would indicate a technical ap-
preciation of parchment as a good cushioning lay-
er and furthermore, its use shows a type of techni-
cal practice that endured for some time (ranging 
from the twelfth to thirteenth century) and which 
is found across a wide geographical area.

This same use of parchment as a preparatory 
layer has triggered many theories, including fanci-
ful ones. One study proposed that in this one can 
read the origins of Italian painting (or of the single 
artists that used it) as deriving from the work-
shops of the illuminators. Another study, referring 
to the specific case of Crucifix Number 20, spoke 
of leather or of a single skin belonging to a very 
large animal. Given the dimensions, the idea that 
this could be a single skin is almost certainly im-
possible. In any case, the fact that the boundaries 
between the different pieces are not noticeable on 
the painted surface shows a high level of precision 
in the workmanship—a fact that is not technically 
impossible, as seen from the rare examples of large 
scale painted parchment.

It should also be stressed that in the treatises, 
as in Heraclius29 and in Theophilus,30 skins (of 
horse, donkey, or cow, and by the way, not tanned) 
are mentioned as being used as preparatory layers 
for paintings.

In Crucifix Number 20, along the edges of the 
wooden panel, the turned-over and nailed borders 
of this supporting layer are visible; its thickness is 
considerable and its surface is very irregular, lead-
ing us to think of skins that have not been worked 
much, certainly not like a true vellum. It seems 
(but only from these extremely general observa-
tions) that in effect this could be a leather (though 
not tanned) as leather and not parchment is the 
term used in the treatises. As to its application 
on the support, we can only hypothesize that the 
skin was glued, as it seems likely from the perfect 
planarity of the surface and the lack of impact of 
the joins of the planks on the paint surface. If it is 
the case that the skins are essentially glued to the 
wood support, it would be interesting to know the 
kind of glue—to evaluate if this matches the trea-
tises of the period in that Theophilus proposes the 
use of a cheese glue for this procedure. From our 
point of view, we can do nothing but underscore 
how the parchment (or un-tanned skin) has per-
fectly carried out its role of cushioning between 
the wood support and the painting, also facilitat-
ing the perfect adherence of the gesso and glue 
preparatory layers.

example this includes the wood carpentry for the 
support on which to paint, materials for making 
the preparatory layers, and the acquisition of pig-
ments.

The technical analysis of Crucifix Number 20 
seems to confirm this interpretation given that the 
materials used and the working methods seem to 
belong to a local Italian tradition. The construction 
of the support, given the dimensions of the paint-
ing, would have been made by local craftsmen and 
therefore does not relate to the stylistic influences 
of the Crucifix. It follows the construction methods 
of crucifixes known and present in Tuscany begin-
ning with that of Sarzana. Not only the fact that the 
whole support has among its preparatory layers an 
entire layer of parchment, far from appearing as 
exceptional as often has been said, this connects 
Crucifix Number 20 with other examples of paint-
ing that are undoubtedly “Latin” like the so-called 
Crucifix of “Alberto Sotio” of the Duomo of Spoleto, 
or the Mourning Madonna of Baltimore (fragment 
of a lost painted crucifix), or the small head (frag-
ment from a Maestà) of the Pinacoteca of Brera, 
both attributed to the same “Alberto Sotio.” For evi-
dence that the use of parchment in the preparatory 
layers is not exceptional, nor can it be interpreted as 
a feature that indicates the same maker, we can cite 
the Crucifix of Polling and the panel of Aschaffen-
burger, both Germanic examples.28

Furthermore, to have found the parchment in 
strips in potentially critical areas from a structural 
point of view (those of the wood joins along the 

11. Giotto, Madonna and Child of San Giorgio alla Costa. In-
frared reflectography of detail of hand of the Madonna created 
with toned washes.
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contribution of other specializations—the gilders, 
and for reasons of economy—so as not to use more 
of the precious material than necessary. Then 
there followed the real drawing of the composition 
complete with all of its features, which would 
then serve as a guide for the painting and could 
have been made with either incisions or drawing 
media.31 From the first planning stages of Crucifix 
Number 20, there are quite clear incision lines 
for the architectural parts and also those relative 
to the areas inside the painted parts such as for 
example in the figure of Christ which stands out 
from the blue background of the cross. It appears 
more difficult to see the incisions on the figures of 
the lateral scenes, perhaps because in these smaller 
areas, where the painting corresponds exactly to 
the incisions, the painter has used less pressure.

From the infrared images32 what we consider 
the second phase of establishing the design be-
comes clear, as indications of drawing emerge in 
many areas, carried out both with a dry method 
and by brush with a carbon-based material. It 
seems clear that after first marks are made with a 
metal point, the painter passed over the fine lines, 
not in order to define the spaces to be painted at 
this point, but with the intent, in this phase, of 
constructing in a pictorial sense, the placement of 
the whole representation. Thanks to the transpar-
ency to infrared of the flesh tone areas, the parts 

The ground is very thin, as was found also on 
the Crucifix of Sarzana and others, and well-ad-
hered to the support despite the numerous losses 
of paint and ground that, in some cases, follow the 
outlines of certain color passages. This is probably 
due to the underlying presence of the skin, whose 
craquelure has a shape and irregular texture differ-
ent from that typical of canvas, which is generally 
more dense and regular.

For the organization and planning of the 
composition, the situation is difficult to assess 
as a whole because after the cross was installed 
in the museum, it was not possible to carry out 
a thorough examination of the surface with the 
high-resolution infrared reflectography scanner. It 
should be, however, a given that by using the term 
drawing what is often meant is a specific but re-
strictive concept of creating a linear design while 
really disegno in the treatises, in Cennini even 
before Vasari, always had a broader meaning of 
designing or planning both in a general sense and 
in a specific sense, and therefore establishing the 
true nature of drawing as a foundation of art, of 
any kind of art. Therefore, when speaking of a pre-
liminary drawing for a painting, what is intended 
is the organization of the composition, the rela-
tionships of the figures with each other, and with 
the space so as to render the represented theme, 
even before the linear design that serves to define 
them. This may seem like a complex intellectual 
theme, but in reality, it is already present in the 
conceptual world of the craftsmen’s workshops, as 
seen not only from reading the treatises (which, 
even if somewhat later, express the craft traditions 
that created them) but also identifying traces of 
preliminary planning that are often found on the 
supports, or through infrared imaging, looking 
beneath the paint surface.

In ordinary practice, it was usual to proceed 
on the gesso through successive phases of 
development that structured the arrangement 
of the design of the image, qualifying it with the 
dimensions and the forms through which it is 
possible to still appreciate it today. The first of 
these operations was undoubtedly the definition 
of the space of the composition, in particular, the 
subdivision of the parts to be gilded with respect 
to those painted. This already proves, by itself, that 
there had been a preliminary plan of the surface 
to be painted and the likely existence of drawings 
that haven’t survived. Such planning would have 
been necessary both for the organization of work, 
which in some cases could have included the 

12. Polyptych of Santa Reparata. Infrared reflectography of the 
face of Saint Eugenio.
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precision and regularity with which they have 
been applied; they are small, 4.5 to 5 cm, rather 
thick, and regular.

There are no punch work decorations or grain-
ing; the halos of the figures in the small scenes are 
simply defined by the incision line and the halo of 
Christ has rays decorated with a stylized acanthus 
leaf painted with red earth, a motif that seems to 
have been very popular at the time, given that it 
is also found on the fragment of the crucifix from 
the church of Santa Cecilia also in Pisa and in quite 
different territory, on the Crucifix of “Alberto So-
tio” of Spoleto. The same motif, though rendered 
with a punch, is also in the halo of Saint Francis in 
the panel with stories of the saint once attributed 
to the circle of Giunta Pisano in the same Museo 
di San Matteo.

One further decoration on the Crucifix con-
sists of raised bosses of various shapes situated 
along the perimeter of the cross at a regular in-
tervals: in the outer corners they are oblong, in 
the inner corners they are in the form of hearts 
derived from the intersection of two oblongs, 
in the halo of Christ they alternate between low 
relief circles and squares, and along the border 
they are hexagonal. Unfortunately, many bosses 
are missing but the losses of these have left the 
parchment perfectly intact, a sign that they were 
simply glued on to it, so as not to leave any dam-
age. Each relief element is in wood and is cov-
ered by a thin, glued fabric that merges with the 
parchment, creating a smooth base on which 
the gesso and gilding were then applied. We can 
imagine that this layering is due to the necessity 
of substituting the parchment with a more ductile 
material, more suited to covering the small relief 
elements. Finally, about halfway between bosses, 
there are incisions on the gold in the form of two 
concentric circles close together. The central hole 
from the compass is quite visible. It is unlikely 
that this is meant to be another decorative motif 
because it is practically invisible from far away: 
probably these are the only traces of a decorative 
plan that was not executed.

As for the painting itself, the first thing that 
strikes us is that the color scheme, using vivid and 
precious pigments, is different from that typical of 
the period. In fact, there is a dominant brownish-
red that makes the image on gold stand out like “a 
dark arabesque, seen against a light background.”34

The painting technique appears to adhere 
strictly to the treatises of the period, not only 
in the choice and preparation of pigments, but 

that show this drawing the most are the eyes, the 
mouth, the line of the neck, the arms, and the hands 
of Christ. From some of these details—the hands 
in particular—it is possible to determine how the 
painter had the intention of defining, even at this 
level of drawing, some features of the musculature 
of the hand, or how he carefully paid attention to 
defining the blood that emerges from around the 
nail in the half-closed palm. From observation of 
other details, the mental process that guided the 
painter and the steps taken as he approached the 
painting phase can be retraced in that between un-
derdrawing and the definitive painting stage there 
are some variations with a certain significance. For 
example, on the face of Christ where, compared to 
an early application, the right eye has been raised 
slightly and the left eye even more, shifting the 
axis of the eyes with the intent of increasing the 
tilt of the head. Also, in the right arm, the muscles 
of the forearm have been shortened.

The whole, therefore, suggests a relationship 
between drawing and painting as a continuum 
across all the phases of work with a search on the 
part of the painter to define more precisely the im-
age that progressively emerges in front of his eyes. 
This is one way of proceeding that certainly ought 
to be compared with other contemporary paint-
ings because it dates to a period which, by rule, is 
instead marked by a general absolute separation 
between the phases of drawing and painting.

Once the spaces of the composition have 
been defined with the drawing, the next step 
was certainly the application of the gold leaf that 
often, as in the case of Crucifix Number 20 was 
the background color for the whole painting. As 
already mentioned, often this operation was car-
ried out by specialized artisans who proceeded 
to gild the areas circumscribed by the incisions 
of the painter. In this period, the gold leaf was ap-
plied, in the majority of the cases we have seen, 
directly on the gesso of the preparation, with the 
use of a mordent that could be animal glue, egg 
white,33 garlic juice, milky fig sap, or whatever 
could serve to create good adhesion for the metal 
leaf. Obviously, it is practically impossible to suc-
ceed in indentifying the nature of these adhesives 
because these are transparent materials without 
body that would have been mostly absorbed by 
the ground. In the case of the Crucifix, we can 
only note the absence of bole and the extreme 
care taken in the execution of the gilding. The 
pieces of leaf are clearly distinguishable in some 
areas of the painting and striking for the extreme 
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grey; this is probably due to an alteration of a white 
that is not lead white (perhaps a carbonate).

The architecture that appears as a background 
in some scenes is decisively Eastern, with small cu-
polas that overlap and thin columns far from the 
Romanesque art typical of Italian culture of the 
period.

The background of the cross is painted a very 
dark blue, probably a mixture of indigo and black; 
in this area there are numerous losses of paint and 
ground layers which are also found in the mantles 
painted the same color, suggesting a technical kind 
of problem. The trunk of the cross and the lateral 
compartments have a type of decorative border 
pattern checkered with white, red, and blue de-
rived from mosaics.36

In Pisa, in the same years in which Crucifix 
Number 20 was painted, an artistic personality 
known as Giunta Pisano began to work, the cre-
ator, as far as we know, of important, not only 
stylistic innovations. His training has always been 
seen as connected to a cultural environment with 
a Byzantine mark, and especially akin to Crucifix 
Number 20. For this, so far, critics have also held 
that he would have contributed to that operation 
of integration, from a technical point of view, of 
the Italian tradition with such peculiarities as 
could be introduced from Byzantine art. However, 
an examination of some paintings by the artist at 
the Museo di San Matteo clearly shows how these 
were made using materials and employing an artis-
tic technique so well characterized as distinguish-
able in considerable ways from that which marks 
the painting of Crucifix Number 20. It is difficult 
to explain such discrepancies as a chronological 
leap—as long as no other training occasions are 
proposed—for, as we will see, the technology that 
produced them was completely different. In our 
opinion, in dealing with the research on the artis-
tic training of Giunta, one ought to, therefore, also 
take into account these interpretive parameters 
in that they are intrinsic to the characterization 
of a painter. We know in fact how artistic tech-
nique, above all in the medieval world, was shaped 
through direct learning in workshops, where mas-
ter and apprentice worked side by side for years, 
exchanging not only their understanding of ma-
terials, but also the very manner of working them. 
These are the traits with the most stability and 
continuity in the technical heritage of an artist, 
that which almost constitutes a fingerprint, a map 
of artistic DNA. Therefore, it is difficult to argue 
on this basis that Giunta would have been trained 

also and above all in their sequence of applica-
tion. In the writings of Theophilus, some chap-
ters deal with the pictorial technique needed to 
create anatomical details of faces of the figures to 
be depicted. He even advised the use of one pig-
ment or another depending on whether the char-
acter to be represented was “pale” or “ruddy.”35 
While the description of the painting process is 
detailed in Theophilus (a good fourteen chapters 
of the treatise) here the steps are much reduced 
in number.

The painting technique is therefore close to 
that which can also be found in the majority of 
paintings from this period in the Latin world. The 
paint application is flat and opaque and starts with 
a medium tone as a base which then, with succes-
sive applications, becomes shadows and highlights 
by darkening or lightening the tone. There is no 
shading of the colors; the modeling is obtained in 
a very schematic way, underlining the lights and 
the darks with graphic strokes. The final effect is 
that of a precious, enamel-like color and the im-
ages appear cut out on the gold background which 
pushes them to the fore to carry out their liturgical 
and didactic function, almost as if it were a written 
text. The body of Christ, however, has a different 
impact, a physicality; this perhaps serves to show a 
different type of message that places the emphasis 
on the sacrificial aspect of Christ, felt in its mortal 
reality and therefore closer to humanity.

Contrary to what we know of Byzantine paint-
ing, verdaccio is not found as an underpainting 
layer in the flesh tones. First there is a homoge-
nous base of an intermediate tone of ochre; then 
the shadows are obtained with a reddish-brown 
painted out with distinct, fluid strokes; the high-
lights are practically white, drawn with small 
graphic strokes, quite distinct and decorative. All 
the outlines of the flesh tones are in red paint; this 
is a red earth, probably the same used in a mixture 
with black for the shadows.

The drapery of the figures is depicted with care, 
with richness of detail and of decoration; unique 
in this regard is the drapery that wraps around the 
dead Christ—very sumptuous, in green with pale 
ornamentation. Again, with the drapery we see 
the sequence of a mid-tone on which shadows and 
highlights are applied. The brightest highlights are 
almost always white, while the shadows are not 
always the same color as the base hue: for example, 
in the grey drapery, the shadows are red while in 
the green, they are black. In the mantles painted 
with cinnabar red, the highlights appear, strangely 
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of the abdomen. However, because the overlying 
paint appears to be applied in the shadow areas with 
semitransparent glazes, the effect that emerges is still 
that of a body characterized by a cool tonalities. In the 
Crucifix of San Ranierino, the degree of transparency 
of the overlying paint is greater, as are the areas of 
the underlying green left uncovered. The amount of 
blending is different, as is the anatomical rendering. 
This is, if it is possible to formulate a hypothesis for 
further study, painting for transparency may seem 
from that moment a device that best answers the 
search for expressively representing the anatomy of a 
body that iconographically shifted from triumphans 
to patiens.

The other radical element of change in pic-
torial practice from the period is the presence 
of bole under the gilding that we find in both 
the crosses. With the bole, the possibility of 
color variation is introduced—it seems to be 
the most important reason for its choice; it cre-
ates a series of tonal variations in the gold due 
to the various colors of the bole, as well under-
stood at the time. We must not forget, in fact, 
how the production of the metal leaf was tied 
to the metal in the form of coinage or as a raw 
material and how this period is one of scarcity 
of circulation. The choice of the precious metal 
would have been limited in terms of carats and 
therefore colors. Another element not to under-
estimate in the choice of introducing bole in the 
process of gilding should be a consideration re-
lating to the economy of the work. In fact, the 
bole, a clay, is already present in nature with a 
particle size that is finer with respect to gesso; 
in order, instead, to obtain a fine gesso suitable 
to receive gold leaf you would have to carefully 
grind it and this therefore entails a not insignifi-
cant additional workload. Furthermore, the bole 
creates a substrate that is relatively elastic even 
if applied in the thinnest way, allowing decora-
tion with punches, stippling, and incisions once 
the metal leaf has been applied on top. As far 
as we know, the cases of stippling or graining 
on gold leaf without bole are actually quite rare, 
while there are generally more decorations that 
are limited to a light incision around the halo, as 
we have seen in Crucifix Number 20.

Among the paintings examined, three of them 
can be tentatively grouped together because of 
their common characteristics. These are rectangu-
lar panels with a pointed gable (at least originally 
so): they are the altarpiece with Saint Francis and 
Stories from his Life, the Dossal of Saint Catherine 

in the bottega that produced Crucifix Number 20 
given that in his artistic production we find totally 
different techniques. The small crosses of Giunta 
in the museum—or rather that of San Ranierino 
and the recto of the Processional Cross37—are 
marked by the clear presence of verdaccio as a 
toned underlayer for the paint of the flesh tones 
and by the presence of bole as a layer under the 
metal leaf. On both, canvas is found as a layer in 
between the wood of the support and the prepara-
tion of glue and gesso. These elements are enough, 
on their own, to indicate the significant technical 
diversity between the milieu of Crucifix Number 
20 and that which Giunta goes on to represent. 
Undoubtedly, there were occasions to learn tech-
niques that seem to be designed to satisfy specific 
expressive needs, a method that required the use 
of specific materials, applied in a distinct phase of 
work and only then if thoroughly mastered.

From Giunta we know how Franciscan spiri-
tuality was interpreted in the medium of painting, 
developing an iconographic tradition of the cruci-
fixion with the intent of rendering an image full of 
dramatic and emotional tension, representing pro-
longed suffering even after death. For this reason, 
the body of his Christ is always shown, from cross 
to cross, with a cold tonality, like a cadaver, an ef-
fect obtained thanks to the presence of the green 
underlayer that affects the final result through the 
semi-transparency of the paint applied over it. 
The death of Christ is represented not only by the 
dramatic abandon of his body on the cross, but 
also by the livid coloring of his body which is dis-
tinctly different, in terms of hue, from those of the 
mourners. This is an important change, not only 
with respect to Crucifix Number 20, but also for 
the Crucifix of Berlinghiero in Lucca at the Museo 
di Villa Guinigi which has often been compared to 
paintings by Giunta.

Continuing on the issue of the presence of 
verdaccio for pictorial aims, the suspicion arises 
that this underlayer is not only important for 
characterizing the body in terms of hue, but it is also 
used in order to establish a different sequence for 
the definition of the anatomy. One way of evaluating 
the extent of this is provided by the comparison 
between the rendering of the flesh tones in the two 
crosses by Giunta mentioned previously. In the 
processional cross, the underlayer in verdaccio of 
the flesh tones is almost completely covered by a 
whitish paint that blends into warmer and darker 
tonalities as it proceeds toward the areas of shadow, 
leaving the underlying base uncovered only in areas 
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areas, almost as a simplification of the technical 
step tied to the increasing importance of the im-
age with respect to the object itself. Instead, we 
don’t have enough elements for considering this 
observation as a general rule nor even to call it a 
local characteristic given the continuous alterna-
tion of the procedure over time.

Another element to point out in these three 
paintings is that only in the later one, that of the 
Master of San Martino, do we find the use of red 
bole as a base for the gilding. Likewise, the deco-
ration of the gilding with punches and graining 
seems to have only gradually entered into com-
mon practice. In the panel of Saint Catherine, 
there are no decorations on the gold, the halos 
are simply incised with a compass. Instead, in the 
Dossal of Saint Francis, we find one of the rare ex-
amples of punch work carried out without bole—a 
single punch with a circular shape (1 mm in diam-
eter) repeated in succession to form a design with 
stylized acanthus leaves in the halo of the saint, 
very similar to that found in Crucifix Number 20 
in the halo of Christ and also in other crucifixes. 
The decorative motif is unusual in that it varies in 
shape and size inside the halo which constrains 
it to adapt to the pointed form of the panel, as if 
adapting itself to the available space. In the third 
panel, meanwhile, we find incised decoration with 
graining combined with the use of bole; again this 
is a single punch in the shape of a little flower with 
six petals (3 mm in diameter) used to delineate the 
outline of the halo while the inside is filled with 
floral motifs incised freehand. It seems, though, to 
be decoration executed with a lot of uncertainty, 
with many imprecisions that make us think of an 
inexperienced hand in contrast to the strong tech-
nical abilities demonstrated by the painter in the 
same artwork; referring to the initial discussion in 
which it is suggested that this is an experimental 
phase of the bottega of the master.

In the panel of the Master of San Martino, we 
also find the use of mordant gilding in the chrys-
ography of the robe of the Child, in the border 
of the mantle of the Madonna, and in the deco-
ration of the throne and the cushion, though it 
is not present in the other panels. In the panel 
of Saint Francis, even the small gilded areas in 
the small lateral scenes are water-gilded; there 
are remnants though of traces of shell gold in 
the flowers that decorate the altar cloths. Both 
of these gilding techniques were certainly known 
at the time even if they evolved from miniatures 
and were intended to be used more than anything 

which is also close to Berlinghiero or the Mae-
stro di Vico L’Abate, and the Madonna and Child 
and Stories of Saint Anne and Saint Joachim by 
the Master of San Martino. For the first two, the 
dating is controversial. Some scholars put them 
toward the 1230s connecting them to the Giun-
tesque milieu while others date them to the sec-
ond half of the century, putting them closer to the 
production of Berlinghiero. Instead, the third has 
a later suggested date, in an arc of time that spans 
from 1270 to 1290 with features that have an affin-
ity to the painting of Cimabue.

It is therefore very difficult to try to make a 
stylistic connection among these paintings but it 
is possible to make observations on some of their 
comparable formal and technical aspects. First of 
all, these paintings are characterized by the same 
type of composition, consisting in a portrait of the 
sacred figures in conjunction with a series of nar-
rative scenes illustrating the saint’s hagiographic 
cycle. The origin of this kind of iconographic solu-
tion seems to be Byzantine and more precisely, it 
seems to derive from icons destined for personal 
devotion. Another element that they have in com-
mon is the shape of the panel and the type of li-
turgical use: these are in fact paintings destined to 
be displayed on the altar with a celebratory and 
didactic function.

From the technical point of view, we can try to 
compare their individual components.

Above the wood support we find the canvas, 
with a function of cushioning the movements be-
tween the support and the preparatory and paint 
layers. This is a piece of textile glued in various 
ways: in the dossals of Saint Francis and Saint 
Catherine, there are strips only along the joins 
between planks. In the panel of the Master of San 
Martino, the entire surface is covered with can-
vas, even if they are irregular pieces and come 
from different types of textiles, as evidence of 
the bottega’s practice of using materials and pro-
cedures based on chance and convenience. This 
is a historic and practical reality that should al-
ways be considered so that we are not surprised 
by examples such as these in contrast to studies 
that teach us to think of the intrinsic value of the 
painting in that it was an object of worship, attrib-
uting to this period a great search for technical 
perfection. In this framework of perfection, there 
is also the thought that the application of can-
vas or parchment across the whole surface was 
the result of greater care while in a later phase, 
much later, it was limited to only the most critical 
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for that. Theophilus also writes of this in his trea-
tise38 in a very detailed way but again he was re-
ferring to books.

As for the painting itself, it is also possible to 
find points of comparison between the three pan-
els in consideration. As mentioned, the composi-
tion is very similar and also the spatial setting fol-
lows nearly equal criteria. The graphic technique 
for laying out the composition is with incisions 
both for delineating the areas to be painted from 
the areas to be gilded, and for the definition of de-
tails of the composition.

The color choices are quite similar while the 
painting technique shows some differences. In 
the panels of Saint Francis and Saint Catherine, 
the technique is that of successive applications 
of paint using the Byzantine graphic formulas in 
the definition of details, close to that of Crucifix 
Number 20. In the Madonna and Child of the 
Master of San Martino, meanwhile, the paint is 
applied with thin, opaque strokes that allow for 
soft blending, above all in the flesh tones, for a 
very realistic effect. This technique, together 
with the introduction of naturalistic elements 
and echoes of antiquity, show different points 
of contact between this artist and the works of 
Cimabue; there are also elements of Byzantine 
icon painting which tie into Pisan culture of the 
thirteenth century.

Generally, an important characteristic of 
Byzantine artistic technique is thought to be the 
presence of colored underlayers: the verdaccio 
for flesh tones, the bole for the metal leaf.39 But 
it is quite strange, or perhaps significant, that 
even in the limited group of paintings examined 
in the Museo di San Matteo in Pisa, these two 
technical devices were found in a discontinuous 
way and above all that they were absent in one 
that was considered to be the most Byzantine of 
them all, that of Crucifix Number 20. Again re-
garding the use of ornamentation of the gilding 
with punches or burin, that generally are associ-
ated with the presence of bole, we always find in 
this small group a clear exception as in the case 
of the Dossal with the Stories of Saint Francis and 
his Miracles. What does this mean? Are the dif-
ferences evidence of the gradual shift with which 
the technical changes were received and imple-
mented? Are they indications of working pro-
cedures that refer to the time necessary for the 
painters to mature, experimenting directly and in 
a practical way with the procedures they wanted 
to carry out? Or rather is it our modern forma 

mentis that searches continually to lock all of 
this into predetermined categories? Are we still 
indebted to Cennini’s pithy remark at the begin-
ning of the Quattrocento, “Giotto translated the 
art of painting from Greek into Latin and made 
it modern”?

The fact is that the examination carried out 
shows substantial differences in a very narrow 
context, moreover, despite being strongly com-
promised by the numerical losses, (and perhaps 
substantial) due to the inevitable passage of time, 
we ought to reflect on this and avoid making gen-
eralizations that verge on presumption.

†Maria Luisa Altamura, Roberto Bellucci, 
Pierluigi Nieri, and Eleonora Rossi

Appendix: Technical considerations for the attribu-
tion to Giotto of the two panels depicting a deacon 
saint and Saint Nicholas of Tolentino

The technical examination of parts of a polyp-
tych from Livorno, attributed to the workshop of 
Giotto in this exhibition, has revealed some im-
portant details that are worth describing even if 
summarily in that, in our opinion, they may be 
useful to the attribution debate.

The dimensions of the panels are 77.5 cm high 
and 42.7 cm wide; the thickness is 3 cm. They are 
made of a single panel each of poplar wood, with 
a sub-radial cut, arranged with the grain running 
vertically. The wood chosen is not of good quality 
due to its uneven texture, and due to the distinct 
presence of knots, and for the curving grain. On the 
painted side of the deacon saint, in the upper part of 
the panel, one strip of a different pattern of craque-
lure a reveals a difference in thickness of the gesso 
in correspondence to an indented part of the panel.

Thanks to the original application of red lead on 
the back of the panel, we have information on the 
dimensions of the crossbars and their location in 
that the marks of where they were have remained 
clear since the red lead was obviously applied after 
they were nailed down. The upper one, placed at 
the base of the gables, measured on average 7 cm 
in width, while the lower part of the support only 
has one mark of where the crossbar was which is 
about 3–3.5 cm from the lower margin. The con-
nection between the crossbars and the plank was 
made by a pair of nails for each panel, inserted 
from the back of the crossbars on each side and 
bent back under the preparation. (In the X-ray, 
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the points of the nails are still visible in the sup-
port). The difference in width of the two crossbar 
spaces tells a story of the alterations that occurred 
to the panel after the polyptych was dismantled. 
In this phase, not only were the panels separated, 
but the little predella that overlapped them (which 
likely had an inscription) and all the frame compo-
nents, including the narrow lateral pilasters were 
removed. We suppose that in order to present the 
two panels as independent, part of the lower mar-
gin was cut and consequently the width of the un-
painted border would not have been equal around 
the whole perimeter.

An element that indicates the external position 
of the two saints in the context of the polyptych is 
the way that these would have connected to the 
outside lateral pilasters: this evidence is in the 
form of a notch on the back in proximity to the 
right side for the deacon saint and on the left for 
Saint Nicholas of Tolentino. It is clear that within 
these notches there were wood pieces, held with 
nails that connected the panels and the presumed 
lateral pilasters.40 From the observations made 
and from the analogous dimensions and shapes in 
comparison with the Polyptych of Santa Reparata, 
these findings lead us to believe that our panels be-
longed to a five-part polyptych.

The paint surface is in quite poor condition 
due to numerous and invasive repaintings and 
subsequent cleanings of the past. In many ar-
eas, the paint is worn to the point of showing the 
ground; a similar fate has befallen the gold of the 
background in that it is consumed to the point of 
making it hard to see the punch work decoration 
of the haloes and along the margins of the panels.

The IR reflectography shows that the volumes 
of the faces and the hands of the two saints (as the 
flesh tones are much easier to penetrate with in-
frared radiation than other areas of the painting) 
were constructed in an extremely similar way to 
those found in the Polyptych of Santa Reparata. 
The underdrawing seems to have been created by 
first establishing the outlines in chalk, then rein-
forcing them with a brush. The ink washes, always 
applied with a brush, go on to build the volumes, 
emphasizing the areas in shadow.

Beyond the layering of the elements of the 
drawing, which correspond to the typical tech-
nical tradition of Giotto’s workshop, and will be 
given legendary status in Cennini’s standard-set-
ting pages: “take a wash of this ink, and, with a 
rather blunt miniver brush, shade in some of the 
folds, and some of the shadow on the face. And 

you come out with such a handsome drawing, in 
this way, that you will make everyone fall in love 
with your productions” [abbi una acquerella del 
detto inchiostro, e con pennello mozzetto di vaio 
va’ aombrando alcuna piega e alcuna ombra nel 
viso: e così ti rimarrà un disegno vago, che farai in-
namorare ogni uomo de’ fatti tuoi].41 The reading 
of the reflectography of the two saints reveals a 
quality in the underdrawing that is extremely close 
to those in a narrow Giottesque sphere. In fact, if 
we are able to resist being influenced by the condi-
tion, there is a careful and intelligent gradation of 
wash brush strokes which from the darkest dark, 
in a few steps, becomes light and whose smooth 
texture leads us to think of just the same blunt 
brush (pennello mozzetto) that Cennini spoke of.42

Another meaningful element to consider in 
regard to a possible important commission and 
the high quality of the workshop that created 
the painting is that of the rich decorations of the 
gold background—with punches but especially 
freehand incisions. The perimeter decoration of the 
panel of Saint Nicholas is made of flower clusters, 
and that of the deacon saint has an inscription with 
Kufic lettering. These types of decorations are also 
found in the Polyptych of Santa Reparata (though 
this is not exclusive to Giottesque painting, or 

13. Giotto(?), Saint Nicholas of Tolentino. Diagram of the in-
cised and grained decoration. 



Structural Conservation of Panel Paintings at the OPD in Florence: Method, Theory, and Practice

84

1 Cimabue a Pisa: La pittura pisana del 
Duecento da Giunta a Giotto, edited by M. 
Burresi and A. Caleca, Pisa 2005; the contri-
bution of the OPD was M. L. Altamura, R. 
Bellucci, C. Castelli, M. Ciatti, C. Frosinini, 
M. Parri, and A. Santacesaria, “Appunti per 
una ricerca nella tecnica artistica della pittura 
pisana del Duecento,” pp. 287–94.
2 U. Procacci, Sinopie ed affreschi, Milan 
1961.
3 Mostra di opere d’arte restaurate, edited 
by U. Procacci, Florence 1946; U. Procacci, 
“Le tecniche ed il restauro degli affreschi,” and 

from the same, “Le tecniche ed il restauro dei 
dipinti su tavola e su tela,” in Il restauro delle 
opere d’arte, Atti del 4° Convegno Internazio-
nale di Studi, Pistoia, 15–21 September 1968, 
Bologna 1977, pp. 41–65; pp. 71–83.
4 Metodo e scienza. Operatività e ricerca 
nel restauro, edited by U. Baldini, Florence 
1982.
5 U. Baldini, Indagine su Raffaello, followed 
by various contributors in the section “Schede 
diagnostiche e di restauro,” in Raffaello a Fi-
renze: Dipinti e disegni delle collezioni fioren-
tine, Florence 1984, pp. 239–68.

6 A. Forlani Tempesti, C. Castelli, M. Ciatti, 
M. Seroni, A. Tortorelli, “Andrea del Sarto nel 
restauro,” in Andrea del Sarto 1486–1530, Mi-
lan 1986, pp. 330–40.
7 Ibidem, p. 330.
8 R. Bellucci, F. Ciani Passeri, M. Ciatti, C. 
Giovannini, P. Petrone, C. Rossi Scarzanella, 
in Le muse e il principe: Arte di corte nel Rinas-
cimento padano, Modena 1991, pp. 235–50.
9 Examples in each of the two camps can 
be found in the study on the crucifix of Giotto 
in Santa Maria Novella, compared with the 
other early works by the master in Giotto: La 

more generally painting of the period)43 and it is 
worthwhile mentioning the coincidence, in that 
it is a further possible connection between these 
paintings and the circle of the so-called Parente di 
Giotto [relative of Giotto].44

However, we do not want to establish a direct 
relationship here between painters’ workshops 
and the decorative motifs on the gold, as the 
scholarly discussion has not yet been conclusive 

regarding whether these belonged to the actual 
painter’s bottega45 or to specialized craftsmen 
who worked for them. It is still interesting to see 
how the examination of these two pieces, until 
now largely unpublished, can reinforce Giottesque 
lines of research that certainly need further work.

†Maria Luisa Altamura, Roberto Bellucci,
Cecilia Frosinini, Pierluigi Nieri, and Eleonora Rossi



85

†Maria Luisa Altamura, Roberto Bellucci, Ciro Castelli et alii, Painting in Pisa in the Duecento: Observations on artistic …

Croce di Santa Maria Novella, edited by M. 
Ciatti and M. Seidel, Florence 2001; and that 
on the paintings of Masolino and Masaccio in 
collaboration with other international part-
ners put together in C. B. Strehlke, C. Fro-
sinini, The Panel Paintings of Masolino and 
Masaccio: The Role of Technique, Milan 2002.
10 L’“Immagine antica”: La Madonna col 
Bambino di Santa Maria Maggiore: Studi e 
restauro, edited by M. Ciatti and C. Frosinini, 
Florence 2002.
11 Pinxit Guillielmus: Il restauro della Croce 
di Sarzana, edited by M. Ciatti and C. Frosi-
nini, Florence 2001.
12 A research initiative on Tuscan painting of 
the twelfth century is underway at the OPD and 
is based on the comparative findings of paint-
ings being restored, or already restored, like the 
two mentioned of Sarzana and Rosano, which 
relate to the Lucchese and Florentine(?) schools. 
Broadening the comparisons and the investiga-
tions to Pisan and Sienese paintings provides a 
more comprehensive picture of the main artistic 
centers of the same period, of which we know so 
little. For this, close examination of paintings like 
Crucifix no. 15 from the church of San Sepolcro 
and that of San Paolo all’Orto has been inter-
esting, as will be that of San Frediano and the 
one called “delle Stimmate” now in the Oratorio 
of Santa Caterina in Siena, but originally from 
Santa Cristina in Pisa.
13 M. Ciatti, “Aspects of Artistic Technique 
in Tuscan Painting from the 12th to the 13th 
century,” in Das Aschaffenburger Tafelbild. 
Studien zur Tafelmalerei des 13. Jahrhunderts, 
Arbeitshefte des Bayerischen Landesamtes 
für Denkmalpflege, vol. 89, ed. E. Emmerling 
and C. Ringer, Munich 1997, pp. 360–87; M. 
Ciatti, Some Observations on Panel Painting 
Technique in Tuscany from the Twelfth to the 
Thirteenth Century, in Painting Techniques: 
History, Materials and Studio Practice, edited 
by A. Roy and P. Smith, I.I.C. Dublin Con-
gress, 1998, 1998, pp. 1–4.
14 L. Bellosi, Cimabue, Milan 1998.
15 La Madonna di San Giorgio alla Costa di 
Giotto: Studi e Restauro, edited by M. Ciatti 
and C. Frosinini, Florence 1995.
16 M. Ciatti, “Il restauro e gli studi,” In Giot-
to: La Croce di Santa Maria Novella, edited 
by M. Ciatti and M. Seidel, Florence 2001, pp. 
40–55.
17 Theophilus, Schedula diversarum artium, 
chapter 17, see Theophilus, On Divers Arts, 
edited by J. G. Hawthorne and C. S. Smith, 
New York 1963, 1979, p. 26.
18 La bellezza del sacro: Sculture medievali 
policrome, Florence 2002, pp. 1–13.
19 See Dipinti su tavola: La tecnica e la con-
servazione dei supporti, edited by M. Ciatti, C. 
Castelli, A. Santacesaria, Florence 1999.

20 See Giotto: La Croce di Santa Maria No-
vella, edited by M. Ciatti and M. Seidel, Flor-
ence 2001.
21 See Theophilus, On Divers Arts, edited by 
J. G. Hawthorne and C. S. Smith, New York 
1963, 1979; Eraclio, I colori e le arti dei ro-
mani, edited by C. Garzya Romano, Società 
Editrice Il Mulino, Naples 1996.
22 D. Bomford, “The Purpose of Technical 
Art History,” IIC Bulletin, 2002, 1, pp. 4–7.
23 S. Bucklow, “Questioning the visibility of 
the underdrawing: A reflection on method in 
technical art history,” in The Thornham Parva 
Retable: Technique, Conservation and Context 
of an English Medieval Painting, edited by A. 
Massing, Hamilton Kerr Institute, 2003, p. 
228.
24 R. W. Symonds, “Il mobilio nell’epoca 
post-romana.” In Storia della tecnologia, Tu-
rin 1981.
25 See, among the many possible texts, E. 
Sandberg-Vavalà, La Croce dipinta italiana, 
Bologna 1929, pp. 674–81.
26 G. Shiller, Iconography of Christian Art, 
London 1972, vol. 2, p. 96.
27 A. Caleca, “Pittura del Duecento e del 
Trecento a Pisa e a Lucca,” in La pittura in Ita-
lia, Il Duecento e il Trecento edited by Enrico 
Castelnuovo, Milan 1985, vol. I, pp. 233–64.
28 “Das Heilige Kreuz von Polling, Geschichte 
und Restaurierung,” in Arbeitshefte des Bayer-
ischen Landesamtes für Denkmalpflege, 85, 
Munich 1996; Das Aschaffenburger Tafelbild. 
Studien zur Tafelmalerei des 13. Jahrhunderts, 
Internationales Kolloqium zur Tafelmalerei des 
13. Jahrhunderts, Munich, May 1996, in Arbe-
itshefte des Bayerischen Landesamtes für Denk-
malpflege, 89, Munich 1997.
29 Eraclio, I colori e le arti dei romani, edited 
by C. Garza Romano, Naples 1996, chapter 
24, pp. 50–51.
30 Theophilus, On Divers Arts, edited by 
J. G. Hawthorne and C. S. Smith, New York 
1979, book I, chapter 17 and 18, pp. 26–27.
31 A quite widely seen technique, see R. Bel-
lucci et al, La Pieve di San Leolino a Panzano: 
Restauro e restituzione dei dipinti recuperati, 
Florence 1988; R. Bellucci, “La Croce di Sar-
zana tra materia e imagine,” in Pinxit Guil-
lielmus: Il restauro della croce di Sarzana, 
edited by M. Ciatti and C. Frosinini, Florence 
2001; M. L. Altamura, A. Ramat, “La tecnica 
di realizzazione e lo stato di conservazione: La 
superficie pittorica” in M. Ciatti, C. Frosinini, 
eds., L’“Immagine antica”: La Madonna col 
Bambino di Santa Maria Maggiore, Florence 
2002.
32 After the paintings were installed on the 
walls, the infrared reflectography imaging was 
made with a digital camera with a CCD detec-
tor.

33 Theophilus, Schedula diversarum artium, 
book I, chapter 24.
34 E. Sandberg-Vavalà, La Croce dipinta 
italiana, Bologna 1929, pp. 674.
35 Theophilus, Schedula diversarum artium, 
book I, chapter 1.
36 E. Sandberg-Vavalà, La Croce dipinta 
italiana, Bologna 1929, pp. 674.
37 The so-called processional cross from San 
Benedetto (Museo di San Matteo, inv. 2325) 
is particularly interesting in that the crucifix-
ions painted on each side show a remarkable 
difference both stylistically and in terms of 
technique. On the side that we will call the 
recto, the quality is higher both in terms of 
technique and stylistically, and it is likely at-
tributable to Giunta.
38 Theophilus, Schedula diversarum artium, 
book I, chapter 30–38.
39 M. Ciatti, “Aspects of the Artistic Tech-
nique in Tuscan Painting from the 12th to the 
13th century,” in Das Aschaffenburger Tafel-
bild, pp. 360–87.
40 In the panel depicting Saint Nicholas of 
Tolentino, part of this wood piece remains, 
held with an original nail.
41 Cennino Cennini, The Craftsman’s 
Handbook, Il Libro dell’Arte, translated by D. 
V. Thompson, Jr., New York, 1960, Chapter 
CXXII, p. 75. For the Italian quotation, see 
Cennino Cennini, Il libro dell’arte, edited by F. 
Frezzato Vicenza 2003, chapter CXXII.
42 On the blunt brush, see Cennino Cennini, 
The Craftsman’s Handbook, Il Libro dell’Arte, 
translated by D. V. Thompson, Jr., New York, 
1960, chapters LXIIII, p. 40–41; CXXII, p. 75; 
CXLV, p. 92.
43 M. V. Fontana, “I caratteri pseudo epigra-
fici dell’alfabeto arabo,” in Giotto: La Croce di 
Santa Maria Novella, edited by M. Ciatti and 
M. Seidel, Florence 2001, pp. 217–25.
44 For the attribution of the Polyptych of 
Santa Reparata to the “relative of Giotto,” see 
G. Bonsanti, “La bottega di Giotto,” in Giotto: 
Bilancio critico di sessant’anni di studi e ri-
cerche, edited by A. Tartuferi, catalogue of 
the exhibition, Florence 2000, pp. 55–75 and 
135–37.
45 This is, in a general sense, the idea of E. 
S. Skaug, Punch Marks from Giotto to Fra An-
gelico, Oslo 1994, while others have in mind 
specific artisans among the battiloro who 
worked for the painters and carried out these 
decorations, see R. Bellucci and C. Frosinini, 
“Reading Underdrawing in Early Italian Paint-
ings,” in C. B. Strehlke, C. Frosinini, eds., The 
Panel Paintings of Masolino and Masaccio: 
The Role of Technique, Milan 2002, pp. 56–57.



Master of the Bigallo Crucifix, Dossal of Saint Zenobius, before 1230, Museo dell’Opera del Duomo, Florence. 



87

The “carved-out” panel of the Dossal of Saint Zenobius:
A starting point for evaluating a structural category
of panel painting

Elena Bartolozzi and Andrea Santacesaria

The Dossal of Saint Zenobius, painted by the Mas-
ter of the Bigallo Crucifix, was the subject of a 
thesis1 in which each aspect of the painting and 
its conservation was addressed, especially explor-
ing the original construction technique and the 
treatment of the wood support. The panel, painted 
around 12302 originally decorated the altar erect-
ed over the tomb of the bishop Saint Zenobius in 
the crypt of the church of Santa Reparata.

Records relating to the painting document its 
movement and damage, with subsequent restora-
tions, as early as 1379.3 In the most recent of the 
restorations, directed by Augusto Vermeheren 
in the 1930s, all non-original painted additions 
were removed, the missing areas of the frame 
were reconstructed, and the support was treated 
by thinning the planks of wood to allow for the 
insertion of a complex crossbar system.4 Despite 
the good intentions of Vermeheren’s restoration, 
still commendable for the choices made regard-
ing retouching, the treatment of the wood support 
created consequences that can be blamed for the 
very poor condition of the painting. This includes 
the formation of numerous and extensive areas of 
lifting of the ground and paint layers due to the 
compression of the original planks by the crossbar 
system.

To describe the painting in brief: it is 278.3 cm 
wide by 112 cm high, and consists of the paint-
ed surface and the frame decorated with round, 
raised bosses, redone in part or completely over 
traces of the original in the treatment of the 1930s. 
Examining the panel in normal and raking light, 
with the help of photographs from Vermeheren’s 

restoration, the X-radiography, and the 3D scan of 
the surface made by the Istituto Nazionale di Ot-
tica Applicata, it was possible to theorize what the 
original structure of the wooden support might 
have been like, despite the limits imposed by the 
transformations the painting was put through in 
the previous treatment.5

The distinctive feature of the support of 
the dossal is that the frame and picture plane 
are a single unit: the two planks that make up 
the panel have been worked, reserving an outer 
border that became the frame and excavating 
the interior to create the area which is painted. 
Therefore, frame and picture plane were born as 
a single object.

From a careful study of the surface it was also 
noted that the painted area has a slight convexity 
with respect to the viewer. This characteristic can 
not be attributed with certainty to the execution 
technique of the artwork and it could simply be 
the consequence of warping of the support, but 
it represented a point of departure for us in the 
study of thirteenth-century wood panels, on the 
relationship between the surface and the image 
represented, on the influences of the materials in 
various kinds of paintings, and on the possible sig-
nificance of technical choices.

The study involved collecting written informa-
tion about construction techniques, but above all 
was based on direct examination of a series of ex-
amples that has served to deepen and enlarge our 
knowledge of this subject and define, thanks to the 
considerable quantity of carved-out paintings, a 
true category of panel painting.

This text was originally published in Italian as:
Elena Bartolozzi and Andrea Santacesaria, “Il support ‘scavato’ del Dossale di San Zanobi: Punto di partenza per l’identificazione di 
una tipologia costruttiva dei dipinti su tavola.” OPD Restauro 17 (2005): pp. 273–84. Translated by Helen Spande.
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The carved-out panels of Byzantine icons
An examination of the wood panels of icons 

shows the picture plane and the outer part that 
forms the frame are commonly made from the 
same planks. In texts that address the techniques 
for making these paintings, each component of the 
artwork is associated with theological meanings 
and references.

Here, it may be useful to look at some aspects 
inherent to the techniques of icon supports for 
the similarities encountered in the Dossal of Saint 
Zenobius, without going into the theological con-
notations ascribed to wood, which were probably 
beyond the intentions of the maker of this panel 
and all of those made in the same way in the non-
Byzantine world. The recessed surface in the panel 
that holds the painting reminds us, for example, 
that the purpose of the outer border is not to 
frame the icon, but rather to preserve the image in 
a kind of coffer.6

The icons imported to the West were not only 
painted on panel, but also made of other materials 
and were appreciated especially for their precious-
ness. Moreover, their attraction was often linked 
to their Eastern origins.

In Italy, the majority of icons were made by local 
craftsmen copying an imported model. At the time, 
it was a technically and stylistically mature craft: the 
similarities with certain objects is clear, especially 
from a structural point of view, and including paint-
ings far removed from Byzantine iconography.

The relationship between paintings and reliquaries
Hans Belting noted in his work on icons in 

the medieval period that in Italy, in the thirteenth 
century, there was a vast production of crosses, 
altarpieces, and devotional images, and there was 
an attempt to associate the Eastern icon with the 
sculpture of the West.7 Borrowing this assertion 
in regard to the relationship between painting on 
a flat surface and three-dimensional objects, the 
concept can be expanded on to look for a certain 
three-dimensionality in the support of a painting 
on panel, while maintaining the abstract and hier-
atic dimension of the depicted image.

This painting style that tightly connects the 
Dossal of Saint Zenobius and the works of the early 
Duecento to Byzantine culture is seen today in a 
wider context and freed of some stereotypes, so 
that for objects apparently conceived under the 
hallmark of two-dimensionality, sometimes one 
can infer a stretch toward the third dimension. If, 

for various reasons, from a pictorial point of view, 
this aspect could not be developed by the artists, 
some devices on the support have contributed, in 
a more or less evident way, to emphasize the image 
and make it emerge from the surface without hav-
ing to alter the two-dimensionality. The connec-
tion between figure and reliquary was rendered 
more strongly when relics were inserted directly 
in objects, which became true “figural reliquar-
ies.”8 In Florence, an example of this type is the 
Madonna Enthroned with Child from Santa Ma-
ria Maggiore, probably dating from the end of the 
twelfth century.

The technical similarities between figural reli-
quaries and altarpiece panels9 demonstrate a fu-
sion between the sculptural arts and two-dimen-
sional images, useful for developing and clarifying 
our views on the variety of supports and panel 
shapes.

The influence of embossed surfaces on paintings
In an antependium of stone, marble, or metal, 

the important figures, the haloes, and the frames 
are in low or high relief based on the hierarchy 
of overlapping layers. The relief “material” of the 
central figure, as found for example in the Dossal 
of the Redeemer and in the Madonna of the Big 
Eyes by the Tressa Master and in the Madonna 
Enthroned with Child of Santa Maria Maggiore in 
Florence, or in the body of Christ on the Cruci-
fix in the church of San Michele in Foro in Lucca 
clearly show the influence of embossed surfaces in 
paintings.

In the early dossals like that of Saint Zenobius, 
the use of wood supports rather than metal or 
stone was probably motivated by economic rea-
sons. In fact, painted panels placed on the fronts 
of altars are connected to the art of goldsmithing 
in that they substitute the antependia made of pre-
cious materials. In these paintings, the care given 
to the application of paint, the use of gold or silver 
leaf, and the insetting of polished stones, gems, 
and glass for the decorations of thrones, crowns, 
and frames, continues to the end of the Duecento 
with the intent to imitate the large metal dossals, 
among which the most well-known example of the 
period is surely the Pala d’Oro of San Marco.10

The panel paintings of this period, with their 
characteristic decorations, with the shimmering 
gilding and the painting technique using bright 
colors, have also been compared to the enameled 
tabernacles made in Limoges during the first half 
of the thirteenth century.11
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The established recognition of the antependi-
um in painted wood as a derivation of the version 
in precious materials indicates implicitly that the 
execution technique can render the result more or 
less similar to the material being imitated.

From our perspective, the continuity of the sur-
face of a panel that is painted and decorated with 
metal leaf, in which the frame and picture plane 
are carved out of the same planks of wood, can 
even better imitate a wooden supporting structure 
or approach the effect of a precious support made 
from working a single surface.

Some comparative paintings
As a starting point for our “alternative” journey 

examining supports, the structural features of the 
Dossal have been compared to two-dimensional 
artworks with sacred images where perhaps only 
small effects with apparently low visual impact 
give the surface a certain three-dimensionality or 
the picture plane has been treated in such a way as 
to allow the figure to emerge from the background.

The Cross of Sarzana by Master William (Mae-
stro Guglielmo) represents an early example in 
which the handling of the support influences the 
way the image is perceived. The structure, which 
demonstrates a technical mastery surely derived 
from a long tradition, shows construction solu-
tions that address the stability and anchoring of 
the most vulnerable part of the support, that is 
the arms. For example, there is the variation in 
thickness of the support: from the central plank 
the thickness is reduced gradually by some milli-
meters toward the extremities with the scope of 
diminishing the weight of the protruding arms. It 
is just this kind of detail that affects our perception 

of the figure, since the reduced thickness of the 
arms can have the additional function of visually 
bringing the painted image to the foreground.12 
This second meaning, although it cannot be stated 
with certainty, finds an implicit recognition in the 
eye of the observer who naturally reads the figure 
of Christ advancing.

The painted Crucifix of the church of San Mi-
chele in Foro in Lucca by a Lucchese painter of the 
first half of the twelfth century is close chronologi-
cally to the Crucifix of Sarzana, and made with the 
same structural and technical criteria. Here, how-
ever, the relief effect of the figure is obtained by 
modeling the body of Christ with gesso.

In Florence, the Madonna Enthroned with 
Child of Santa Maria Maggiore represents the 
most striking example where high and low gesso 
relief, alternating with painted flat surfaces, make 
the two principal figures and the decorations 
of the frame stand out, for an overall result that 
evokes the art of goldsmithing.

In the Sienese milieu, figures modeled with ges-
so are found in the Dossal of the Redeemer and in 
the Madonna of the Big Eyes by the Tressa Master. 
Besides being part of the antependium category, 
these have a frame and picture plane carved from 
the same planks like the panel of Saint Zenobius.

From our study, we found the largest number of 
paintings with picture plane and frame carved from 
the same planks to be from Pisa. In the thirteenth 
century, Pisa was an important artistic and com-
mercial center in direct exchange with the Byzan-
tine culture of the East, which resulted in a distinct 
influence on artistic production by the second half 
of the twelfth century, as seen in the miniatures of 
the Bible of Calci of 1168, in Crucifix number 20 

1. Master of the Bigallo Crucifix, Dossal of Saint Zenobius, Museo dell’Opera del Duomo, Florence.



Structural Conservation of Panel Paintings at the OPD in Florence: Method, Theory, and Practice

90

from the Museo Nazionale di San Matteo, and the 
Madonna “from under the organ” from the end of 
the twelfth century.13

In several Pisan paintings from local churches 
and convents, there is a close stylistic and techni-
cal proximity to icon making. Thanks to the recent 
exhibition organized at the Museo Nazionale di 
San Matteo “Cimabue a Pisa: La pittura pisana del 
Duecento da Giunta a Giotto,”14 it was possible to 
identify a large number of paintings on carved-out 
supports, besides those already mentioned. Some 
have been defined in the catalogue entries as true 
icons, other are by Pisan painters who demon-
strated the Byzantine influence.

One of the icons displayed in the exhibition is a 
Byzantine Madonna with “affectionate” Child (115 
x 71.5 cm), dated to around the second half of the 
twelfth century from the Byzantine and Christian 
Museum, Athens,15 which has a carved-out sup-
port. The frame has a flat surface with an internal 
edge that slopes down to the pictorial plane. At 
the beginning of the thirteenth century, the Ma-
donna and Child that bears a fragmentary inscrip-
tion with the name of the maker, “...nellus,” now 
at the Museo di San Matteo di Pisa but coming 
originally from the monastery of San Matteo di 
Soarta, (80.2 x 59.7 cm) was made the same way 
along with some paintings by the Master of Saints 
Cosmas and Damian, from around the second half 
of the thirteenth century, among them Madonna 
and Child from the church of Saints Cosmas and 
Damian in Pisa, (75 x 49 cm) and the Madonna 
and Child of the Acton Collection in Florence 
(34.5 x 48 cm).16

The Deposition of Enrico di Tedice in the Museo 
di San Matteo, made around the mid-thirteenth 

century and coming from the church of San 
Bernardo in Pisa, (57 x 35 cm), is another example 
in which the frame has a flat surface of about 5 mm 
that then slopes down another 5 mm to the picture 
plane.

In another, Madonna and Child with Angels 
attributed to the Master of Saints Cosmas and 
Damian, coming from the church of San Giovan-
nino dei Cavalieri of Pisa and now in the Museo 
di San Matteo, (85.4 x 56 cm) the two principal 
figures are enclosed by a gilded frame with a 
rounded arch, carved out from the same panel, 
while the upper arch where the angels are is cer-
tainly added on top.

A similar form is found in the Madonna and 
Child called Madonna Pisa attributed to the Flo-
rentine school, made in the mid-thirteenth cen-
tury and now in the Gallerie degli Uffizi. The pic-
ture plane, surrounded by an arched frame raised 
a few millimeters above the surface, seems to be 
carved out by removing the wood of the support. 
The frame around the painted area descends from 
the inside edge, sloping slightly toward the picture 
plane. In the upper part, an outer arch made of an 
attached piece of wood is placed at the top of the 
painting, overlapping the aforementioned frame. 
The panel, more recently, has also been given a 
frame around the perimeter.

In other panels of the Museo di San Matteo di 
Pisa, depicting Saint Francis and Saint Catherine, 
we find the technique of the carved-out support 
on a larger scale than the panels cited above. The 
Saint Francis attributed to Giunta Pisano from 
around the first half of the thirteenth century and 
coming from the church of San Francesco, mea-
sures 163 x 129 cm. The support is made of six 
planks arranged horizontally. Observing from the 
side, the arrangement of the tree rings in the lower 
plank shows that the frame and the painted surface 
were carved out from the planks that make up the 
whole panel. The flat, undecorated frame surface 
descends about 5 mm to the picture plane with a 
slight slope. The Saint Catherine, from around the 
mid-thirteenth century by the so-called Master of 
the Calci Crucifix and coming from the church of 
San Silvestro, measures 115 x 107 cm. From the 
demarcation of the joins, it seems that the paint-
ing is made of four planks arranged vertically and, 
as seen from the losses in canvas and ground lay-
ers that allow the wood to be seen along the lower 
edge, the frame and picture plane are carved out 
from the same planks. The surface of the frame is 
again flat.

2. Model of the support of the Dossal of Saint Zenobius.

3. Detail of the 3D image of a vertical section obtained with 
the technique of laser line-scanning profilometry carried out by 
INOA. The slight curvature of the surface is evident.
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Another painting, coming from Santa Chiara 
and now in the Museo Nazionale di San Matteo 
in Pisa, has characteristics similar to the panels 
described above with some additional features. 
The painting, depicting the Madonna and Child 
is dated between the twelfth and thirteenth cen-
turies and portrays Mary gesturing to her Son in 
her arms. From the cracks between the joins and 
some losses in the paint and ground layers in the 
upper portion, it appears that the panel is made 
of two vertical planks that have been carved out 
to yield the frame and the painted surface. The 
band of the frame, decorated with pastiglia with 
animal motifs derived from Arabic designs prob-
ably in imitation of a precious material,17 has a flat 
plane that slopes down from the internal edge to 
the picture plane, emphasizing a sense of depth. 
The frame differs from those in the previous ex-
amples because of this transition. In the others, 
the picture plane is recessed by only a few mil-
limeters but here the thicker frame gives a strong 
visual impact both to the relief decoration and 
to the deeply carved-out area with the Madonna 
and Child where the maximum height of the ha-
loes in relief corresponds to that of the frame.18 
The area in which the two figures are depicted is 
not perfectly flat but rather slightly convex with 
regard to the viewer, which is confirmed by the 
observation that the planks have been carved out 
more deeply in the four corners. This technical 
detail reduces the dominance of the frame and 
allows the figures to take on more prominence, 

while retaining a hieratic and abstract style for 
the figures.

Even in the icon of Christ Pantocrator with 
Saints Peter and Paul from the first half of the 
fourteenth century in the Museo di San Matteo 
but originally made for the girls orphanage of Pisa 
(76 x 60 cm), the surface inside the frame is carved 
out more at the corners, giving a slight convexity 
to the picture plane.

In two paintings examined in Rome, the Ma-
donna Advocata of Santa Maria in Aracoeli19 and 
the Madonna Enthroned with Child from the 
Museo Civico of Viterbo, the phenomenon of 
convexity was encountered again. The frame of 
the Madonna of Aracoeli is made of a narrow, flat 
outer band, about 1 cm wide, which then descends 
straight down a few millimeters to a raised band 
with a slight upward incline, projecting toward 
the viewer and forming the broader part of the 
border. The internal edge of the frame meets the 
picture plane at right angles. The pictorial plane 
has a slight convexity with regard to the viewer 
which seems not to be due to the warping of the 
support but rather carving out between the frame 
and painted surface as it is deeper toward the cor-
ners compared with the central portion of each 
side. If it were due to the curvature of the panel 
from warping, the thickness of the frame would be 
equal throughout.

The support of the Madonna Enthroned with 
Child, attributed to a Roman master of the mid-
thirteenth century and now in the Museo Civico 

4. Tressa Master, Dossal of the Redeemer, Pinacoteca Nazionale, Siena.
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of Viterbo,20 also has structural and stylistic af-
finity to the icons. Besides finding an analogous 
structure using the same planks, the plane of the 
frame is sloped with the internal edges projecting 
toward the viewer as in the Madonna of Aracoeli, 
and the painted area has the same slight convex-
ity due to having been carved out more deeply 
in the corners. These two paintings have a simi-
lar carved-out technique to the panels described 
earlier, but differ in the treatment of the surface 
of the frame which is not flat but projects toward 
the viewer.

The definite convexity of the picture plane, 
similar to that of the Pisan panel from Santa Chi-
ara, is not though obvious enough to be seen at 
first glance, but implicitly influences the percep-
tion of the represented figures which despite their 
pictorial “flatness” emerge from the surface.

In Quaderno di un isografo, written by Aurel 
Ionescu, the recessed surface of an icon is de-
scribed as possibly being either concave or con-
vex. The image depicted on a concave surface, 
usually present in objects destined for private wor-
ship, radiates out to a focal point near the view-
er. If the recess is convex, the image “radiates all 
around itself ” and this type of surface turns out to 

be particularly suited for large spaces that can hold 
a group of people.21

The examples in question generally show the 
relationship between the viewer and the im-
age of an icon, but the similar technical feature 

5. “. . . nellus,” Madonna and Child, Museo Nazionale di San 
Matteo, Pisa.

6. Master of Saints Cosmas and Damian, Madonna and Child 
with Angels, Museo Nazionale di San Matteo, Pisa.

7. Detail of the X-ray of the panel of Saint Francis, attributed 
to Giunta Pisano, Museo Nazionale di San Matteo, Pisa. The 
continuity of the wood grain shows how the wood has been ex-
cavated to form the frame.
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encountered on paintings of other types might 
bear this meaning to a greater or lesser degree. 
In fact, considering the scale, the function, and 
the original location of the Dossal of San Zeno-
bius, the slight convexity of the painting coin-
cides with the idea of an image radiating out to 
a group of people, but the difference in meaning 

between this kind of painting and an icon makes 
a reference to this symbolism quite unlikely.

It should be emphasized that the slight con-
vexity of the surface of the painting should not be 
interpreted with certainty as a feature of the ex-
ecution technique, because, as mentioned, it could 
also be due to the warping of the planks. The slope 

8. Christ Pantocrator with Saints Peter and Paul, Museo Nazionale di San Matteo, Pisa.
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of the frame, whose outer border is set back with 
respect to the inner one, is actually due to a differ-
ence in thickness of about 7 millimeters but the 
partial loss of the original thickness of the panel, 
due to having been thinned in the restoration of 
the 1930s, has caused the loss of important infor-
mation about the original geometry of the object.

In describing the conformation of the surface 
of the painting, we spoke of convexity, not curva-
ture. In the Dossal, as in the other paintings de-
scribed from Rome, Viterbo, and Pisa, a slight cur-
vature is present not only on the short side of the 
painting where the horizontal planks follow the 
natural warp, but also along the axis of the wood 
grain, which should not deform in the same way.

Analyzing some features of the 1930s restora-
tion, it is useful to focus on the choices and pru-
dence of that treatment. For example, the comple-
tion of the missing half of the frame along the long 
sides, made to match the slope of the authentic 
surfaces which intersect at the corners with the 
lateral, completely reconstructed parts, create a 
slightly peaked junction like a raised miter. Despite 
some work on the support typical of the practice 

of the time, the choice of not forcing the surface 
into complete planarity, which could have been 
done extremely simply, shows an awareness of 
the original intent. In trying to offer possible ex-
planations for this, we identified two likely ones. 
The decision may have resulted from the aware-
ness that straightening the planks was damaging, 
showing an extraordinarily advanced thinking if 
we remember the years in which the restoration 
took place. But considering that the painting, be-
fore this treatment, in all possibility had planks 
with their original thickness, Vermeheren and his 
team could have taken note of the convexity of the 
picture plane, thinning the back only so far as to 
create a flat enough surface for the cradle attach-
ment, without changing the conformation of the 
surface.

This idea could be confirmed by the fact that 
the removal of the wood must not have been 
much and above all, by the choice of completing 
the frames. By continuing the missing upper and 
lower part, giving a slope and a different thickness 
to the outer edge compared with that remaining 
of the original, and having reconstructed the side 
frame elements giving them the same slope, leads 
to, as noted above, the formation of raised beveled 
junctions in the corners of the panel. The slope 
of the original parts, truly slight, could have been 
blurred to reconstruct the missing parts flat, espe-
cially if for those who carried out the treatment of 
the 1930s, the slope was the result of the warping 
of the planks. It is clear instead that the slope and 
the formation of the shallow peaks in the corners 
of the painting is a desired effect. Considering that 
Vermeheren’s restoration had as a goal the elimi-
nation of all non-original parts and demonstrated 
innovation and respect for the authentic material 
in the retouching choices, it seems likely that the 
convexity of the pictorial surface was maintained 
and the choice of repairing the frame elements 
were meant as references to the construction tech-
niques of the artwork.

In the Florentine milieu, a painting very close 
to the Dossal of Saint Zenobius in terms of date, 
style, and structure, is the Madonna of Casale by 
the Master of Greve. The panel, dated to around 
the first half of the Duecento, is held in the stor-
age of the Soprintendenza at the Uffizi, and was 
restored at our facility in 1984–86. From the treat-
ment documentation22 and from direct observa-
tion we have acquired data on the construction 
technique. The painting is 180 x 79 cm and is 
made of two planks of 4 cm thick poplar, arranged 

9. Madonna Advocata, Santa Maria in Aracoeli, Rome.
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10. Madonna Advocata, Santa Maria in Aracoeli. Detail of the 
profile of the panel. The red line shows the slope of the frame 
and the slight convexity of the painted surface.

11. Master of the Bigallo Crucifix, Dossal of Saint Zenobius. 
Detail of the fills from the treatment made in the 1930s. The 
slightly peaked junction between bevels in the corners is visible.

12. Master of Greve, Madonna of Casale, Deposit of the So-
printendenza, Florence. Detail of X-ray showing the continuity 
of the wood grain through the picture plane and frame.

13. Crucifix of San Paolo all’Orto, Museo Nazionale di San Matteo, Pisa. Detail of suppedaneum where the panel can be seen to have 
been carved out.
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vertically, and reinforced by two crossbars at the 
top and bottom. The halo is made of coniferous 
wood, inset and glued along the upper margin of 
the panel. From the X-ray,23 the frame can be seen 
to have been carved out of the same two planks 
that form the panel, as in the construction of the 
Dossal of Saint Zenobius. The bosses in relief made 
with pastiglia and the band with the double vo-
lutes enclosing red diamonds echo the decoration 
of the frame of Saint Zenobius. In the Madonna of 
Casale there is no similar raised miter corner or 
slope of the frame though the support, being very 
deformed, does not provide a clear comparison. 
Though there is neither the convexity of the pic-
ture plane, given that the deformation of the sur-
face is clearly due to the warping of the planks, nor 
is there an outward sloping frame, it would none-
theless be useful to study the painting in greater 
depth with a more objective system, for example 
three-dimensional scanning.

The Madonna of Casale, apart from the simi-
larities to the Dossal of Saint Zenobius, is one of 14. Enrico di Tedice, Crucifix, San Giovanni alla Vena.

15. School of Bernardo Daddi, Madonna and Child, Opera di 
Santa Croce, Florence.

16. Detail from the side showing how the frame is carved out 
from the panel.
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the paintings in which a certain three-dimension-
ality is sought in the support which influences the 
perception of the image and where it draws on the 
choice of carving out a frame and picture plane 
from the same planks. This type of workmanship, 
typical of icons, is used in the Western world not 
only on small panels, but also on large artworks 
and even in some crosses.

In fact, Pisan examples include two large 
crosses in chestnut with carved-out supports: the 
Crucifix of San Paolo all’Orto (295 x 210 cm) from 
the beginning of the twelfth century, now at the 
Museo di San Matteo and the Crucifix of Enrico 
de Tedice (257 x 155 cm) from the mid-thirteenth 
century from the Oratorio of the Castello di Vico-
pisano and now in the church of San Giovanni alla 
Vena, of the same city.

Proceeding with the study of carved-out sup-
ports, it was also noted that this structural type 
is found among some panels made when the 
Trecento was well underway. Pacino di Bonagui-
da, who is documented in Florence from 1303 to 
1339, provides an example of the lasting nature 
of this technique in the remaining three panels 
of the polyptych from the church of San Procolo, 
depicting Saint Nicholas, Saint John the Evan-
gelist, and Saint Proculus and now in the Gal-
lerie dell’Accademia. Examining the sides of the 
paintings, it can be seen how each piece is made 
from two planks arranged horizontally and how 
the painted areas, carved out from the wood, are 
given cusped tops. The same technique is used 
for the remaining panel of a polyptych from the 
school of Bernardo Daddi (98 x 55 cm), depicting 
a Madonna and Child, belonging to the Museo 
di Santa Croce but currently under restoration at 
the laboratories in the Fortezza da Basso. In the 
Badia Polyptych, Giotto also painted on partially 
carved-out panels. Painted in the first years of 
the Trecento and on display in the Gallerie degli 
Uffizi, the altarpiece is made of five sections of 
poplar wood (142 x 337 cm in total) culminat-
ing in pointed arches, each with a central verti-
cal plank enlarged on both sides by an attached 
strip. From the X-ray,24 the painted surface and 
the cusped trilobe frame that surrounds it at a 
slightly higher level can be seen to have the same 
wood grain; furthermore, there are no signs of 
metal nails or wooden pins. This detail reinforces 
the idea that the planks were carved out in order 
to make frame and picture plane, as seen in the 
earlier panels mentioned above. The join between 
the central plank and the side strips runs through 

the picture surface and cusped frame, confirm-
ing that particular construction technique. Less 
clear is how the lateral columns are made. Each 
one corresponds to a side strip of the plank and 
seems carved from the same wood as this, but 
some circular marks visible in the X-ray with 
the same radiopacity as the planks, (one for each 
little capital) could be little wood dowels used as 
connectors between the columns and the base. If 
the circular marks correspond to these elements, 
the columns were made separately and then ap-
plied to the support.

Again from a Roman or Giottesque circle, the 
Madonna and Child of the Master of the Altieri 
Madonna, from around 1310 and now in a pri-
vate collection25 is painted on a carved-out sup-
port. In this case, the rectangular format panel 
(121.5 x 73.5 cm) has a simple flat frame that 
slopes down to the picture plane, exactly like in 
some of the previously described icons.

17. Master of the Altieri Madonna, Madonna and Child, private 
collection.
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The carved-out technique, frequently found in 
Byzantine icon panels, has been found in various 
kinds of Western paintings of different dimen-
sions, from early dossals, to crosses, up to four-
teenth-century polyptychs, so many as to form a 
specific structural category.

Certainly the paintings cited here are not the 
only ones made in this way, but we hope our re-
search can serve to lay out the basis for a more 
extensive study and contribute to the reading of 
the structural techniques of panel paintings.

Conclusions
This study, arising from the lack of original 

structural elements to explain the construction 
of the Dossal of Saint Zenobius, has shaped in-
terest in acquiring information on this particular 
technique of workmanship in panel paintings. 
Accordingly, a fascinating world has opened up 
in which values, symbolic meanings, and stylis-
tic constraints take turns or are fused together, 
developing forms and solutions that are open to 
interpretation.
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Gentile da Fabriano’s Polyptych of the Intercession:
A panel outside the canon

Ciro Castelli, Mauro Parri, and Andrea Santacesaria

Gentile da Fabriano’s Polyptych of the Intercession 
was made at the beginning of the third decade of 
the fifteenth century, during the artist’s sojourn 
in Florence (Fig. 1). In so far as it is still possible 
to categorize the polyptych by size and shape af-
ter the events of its history that have profoundly 
marked the painting, delivering to us an altered 
object, missing many of its structural parts, it re-
mains an unusual altarpiece in the panorama of 
Florentine paintings of the period.

The dimensions, 222 cm wide and 97 cm in the 
tallest part of the central section, give the compo-
sition a distinctive horizontal emphasis that in any 
case would have still existed even considering the 
likely loss of added elements such as a little pre-
della (mostly likely with an inscription and not a 

painted scene) and architectural pinnacles (Dia-
grams I–II).

The typology, therefore, does not fit into the 
tradition of the period in which there is a strong 
push toward surpassing compartmental pictorial 
subdivision and there is a search for a unification 
that develops shortly into the creation of the sin-
gle-scene altarpiece of the pala and its standard-
ized form, the so-called square pala.1

In the Polyptych of the Intercession meanwhile, we 
see an extreme of the idea of a polyptych, if you will, 
using the different sections figuratively as a succession 
of narratives, almost as if it were a pauper’s bible, or 
rather, a devotional treatise inserted in an altarpiece.

The iconographic theme of the Intercession of 
Gentile only has one precedent in Florence, that 

This text was originally published in Italian as:
Ciro Castelli, Mauro Parri, and Andrea Santacesaria, “Un supporto fuori dai canoni,” in Il Gentile risorto: Il “Polittico dell’Intercessione” 
di Gentile da Fabriano, Studi e restauro, edited by Marco Ciatti and Cecilia Frosinini with Roberto Bellucci. Edifir, Florence, 2004. 
pp. 127–140. Translated by Helen Spande.

1. Gentile da Fabriano, Polyptych of the Intercession, the back of the painting during treatment.
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of the painting on canvas attributed to Lorenzo 
Monaco from the Duomo and today in the 
Cloisters in New York. The narrative of Lorenzo 
Monaco happens in a two-dimensional space, 
a rectangle with a vertical emphasis, in which 
the painter uses as his narrative technique the 
dialogue that develops between the Virgin and 
Christ and between these two and God the Father. 
A dialogue that emerges so strongly as to also be 
rendered in written words: a kind of antique comic 
strip that links and binds together the holy figures. 
The use of gestures is insistent, typical of emphatic 
narration: the Virgin shows with one hand the 
small population of faithful hidden under her 
mantle, and with the other, the breast with which 

she has nurtured Christ. And Christ shows with 
one hand the hand of the mother, and with the 
other indicates the wound on his ribs, symbol of 
the suffering of the Passion.

In Gentile’s polyptych, however, the narrative 
structure is articulated inside of an architectural 
space, internally punctuated with pilasters that di-
vide the scenes into differently sized fields, two by 
two. The progression of five compartments dimin-
ishes in width from the central one toward the two 
sides, but this decrease is not harmonic. There is 
no proportional relationship between the width of 
the central compartment and those of the two ad-
jacent; nor between these and the two outer side 
scenes. In the same way, the heights of the apex of 

II. The dimensions of the individual planks.

I. The overall dimensions of the painting.
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the arches of the polyptych slope down from the 
center to the sides but this decrease is neither har-
monic, nor constant: the two side compartments 
adjacent to the central one are only a very small 
amount higher than the outer ones while the dif-
ference between their heights and the central one 
is more significant. On the other hand, the design 
of the curves of the arches of each single compart-
ment seems planned according to geometry and 
a precise stylistic choice: a mixtilinear form that 
generally can be considered to derive from the 
Ghibertian tabernacles of Orsanmichele.

An unusual type, therefore, which even mod-
ern criticism has difficulty inserting into a more 
precise category, so much so that Christiansen, for 
example, prefers to call it a “dossal,” or rather a “low 
gable dossal.”2 Even the fact that at a certain point 
in its history the polyptych was incorporated in a 
surrounding structure that made it like a step of 
an altar or a large shelf has probably influenced us 
when considering it in this light. In reality, for our 
interpretations of the painting and our hypotheses 
on reconstructing the arrangement of the origi-
nal, we need to always keep in mind its extreme 
fragmentariness, especially historical, as we do not 
know its destination or exact location. There is an 
entire series of conjectures based on categorical 
closeness or structural affinity to paintings of the 
same period or of the same school that are often 
applied to this kind of reconstruction that cannot 
be used here.

We begin from what appears immediately evi-
dent to an observer, that is, as mentioned, the di-
mensions of the painting, its horizontal emphasis, 
and then, to go into specifics, the criteria by which 
the materials were chosen and how they were as-
sembled to make up the support.

The study of these elements bring us to enlarge 
on the concept of distinctiveness, which applies to 
more than the shape but extends to the workman-
ship and the choice of planks: in fact, in this regard, 
it should immediately be noted that the planks used 
almost certainly were recycled, assembled together 
both vertically and horizontally (see pages 112–113) 
to obtain a surface of the desired dimensions. Thus, 
this first distinctive feature is the combination of 
vertical planks with a horizontal plank, united by 
numerous nails, distributed along the entire length 
(Diagrams III–VIII).

The shape of the arches was cut from the panel 
made after the assembly of all of these planks (Dia-
grams IX–X). This working method contains two 
unusual features to underscore if we compare this 
structure to that of the more traditional construc-
tion practice. Generally, in the polyptychs made of 
more than one compartment, each of these was 
constructed and cut individually, separately, and 
then the different parts were assembled through a 
variety of connecting and supporting pieces. These 
joins were made exclusively with glue. Sometimes, 
if the sections were not meant to make up a single 
pictorial surface, but remain separated by colon-
nettes (the typical polyptych in the strictest sense), 
they would even be gessoed individually.

This other unusual feature is that the carpenter 
created the crowning shape of the cusped arches 
by cutting through the entire, already-assembled 
panel in the presence though of a surface divid-
ed into isolated compartments on the front and 
finished with the addition of the pilasters. The 
carpenter behaved, from a construction point-
of-view, as if he were building a pala with a single 
scene, while then he went and made, from the 
front, a compartmentalized polyptych.

III. Diagram showing the placement of the nails in the altarpiece.
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IV. Diagram of the arrangement of the planks.

V. Setting up the cut for the half-lap join.

VI. Executing the half-lap join.

VII. Assembling the vertical portion.

VIII. Assembling the entire panel.

IX. Planning the arches.

X. Executing the arches.
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Another aspect that may shed light on the plan-
ning and working process is retracing the elements 
that allow us to understand the use of a precise geo-
metric method in constructing the contour of the 
polyptych arches. In fact, the lack of original frame 
elements along the entire upper perimeter has left 
visible a series of incisions in the wood occurring 

at regular intervals, based on which the perimetral 
cuts of the arches were made.

Though with modest imperfections, the in-
cisions mark the arcs of the regular circumfer-
ence that makes up both the concave and the 
convex curves of the arches. Of course between 
planning the work and thus tracing the arcs of 

XI. Application of the pilasters.

XII. Application of the framing element at the base.

2. Detail of the top: the arches have been traced out on the surface of the panel.

XIII. Application of the framing elements at the top.

XIV. Application of the framing elements at the top.
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the circumference to the actual carpentry phase 
there were slight variations and adjustments 
made (Fig. 2 and Diagrams XI–XIV).

Strong planning and geometry abilities ought 
to have been a standard skill set for the carpen-
ters and these abilities are often seen in the many 
traces left on panels over the course of planning 
the work and used to execute certain steps.3 It was 
rather the general discrediting of manual labor 
and craftsmanship from the eighteenth century 
onward with the beginning of the differentiation 
between theory and practice that relegated even 
past achievements into the shadowy area of man-
ual labor seen as a repetitive action, performed by 
illiterates and generic laborers.

The incised lines detectable on the panel, tied 
to the preliminary construction phase, also pro-
vide evidence that defining the upper contour 
was done with the panels joined together: there 
are incisions that appear to be only the remains 
(the survivors of the cut) of the straight lines that 
run along the whole width of the panel, to guide 
the operation of cutting and to be certain that the 
height of the tips of the arches were the same for 
each pair of side compartments.

Regarding the choice of wood, we see again 
that there is a departure from the more common 
practice, that is one in which there was undoubtedly 
a lot of attention paid to selecting good quality 
material which, over time, was in large part trusted 
to preserve the work of art. Both the selection of 
the wood itself and the structural criteria were 
changed and adapted to the construction needs 
as they developed over the course of centuries, 

incorporating an excellent technological awareness 
of wood and its behavior in relation to temperature 
and moisture fluctuations, as well as the aggressive 
effects of microorganisms and aging. Also, the 
fact that the art treatises address the selection of 
materials more than construction techniques for 
woodworking shows how this phase was subject 
to objective scrutiny and controls. It is no little 
wonder then to find ourselves faced with the 
employment of recycled materials in the wooden 
structure of the polyptych, and not only that, but 
that their assembly shows practices that are difficult 
to justify if we assume an interest on the part of the 
woodworker for the long-term preservation of the 
object.

In fact, even if building with old wood might 
not be by mere chance, but have been deliberate in 
that it offered a guarantee of better stability for the 
object, it should still be noted that this is usually 
achieved with a normal seasoning of the materials, 
without necessarily resorting to reusing planks.

The wood used for the polyptych, furthermore, 
might have been used previously for another altar-
piece, which was then dismantled into individual 
planks and then some of these were re-purposed 
to make up the panel of the new support. In par-
ticular, five of the eight could have even been cut 
from the same tree.

The recycled wood is also evident from read-
ing the X-radiograph: from traces of a typical ad-
justment and assembling of the new panel that 
caused the collapse of insect holes and the cavi-
ties of dowels; furthermore, the trace left on the 
back of the first compartment on the left reveals 

3. X-radiograph in which some of the central panels have insect tunnels that have collapsed and been filled with gesso.
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an overlying element in the longitudinal sense at 
a height of the impost of the arch, likely a cross-
bar (Figs. 3–4 and Diagram XV).

If the use of recycled wood was a deliberate 
choice, given the fact that, in any case, the planks 
used have good physical properties (they are radial 
cuts, a guarantee of stability), we should also con-
sider that since they were recovered from a similar 
structure, the selection had already been made at 
that prior time. And it therefore seems especially 
strange because the planks were not long enough 
to complete the required structure.

In fact, only this lack of length of the vertical 
planks seems to be the motivation that resulted in 
the use of a horizontal plank at the bottom to com-
plete and to close the final panel. Having planks 
no longer than 80 cm available (this is the height 
of the vertical planks), the carpenter was con-
strained to work out a complex system of half-lap 
joins to connect to this a long plank (222 cm) that 
runs the entire length of the polyptych and that 
adds to this about 20 cm of height, just making 
up for the insufficiency of the vertical planks. The 
work, however, was even more difficult (and con-
sequently, our ability to deduce the motivations 
becomes even more remote) in that the vertical 

planks do not make up a linear, horizontal panel, 
but end at different points. Therefore, adding the 
horizontal plank, brought about the need to adapt 
to a “stepped” shape. It certainly would have been 
simpler to straighten the base along the line of the 
greatest height obtainable of all the planks used 
vertically, so as to then join the horizontal plank 
along a straight line, but probably the stepped 
form was used to give greater strength to the join, 
exploiting the forces that the longer planks could 
sustain compared with the horizontal and in the 
joins between these.

Beginning with considerations relative to the 
dominant criteria in craft working practice, all of 
this is certainly rather difficult to explain: from the 
structural incongruences and the undeniable pres-
ervation repercussions that they would have in the 
future, we add a problem of economic management 
of the work: the loss of time, that is, derived from 
having to create a lap join along the entire length of 
the panel, and having to take care to keep the two 
parts of the support aligned, and, furthermore, not 
join along a straight line, but along a step.

Besides this, the join would be a fragile part if 
made with only glue, and therefore, the carpenter 
used a large number of nails (a good 45 of them) 
all along the length, inserting them both from the 
front and the back (and thus inviting the problems 
of contraction and lifting of the paint around the 
heads of the nails inserted from the front due to 
oxidation of the iron, as, indeed, has happened).

At this stage of the examination of the anom-
alies of the construction, other doubtful and 
thought-provoking aspects are seen in the lack of 
convincing signs of an original system of restraint 
on the back of the panel. Even accepting that it 
would have been superfluous to attach a cross-
bar along the lower edge of the panel because the 
plank has a horizontal grain, the lack of a crossbar 
at the top, which we had thought would connect 
along the imposts of the arches, remains to be 
explained considering Tuscan construction tradi-
tions. But in this area we found neither traces on 

4. Deterioration phenomenon on the right panel in which the 
wood surface shows furrows. The site of a collapsed dowel 
channel is visible.

XV. Diagram of the position of the dowel channels in the panel.



Structural Conservation of Panel Paintings at the OPD in Florence: Method, Theory, and Practice

108

the X-ray (original nails cut but remaining in the 
panel), nor traces of planing of the attachment to 
the back, nor traces of a different coloration of the 
panel along its length that suggest it having been 
protected from light and dust in an area corre-
sponding to a crossbar.

The back of the panel has numerous light 
brown, gesso and glue fills (Fig. 5). This proce-
dure was often carried out on the back of supports 
with the aim of repairing parts of the wood that 
are thought to be imperfect or have imprecisions 
of workmanship (patches or joins that do not 
align perfectly, knots, incorporated metal pieces, 
cracks, etc.) with the scope of safeguarding the ar-
eas most likely to be affected by deterioration. In 
the case of the panel of the Polyptych of the Inter-
cession this application and the areas it covers are 
important to interpret as it does not seem limited 
to the sensitive areas mentioned but relates to the 
general structure of the painting and the type of 
superficial deterioration of the back.

The fills cover, for example, the line of the join 
between the vertical panel and the horizontal 
plank and all the metal nails used to strengthen 
this attachment. Furthermore, corresponding to 
the first compartment on the left, the application 
of the fill material covers most of the surface; in 
the areas in which there are losses to this fill there 
is extensive deterioration underneath, that is on 
the panel, due probably to a biological attack, or in 
any case to a phenomenon of erosion of the wood 
substrate which has cut deeply along the grain.4 
This is a type of deterioration that is not due to 
normal aging of the wood and that does not affect 

the horizontal plank. Therefore this leads us to 
think that the deterioration for which the area was 
extensively filled was prior to the panel being put 
together and belongs to its earlier use. Again on 
the same plank, at the top, at the base of the arch, 
the fill stops and, more importantly, a portion of 
healthy wood is revealed (Fig. 6).

It seems that this different area has been some-
how protected from the biological attack that has 
affected the rest of the plank. From the shape of 
this “respected area” we think that this protec-
tion was due to the presence of an overlying piece, 
probably a crossbar.

If so, we infer that the plank was put to use be-
fore exactly in the same location as at the time of its 
second use (this one) so that the location of an old 

5. Some areas on the back have been protected by the applica-
tion of fill material.

6. The deterioration and the associated filling is interrupted in a 
deliberate way indicating the presence of an overlying element 
in the structure predating the Polyptych of the Intercession.
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crossbar and the position in which a new one would 
have been inserted would have coincided, accord-
ing to Tuscan polyptych construction criteria.

However, as mentioned, if there ever was a 
crossbar in the second and current polyptych, it 
is difficult now to detect traces of its anchorage to 
the support. It has to be honestly conceded that 
the wood of the panel does not show any relevant 
color change marking different exposures to ultra-
violet light and atmospheric agents and therefore 
indicating where a crossbar was for a certain pe-
riod of time.

In general, the absence of signs either by visual 
or radiographic examination of a continuous and 
unequivocal series of attachments for crossbar el-
ements, above all in the area in which they would 
probably be found corresponding to the base of 
the arches, is a fact to emphasize. It remains pos-
sible though that there was, however, a restraint 
system.

The only signs of one that we can detect are 
less noticeable than radiographic traces but result, 
more than anything, from the study of the behavior 
over time of the vertical panel. In particular, the 
support shows slight warping deformation in the 
central part of each of the main compartments and 
additionally, the prominent cracks that appear even 
on the painted surface are caused by friction and 
restriction of the movements of the planks, like that 
generated by a system of restraint. In fact, a free 
panel would have deformed in a uniform way and 
would reflect the cut of the planks and not have 
the more regular rhythm arguably corresponding 
to regular intervals of crossbar attachments. 
Furthermore, the cracks would have been mostly 
produced in the lower part, near the join with the 
horizontal plank that makes for a truly rigid body. 
We can therefore imagine that the panel had a kind 

of restraint (in the form of a crossbar) distributed 
in the spaces between single scenes, but it is not 
possible to jump ahead and formulate a hypothesis 
on its shape and anchorage points.

Regarding the general architecture of the paint-
ing, it is not possible to go beyond conjecture.

At the top of the small half-pilasters, custom-
cut, rectangular notches were used to hold the 
ends of the pinnacles, now lost (Figs. 7–8). A cu-
rious detail is that one fragment of these remains. 
Beyond the pilasters closing the outsides, beyond 
the painted surface, there is a bare wood strip 
into which pilasters or colonnettes finishing the 
sides of the architecture of the polyptych prob-
ably fit (Fig. 9).

Of note, in fact, is how these outer pilasters 
are not finished on the external side. There is no 
gesso coating, but rather the dripping of the gesso 
from the ground; the outer corner is not rounded, 
as instead all the others are, and the abacus ends 
smoothly at the edge without continuing on the 
outer sides (where evidently it was not necessary 
due to the presence of a finishing element). On the 

7. The attachment for a pinnacle was left in a cavity in the panel. 8. The attachment for a pinnacle was left in a cavity in the panel.

9. Detail of the lateral band left as bare wood.
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cornice of these two outer pilasters, furthermore, 
there was no original hole for housing the pinna-
cles, but one with a circular shape and a depth in-
sufficient to sustain a pinnacle. The last element of 
our analysis is that of the presence in the panel of 
two dowel cavities, on each side of the polyptych, 
at a perfectly symmetrical height: these might in-
dicate the presence of a lateral pillar to which the 
dowels would have served to reinforce the attach-
ment.

These side elements would have therefore 
overlapped the area that is unfinished, resting 
against the outer pilasters, completing the rough 
side, and connecting with the (hypothetical but 

possible) upper crossbar and the aforementioned 
dowels located in the sides of the panel.

Though, as mentioned previously, the indica-
tions of the presence of a crossbar at the base of 
the arches are not clear. However, its presence 
would have served in an architectural structure of 
this type.

To conclude the hypothetical reconstruction 
of the original structure, we need to explain how 
it was likely that the panel of the current painting 
extended by about ten centimeters more at the 
bottom (Fig. 10). The current thickness of the lower 
side shows uncovered wood-boring beetle galleries 
and signs of an untrimmed cut. The hypothesis 

10. Detail of the base of the panel where the collapsed insect tunnels are evident.

XVI. The exploded view of the reconstruction of the original 
architecture.

XVII. The axonometric view of the reconstruction of the origi-
nal architecture.
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regarding the dimensions of the lost part is based on 
the current position of the dowel holes on the sides 
of the panel. These are off-center by ten centimeters 
toward the bottom with respect to the entire height 
of the current support (arches excluded). These are 
most likely the only dowels used functionally for 
the structure (the others, detected in the X-ray, as 
already mentioned, are traces of the preceding use 
of the planks with a different structural purpose), 
they correspond to a structural logic that would 
place them at the center of the full height of the 
panel. We must therefore suppose that the missing 
portion measured about 10 cm, which serves to 
make up the average distance of 37 cm between the 
dowel and the base of the arches. The space of 10 cm, 
therefore, would not be such as to accommodate a 
proper narrative predella, but more likely, a band, 
perhaps with an inscription and associated framing 
(Diagrams XVI–XVIII).

In contrast to all of the considerations made 
up to now relative to the possible preservation 

precariousness conferred by the structural 
anomalies of the panel, the polyptych is in a 
relatively good condition from a structural point 
of view and its paint layers are generally stable. 
Most likely a good part of the merit of this goes 
to the application of a canvas over the entire 
support: carefully selected and applied textile 
lengths that contrast, if it is possible to say so, with 
the construction of the panel. In fact, the canvas 
is applied in a single piece over each pictorial 
compartment (in the X-radiograph, the edges 
of the pieces are only seen at the borders of the 
compartments). It should be noted that according 
to the narrow specializations of the workshops of 
the early Quattrocento, the phase of preparing the 
panel was in the hands of separate profession, that 
of the so-called gessoers (ingessatori) of whom we 
have evidence from numerous documents from 
the period and therefore the differences between 
the careful and the apparently unorthodox 
workmanship could be explained this way.5

XVIII. The hypothetical reconstruction of the architecture seen frontally.
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The support of the Polyptych of the Inter-
cession is 222 cm wide, 97 cm at the highest 
point, and 2.3 cm thick. It is made of nine 
poplar planks, eight of which are positioned 
vertically and one horizontally at the bottom 
as the base of the panel. The eight vertical 
planks have a radial cut; they show a distinct 
growth ring pattern that appears with regu-
larity at a distance of about a centimeter; the 
direction of the grain is moderately sloped. 
In particular, the fifth plank on the left, cen-
tral with respect to the overall composition, 
has a decisive curvilinear grain. The plank at 
the bottom is a sub-tangential cut and has 
numerous knots.

The vertical planks are assembled with 
butt-joins with a simple gluing and without 
using internal connecting elements. These 
form a whole that is united to the horizon-
tal plank with a half-lap join carried out 
with a rather unusual method: the vertical 
planks have been carved out on the back to 
yield a straight cut, while on the front, the 
border of the join is irregular. The area of 
the half-lap join has been reinforced with 
nails inserted alternating from the front 
and back.

The support has been finished on 
the front with rectangular pilasters with 
rounded corners that separate the individ-
ual scenes; these pieces have been nailed to 
the panel. On the upper and lower border, 
a simple frame has been attached with glue 
and thin metal nails. These are flattened 
and without heads, typical for this use. The 
frame circles around the ends of the pilas-
ters and follows the mixtilinear forms of the 
arches. In the upper part of the pilasters, 
in holes made for the purpose, the points 
of pinnacles were inserted. The lateral pi-
lasters leave uncovered a strip of the panel 
onto which were probably applied pilasters 
that laterally closed the composition.

The 18th century addition
In formulating hypotheses on the 

original structure of the polyptych, we 
have to keep in mind the added portion in 
eighteenth-century style that attached to 

the top and formed the frame. This element 
appears in old documents as still together 
with the painting and was likely removed 
during the restoration of 1983 (Fig. 11). 
After about twenty years during which it 
was left in storage and thought lost, it has 
been recently rediscovered and brought to 
the laboratory for study and comparison 
with the Polyptych (Fig. 12).

Some very meaningful findings have 
emerged. The support of the addition is 
made of poplar wood and its main body 
is composed of two planks joined along 
their lengths, oriented horizontally, and 
continuous with the plank of the support. 
(Fig. 13). These planks have been shaped so 
as to fit the mixtilinear profile of the upper 
border of the painting. In particular, the edge 
corresponding to the central section and 
that adjacent on the right have a profile that 
does not complete the cusps of the inscribed 
arch and this is seen on the polyptych: 
in these areas, the apex of the arches are 
in fact cut, likely just for fitting into this 
structure (and were then reconstructed in 
the treatment of 1983 when the structure 

Construction technique of the wood panel

11. Polyptych of the Intercession squared up with a 
frame.

13. The reverse of the added portion.

12. The added portion.
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was removed, bringing to light the truncated 
arches) (Fig. 14). We can imagine that 
during the operation of filling in and 
squaring up these modifications were made 
either because the areas had deteriorated, or 
perhaps rather that there was a fear that the 
precise execution of the profile, especially 
that of the central panel, would cause a 
decided weakening of the structure. The two 
added and shaped planks were reinforced 
and finished architecturally on the front 
by an overlying frame. Furthermore, on 
the surface adjacent to the frame of the 
polyptych in correspondence to the capitals 
of the pilasters, decorative half-amphorae in 
poplar have been attached; these elements 
were glued onto the surface and show signs 
of having been turned (Fig. 15).

The structure was firmly anchored to 
the upper border of the polyptych by nails 
inserted diagonally from the top on the edg-
es of the arches. On the sides, two planks 
held with a half-lap join to the planks of the 
addition, extend and are anchored to the 
lateral parts of the polyptych, probably with 
nails inserted from the sides into the edges 
of the panel.

It appears evident that reading the nu-
merous clues present on the panel of the 
Intercession ought to take into consider-
ation a stratification of signs whose transi-
tory causes makes a secure chronological 
determination difficult.

14. Detail of the reverse corresponding to the central 
panel with an incomplete contour.

15. Detail in raking light of the small attachment. 
Toolmarks are visible on the base from turning.

1 On the transformation of the polyptych 
to square pala there is a vast bibliography. 
Three contributions, that also summarize the 
historiography, are C. Merzenich, “Carpentry 
and Painting in Florentine Altarpieces of the 
First Half of the 15th Century,” Mededelingen 
van het Nederlands Instituut te Rome 55, 1996 
(1997), pp. 111–148; C. Frosinini, “Il contesto 
storico nell’evoluzione tipologica della pala 
d’altare: alcune note,” in Dipinti su tavola. La 
tecnica e la conservazione dei supporti, edited 
by M. Ciatti, C. Castelli, and A. Santacesaria, 
Florence 1999, pp. 29–36; and A. De Marchi, 

“Norma e varietà nella transizione dal polit-
tico alla pala quadra,” in Storia delle arti in 
Toscana. Il Quattrocento, edited by Gigetta 
Dalli Regoli and R. P. Ciardi, Florence 2002, 
pp. 199–222. For a treatment of the problem 
from the point of view of structural technique, 
see C. Castelli, M. Ciatti. M. Parri, A. Santac-
esaria, “Considerazioni e novità sulla costru-
zione dei supporti lignei nel Quattrocento,” 
OPD Restauro 1997, pp. 162–174.
2  K. Christiansen, Gentile da Fabriano, 
New York, 1982, pp. 105–107.

3 J. White, “Measurement, Design and Car-
pentry in Duccio’s Maestà, part 1,” Art Bulle-
tin 55, 1973, pp. 356–358
4  The channels are perfectly superimposable 
over the lighter spring/summer portions within 
the dark, well-marked, annual growth rings.
5 R. Bellucci, C. Frosinini, “Working To-
gether: Technique and Innovation in Maso-
lino’s and Masaccio’s Panel Paintings,” in The 
Panel Paintings of Masolino and Masaccio: 
The Role of Technique, edited by C. B. Strehlke 
and C. Frosinini, Milan 2002, p. 30. 
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The condition of the panel
The observations made on the structure of the sup-
port, as we have described earlier, besides showing 
the anomalies of the construction, have led to a 
consideration of the preservation state of the ob-
ject. For the planks placed vertically, various splits 
of modest size were found, while in the horizontal 
plank at the bottom, there were other cracks that 
were larger in length, width, and depth. These 
phenomena are due to the unusual construction 
technique of the support with planks positioned 
in opposition.

In this panel, the problems of deterioration were 
accentuated due to an old, widespread wood-bor-
ing beetle infestation resulting in extensive galleries 
that weakened the areas along the joins between the 
horizontal plank and the vertical ones. Moreover, 
the plank at the bottom, both due to its aging and its 
sub-tangential cut, is modestly warped and shows 
wide cracks along the grain. Especially in this plank, 
the insects have caused an erosion of the wood ma-
terial and a general fragility.

Insect damage is also found on part of the 
frame at the bottom while all the frame elements 
at the top have been lost.

The previous campaign of restoration on the panel

The last treatment on the panel dates from 1983 
and was carried out on the structure without sub-
stantially affecting the original assembly; at that 
time the work was limited to removing the 18th 
century frame and closing the cracks by insert-
ing poplar wedges; these elements, inserted with 

a good technique even though using new wood, 
served not only to reconnect the pieces, but to fill 
the gaps caused by the contraction of the wood.

To support the panel a new crossbar had been 
made, placed in the upper portion a good way 
beneath the bases of the arches. This placement 
differs from the traditional or prevalent standard, 
certainly not random, that dictates the crossbar 
placement directly at the bottom of the arches. 
This crossbar was made of Masonia walnut and it 
was fixed to the panel with screws passing through 
slots cut in the crossbar and screwed into bush-
ings inserted in the panel.

The treatment of the panel and reconstruction of 
the frame

Considering the condition of the painting and 
the previous treatment, our project foresaw gener-
ally improving the structural integrity of the panel, 
the removal of the crossbar at the top, and the 
provision of a new system of restraint that would 
provide a constant connection and support for 
the panel. At the bottom, the splits and the deep 
cracks due to the natural shrinkage of the wood 
had been reinforced in an effective and traditional 
way in the earlier treatment, therefore, only the re-
maining small fissures overlooked in the past were 
reinforced this time with the technique of insert-
ing aged wedges of poplar wood into thin channels 
cut with the electric router and glued with a PVA 
adhesive (Fig. 1).

The limited eroded areas were repaired with 
small inserts of aged poplar and some areas of the 
lower frame were also reconstructed (Figs. 2–4).

This text was originally published in Italian as:
Ciro Castelli, Mauro Parri, and Andrea Santacesaria, “L’intervento di restauro del supporto” in Il Gentile risorto: Il “Polittico 
dell’Intercessione” di Gentile da Fabriano, Studi e restauro, edited by Marco Ciatti and Cecilia Frosinini, with Roberto Bellucci, 
Edifir, Florence, 2004, pp. 157–160. Translated by Helen Spande.
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1. Cutting the channels for repair of the small splits with wedges.

2. Reconstruction of the tip of the arch with aged poplar pieces.

3. A step in the compensation and repair of the lower frame.

4. A step in the compensation and repair of the lower frame.

5. The placement of the anchorage points for the supporting 
framework. The attachments are aged walnut and simply glued 
to the panel.

6. Some areas have been extended to allow for good contact 
between panel and supporting framework.
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7. Detail of a model of the anchorage between crossbar and 
support. The cutaway shows, from the bottom: panel, walnut 
foot, conical spring, and regulating nut.

8. The back of the panel after the application of all the attachment points for the supporting framework and crossbars.

9. Paper model of one of the curvilinear frame elements of the 
arch.

10. Profile of the frame and a straight sample made of poplar 
wood.
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The support on the back was trusted to a chest-
nut framework with internal crossbars that fol-
lowed the perimeter of the panel and crossed just 
under the arches. This was anchored by means 
of oscillating screws held on small circular wood 
bases; the screws pass through the framework and 
attach to an adjustable spring and regulating brass 
nut (Figs. 5–8). The supporting framework has the 
functions of restricting the warping deformations 
of the panel, sustaining the weight of the object in 
an even way, and protecting the margins; further-
more, it allows the back to be sealed by paneling 
to reduce the exchange of humidity between the 
painting and the environment.

The protection can be calibrated according 
to different needs with the insertion of not only 

barrier materials but also buffers, for example, 
Artsorb or silica gel. Furthermore, the framework 
is furnished with feet that allow the painting to 
be freed from having to sustain its own weight, 
especially considering the fact that a critical 
point in this regard is the lower plank on which 
the weight of the entire panel rested and which 
showed a tendency to warp.

The frame elements positioned along the 
arches were reconstructed following a careful 
examination of the original parts still present 
on the capitals and pilasters and whose profile 
connected the entire upper section of arches. 
During the reconstruction, the original criteria 
of workmanship was followed, seeking a geo-
metric regularity, interrupting the elements of 

11. Transfer of the shape onto wood and the execution of a 
curved frame element.

12. Application of part of the frame on the arch.

13. The back of the wood panel after treatment.
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the curved profiles, distinguishing the arched 
sections from the straight. The sections were 
firmly joined to each other, resting on the un-
painted part of the panel and held by pairs 
of brass L-brackets on the outer edges (Figs. 
9–12).

The panel was protected from xilophagous in-
sect infestation with Permetar dissolved in min-
eral spirits. On the back, a coating of microcrys-
talline wax was applied as a protection against 
sudden fluctuations in the humidity of the envi-
ronment (Fig. 13).



Niccolò Liberatore called L’Alunno, Coronation of the Virgin, 1495, Church of San Niccolò, Foligno. 
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Niccolò Liberatore called L’Alunno:
Painting methods of an artist
who adopted the technical innovations of his time

Ciro Castelli, Mauro Parri, Patrizia Petrone, and Andrea Santacesaria

The altarpiece of the Coronation of the Virgin is 
located in the church of San Niccolò in Foligno 
over the altar of a side chapel dedicated to Saint 
Anthony. Giovanni Antonio Marini and his wife 
Antonia commissioned it from Niccolò Libera-
tore. Since the altarpiece was not finished before 
the death of the couple, it was ultimately delivered 
to the brother of Antonia, Pierangelo di Gianni di 
Ser Nuti who was the executor of the will.

The discovery of a document dated September 
11, 1495 recording the delivery of a painting on the 
part of Niccolò Liberatore called l’Alunno (a well-
known artist of the Umbrian-Marches territory) 
to said Ser Nuti for an altarpiece intended for the 
chapel dedicated to Saint Anthony Abbot in the 
church of San Niccolò is the substantial reason to 
attribute this painting to this artist. It is confirmed 
by the presence in the painting of Saint Anthony 
and by stylistic observations.

This altarpiece belongs to the late period of 
the artist in that it adopts the innovation of the 
Renaissance-style square pala (as already seen in 
the altarpiece of the church of San Giovanni Bat-
tista in Cannara though in a more archaic form 
for its gold background), while in our example the 
subject is inserted into an airy and extensive land-
scape with small vignettes, and the lateral saints 
accentuate the depth of the view.

The structure of the support of the pala, though 
clearly not intact due to missing the pinnacle and 
some restorations, seems to fit with typical fifteenth 
century constructions. The painting is made of four 
parts: the predella as a base, the square panel with 
nailed architrave, and the lateral pilasters.

The painting depicts the Virgin crowned by 
Christ: these figures are placed in the sky in an 
ogival cloud framed by a double ring of cherubs of 
which the inner is on a gold ground and the outer 
on a painted ground; golden rays surround the fig-
ures that stand out against the sky above a hilly 
landscape carved by a river; in the foreground, to 
the sides, are two kneeling saints, Saint Bernadino 
of Siena and Saint Anthony Abbot.

The predella has a gilded frame and a stripe of 
gold around the painted area; the image of Christ 
in the center, the Madonna to the left, and Saint 
John to the right are all enclosed by gold circles; 
a pair of angels holds a shield at each side of the 
composition; amphorae with garlands are in the 
spaces between the circles; and a red ribbon con-
nects the various elements.

The pilasters have Corinthian capitals and are 
topped by a carved entablature. Each pilaster is 
painted with floral garlands and, unusually, there 
is a cut across the upper part; the sides of the pilas-
ters are decorated with imitation marble, typical of 
the Umbrian-Marches region at the time.

The painting was located in a side chapel over 
an eighteenth-century altar decorated with white 
stucco with columns and putti on the sides. It was 
surmounted by a lunette decorated with leaves and 
a large eye. At the time the painting was added to 
the eighteenth-century altar, it was already missing 
the upper part, and we don’t know on what occa-
sion this was lost or removed, perhaps due to dam-
age in an earthquake that had struck the church.

The painting reached our laboratory in Sep-
tember of 2002 in two separate parts: the predella 

This text was originally published in Italian as:
Ciro Castelli, Mauro Parri, Patrizia Petrone, and Andrea Santacesaria, “Niccolò Liberatore detto l’Alunno: Procedimenti pittorici di 
un artista che coglie gli sviluppi tecnici del periodo,” OPD Restauro, n.s. 18, 2006, pp. 185–201. Translated by Helen Spande.
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typical signs that indicate, besides belonging to 
the same trunk, that one came after the other. The 
panel has two wooden inserts in the right part, 
patching malformed areas of the wood (Fig. 3). 
The X-radiograph shows how these were made in 
different ways: one is composed of two pieces of 
wood of different sizes nailed together that make 
up a half-lap join; the other is a single element 
fitted into a half-lap join. These inserts are fixed 
to the support with glue and nails inserted under 
the preparation layers and bent around on the 
back.

The workmanship of the back of the panel is 
very uneven, leaving visible the diagonal cuts of 
the saw, the wide scoop of the adze, and chisel 
marks. As mentioned, the panel thickness is quite 
irregular; for the most part it is 5 cm but with 
two horizontal lengths that are decidedly lower 
by 1 cm with adze marks and broken wood grain 
along the upper and lower edges. Furthermore, 
irregularities are found in the execution of the re-
straint system for controlling deformations of the 
panel. This consists of a single crossbar placed at 
the bottom and held with nails, while on the top, 
the restraint is trusted to the architrave applied 
with nails from the front. The lower batten is 15 
cm high and 2.2 cm thick in cross-section and 
furthermore, its position is 4 cm away from the 
lower margin. This seems quite weak and flex-
ible in relation to the thickness and the dimen-
sions of the support (5 cm): this choice indicates 
an awareness that the planks could warp over 

and the main panel complete with pilasters and 
upper frame. Various areas had been protected 
with Japanese tissue adhered with Plexisol to pre-
serve lifting paint and prevent losses (Fig. 1).

The painting, during restoration treatment, 
was included in the exhibition “Nicolaus Pictor. 
Niccolò Liberatore detto L’Alunno: artisti e bot-
teghe a Foligno nel Quattrocento” curated by 
Giordana Benazzi and Elvio Lunghi and held at the 
Palazzo Trinci in Foligno from May 29 to October 
3, 2004. It returned to the Fortezza afterward for 
the conclusion of the restoration work.

Execution technique
The wood panel

The painting displays innovative elements, 
both structural and formal (Figs. 2, 21).

The panel is 187 cm high, 156 cm wide, with 
a thickness of 5 cm throughout most of the cen-
tral area, while the upper and lower parts are 4 cm 
thick. The panel is made of four planks of poplar 
wood arranged with the wood grain running verti-
cally and joined with butt-joins. The quality of the 
wood is not good. The planks are 19, 60, 56, and 
21 cm wide and are sub-tangential cuts. Further-
more, large knots create grain and texture devia-
tions in more than one direction. We don’t know if 
the carpentry was carried out in the bottega of our 
painter, one of the best known in the area at that 
time, or by a “magister lignaminis” at his request.1

The right panel, along the outer edge has ex-
tensive wane, while the two central ones have 

1. The painting as it arrived in the laboratory. 2. The back of the wood panel before treatment.
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with these elements the dimensions of the paint-
ing reach 192 cm high, and 163 cm wide. Each 
pilaster is made of two elements arranged as an 
“L”; the upper part ends beneath the carved capi-
tal. These elements rest against the support and 
are held with three large nails each.

The predella
The predella is the step type, 26.5 cm high 

and 191.5 cm wide. It consists of the front paint-
ed panel with a sub-tangential cut, 2.5 cm thick, 
placed horizontally to which there is, above it, a 
plank placed as a surface for the painting to rest 
on; the join between the two planks is reinforced 
on the sides and originally by a rectangular wood 
divider placed vertically in the center. The cur-
rent plank at the bottom is not original. The pre-
della shows other signs of past restorations and 
the presence of new internal vertical elements 
(Fig. 5).

time. This feature is contradicted in the upper 
part where the restraint is trusted to the archi-
trave which, due to its dimensions, is very rigid. 
In the past, vertical wood elements connected an 
overlying structure as seen from two rectangular, 
smoothed, symmetrical areas, and above these, 
a series of nail holes (Fig. 4). Two pilasters with 
capitals complete the architectural structure; 

3. Detail of the original wood insert. The nails that have been 
bent back are visible.

4. Detail of the top where the shallower area is visible. 5. Detail of the predella.
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with soft, confident strokes, and the use of lighter 
marks when less loaded with pigment. Again with 
a brush, the artist used washes to create volumes 
and accentuated shadows with crosshatching. 
For example, in the mantles the lines go from 
barely present, to short and strong, determining 
the depth of the folds. The outlines of the faces 
are made with light, confident strokes and the 

The painting
The underdrawing

The process of creating the painting has been 
analyzed with infrared reflectography using a 
camera with a filter removed and with a scanner. 
The latter has provided very precise results, down 
to showing the smallest detail. The imaging has 
revealed a brush drawing using a carbon-based ink 

6. Infrared reflectography carried out with a scanner that shows 
the brush drawing of the face of the Madonna with subtle 
chiaroscuro washes and more defined lines for the outlines of 
the hand and face.

8. Infrared reflectography showing the brush drawing of 
the mantle of the Virgin; the chiaroscuro is obtained with 
crosshatching.

7. Infrared reflectography showing the brush drawing of the 
face of Christ and the emphasis of the chiaroscuro washes.

9. Infrared reflectography made with the scanner that shows 
the pentimenti of the beard and arm of Saint Bernardino.



125

Ciro Castelli, Mauro Parri, Patrizia Petrone and Andrea Santacesaria, Niccolò Liberatore called L’Alunno: Painting methods …

not correspond to the overlying paint. Perhaps the 
clouds were initially planned to be thinner. Some an-
gel wings are more pointed at the ends, while other 
figures have been painted over.

shadows appear as washes. In some passages of 
more transparent paint, the underdrawing lines 
are visible, as in the rocks to the right.

The drawing is well defined and precise in the 
landscape as well. The painting corresponds perfectly 
to the underlying marks; the levels of whites, greys, 
and blacks have been planned completely.

At the compositional level, there are a few, mini-
mal pentimenti in the figure of Saint Bernadino of 
Siena: the flowing beard was wider and the hand 
and arm up to the elbow were slightly shifted; in the 
predella, the leg of the cherub at the extreme left has 
shifted slightly. These variations are also visible to the 
eye due to the thin application of paint (Figs. 6–10).

Incisions
The incision lines follow the traditional rules only 

in part, as in where they accurately demarcate the 
boundary between the areas to paint and those to 
gild. In this painting, the incisions are more precise in 
the area of the ogive around the outlines of the wings 
of the angels, in the cloud, etc., and not visible in the 
folds of the drapery. In the clouds that surround the 
image of the Coronation, marks are visible that do 

10. Infrared reflectography showing the central landscape painted with washes.

11. Raking light shows the nails in relief holding the wood patch 
and the join with the side plank.
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12. The procedure of extracting the crossbar with core cuts 
around the nails.

13. Reinforcement of the upper cracks with small, aged poplar 
wedges.

14. Reinforcement of the central join at the top with inlaid, aged 
poplar.

15. Detail of a cylinder built around a nail shaft.

16. Gluing the original crossbar to the cylinders.

17. Detail of the repair to the original crossbar.

18. Detail of the crossbar, of the nail, and of the cylinder after 
gluing.
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tion sample #3 (Figs. 22, 23) rare granules are 
found, and observing the UV fluorescence, we 
see the presence of oil.2

3) The underpainting or imprimitura. The painter 
of this altarpiece did not use an imprimitura 
made of pure lead white, except under a band 
of pale sky (see sample #4; Figs. 24, 25) where 
the paint on top is made of lead white with a 
small amount of azurite. The first layers al-
ready provide a thin and opaque ground tone, 
rich with binder (glue) and with light washes; 
in the upper part of the sky where the tone is 
dark, the paint of the underlayer is based on 
lead white and indigo. In sample #4 the adhe-
sion between the underlayer and the overlying 
paint is poor, especially where there is a greater 
presence of lead and tin, causing losses to the 
paint layer.

4) The gilding. In this painting, the artist uses var-
ious gilding techniques. The gold of the central 
ogive and of various parts of the pala are water-
gilded over a very orangey-red bole, darkened 
in parts by other materials. The metal leaf is so 
thin as to render visible the areas of overlap; 
we found a different gold by weight and col-
oration on the capitals. The bole layer seems 
more opaque and less bright; due perhaps to a 
later re-gilding, in fact it is intact with respect 
to other parts.
The water gilding still follows the four-

teenth-century technique, as described by Cen-
nini: demarcated by incisions, avoiding that 
leaf spills over the line, and with well-cleaned 
contours. Following his drawing tendencies, the 
artist demarcated most of the gilded part with 
a thick, black line. The haloes of the angels and 
the saints have an elliptical form, giving a sense 
of depth. From the center of the head, the inci-
sions begin which project as rays and become 
denser, creating a sense of rotational movement 
with points of light. The decorations are simple 
with a double, incised outline with punchmarks 
in the center. For the figures of the Madonna 
and Christ, the crowns are on top of the haloes; 
that of the Madonna is incised around the out-
line, with graining and drawing, differently from 
that of Christ which is incised and painted. The 
cherubs drawn with black lines on the gold have 
a volume rendered by chiaroscuro drawing and 
accentuated by toned parts and other parts with 
graining; they stand out from the dark back-
ground made by a cross-hatching black lines 
and further toning.

Incisions with the function of marking the 
position of the pilasters accurately are on the lat-
eral edges of the painting along its whole length; 
on these are also short marks that correspond to 
the analogous painted elements on the two sides 
(marking the position of the clouds, bands of color 
in the sky, etc.).

The preparatory layers
In this painting, the artist made use of distinc-

tive techniques in various stages:
1) The gesso of the ground. Only coarsely ground 

gesso applied in three successive layers was 
found in the areas where samples were taken. 
From sources, we know that in paintings from 
the same period, the preparation becomes thin-
ner, some procedures are accelerated, and the 
use of gesso grosso disappears. Cennino Cennini 
describes the preparatory layers clearly.

2) The warm tone of the ground. A warm under-
lying color was found by examination with the 
microscope and from the cross-sections. We 
don’t know if the presence of minium, found 
under some passages, is due to an impurity or 
to an application of drying oil: in cross-sec-

19. Detail of the lower part at the end of the treatment: the re-
inforcement of the crack with small wedges and the crossbar 
anchored again to the original nails.
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The painting
In this painting the artist wanted to exalt the im-

age of the Virgin crowned in the sky through various 
methods and different painting techniques, effects 
expressed exhaustively through the golden rays that 
converge at the center and the double ring of cherubs 
who with gestures or their gaze point to the vision.

The craquelure typical of all early paintings 
is lacking in this one due to the glue-based paint 
medium. We see, however, that in the paint of 
the mantle of the Madonna and Christ there are 

Another gilding technique is found in the dec-
orations of the drapery and mantles, in the haloes 
of the figures in the predella, and in the rays that 
project from the mandorla. In all of these details 
we see an amber substance used as a mordant for 
the gold; only in the rays does the mordant have 
less thickness. For that applied over the paint of 
the sky, the red color is from cinnabar, used to 
mark out their placement. The brightest high-
lights of the red lake robes of Saint John in the 
predella are very tiny, almost imperceptible.

20. The wood panel after treatment.
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To identify the pigments used by the presence 
of specific elements, the analytical method that 
provided the most thorough results was X-ray flu-
orescence.3 A comparison between XRF and false-
color infrared reflectography of the blues yielded 
conclusive evidence of the painting technique. 
(Figs. 26, 27).

In the sky, in the pale band on the horizon, the 
painter employed a first layer of lead white mixed 
with a small amount of indigo which yields a rosy 
tone with false-color IR. We also found the presence 

slightly diagonal lines that do not follow the grain 
of the wood but that suggest the presence of an 
underlying canvas, not detectable with X-rays.

In terms of painting techniques, the artist 
shows an awareness of methods of the Northern 
masters with whom there had been contact both 
in the early period of the Quattrocento, and in 
the last decades of the century. The most carefully 
painted areas of the altarpiece that show these 
methods most clearly are the predella and the fig-
ures in the mandorla.

21. The altarpiece: overall in normal light, before treatment.



Structural Conservation of Panel Paintings at the OPD in Florence: Method, Theory, and Practice

130

brush strokes without the green of the prepara-
tion or underlayer; in the other male figures, a 
base tone with a greater quantity of ochre is used, 
and the painter works again with glazes, blending 
the brush strokes. The search for technical sim-
plification also derives from the Flemish masters; 
the design is enhanced with precise and deliber-
ate marks and the expressions are highlighted with 
chiaroscuro contrasts.

In other parts of the painting, the technique 
is similar though the thinly painted areas appear 
to have more covering power. The violet robes of 
the saint are obtained without an imprimitura but 
with paint containing red lake, copper, and lead 
white, with diagonal lines in the mid-tones.

The habit of Saint Anthony Abbot in pale grey 
is made with lead white with black and in the 
warmer tones with earths. In these passages, the 
mid-tones are pigment-poor, leaving visible the 
warm tonality of the ground, the shadows and the 
highlights are more opaque.

The contours of each single shape are high-
lighted with a neat mark of paint. The figures with 
an earth, the haloes with a black line, the other ele-
ments with lines of variable widths of paint around 
the subject as if the outline were being drawn.

Condition

In order to document the condition and ana-
lyze the construction technique, we carried out 
photography with various light sources, as men-
tioned, of the paint surface and the reverse, and 
used X-rays for the support.

The support
The painting shows damage typical of its con-

struction technique with cracks that follow the 
wood grain. The deterioration has been caused 
by the contraction of the planks encountering re-
sistance from metal restraints in the form of nails 
from the crossbar and the architrave. The panel is 
cracked with disjunctions between the edges of 
the paint; this phenomenon has occurred from the 
top at the left and at the bottom right and left. The 
paint surface is nevertheless well-adhered, not-
withstanding the significant shrinkage, such that 
this change can been traced back to the early years 
in the life of the painting when the paint film was 
still quite flexible and therefore could fully follow 
the wood movement. Along the central join, at the 
top, insect damage has compromised the adhesion 
between the planks.

of lead-tin yellow with a quantity of overlying 
azurite that progressively increases. The paint of 
the sky in the very washy, dark tones allows the 
underlying indigo layer to show through in some 
areas (confirmed by cross-section). Where the 
azurite has more covering power, it is more finely 
ground. The large granules are almost detaching 
due to lack of binder, though still held together with 
wax, varnish, and oily substances from the dirt and 
candle soot, and as mentioned, glazes of glue and 
carbon black. The depth of the vault of the sky is 
created with horizontal bands of different tones, 
shading from light tones to dark blue; the clouds 
are obtained with striations of full-bodied white 
over the blue, glazed with lakes to accentuate the 
volume.

In the central landscape, the hills and rocks to 
the right contain a first layer of white and indigo 
with glazes of azurite or copper green, as shown by 
the false-color infrared. All of the mantles in red 
lake and azurite are distinctive and emulate North-
ern painting of an earlier period; the binder is glue. 
The mantle of the Madonna, along with the under-
side of the mantle of Christ, is completely in indigo, 
as seen by false-color infrared which shows the 
typical response to indigo or lapis lazuli. With black 
and white infrared, the interpretation is confirmed 
because the paint appears transparent (whereas 
copper would appear dark). These pigments are 
not identifiable with XRF. A high concentration of 
copper is detected in the diagonal hatched lines, 
indicating azurite, also suggested by the greater 
granularity of the pigment. We found that these 
lines disappear in false-color infrared carried out 
with the scanner, as if they were another material.4 
The mantle of Christ and of Saint John (in the pre-
della) are in red lake, the darker folds contain indi-
go. In this drapery the artist doesn’t use lead white. 
Instead, the light tonality is from the ground layer 
showing through, and the darker tones are obtained 
by successive layers of glazes of pure pigment, until 
a thicker layer is achieved in the deep shadows, ac-
centuated by lines of pure black.

In the flesh tones, the technique borrows from 
the Flemish masters of the last decades of the fif-
teenth century. The binder is egg tempera, even 
though the first layer of the pale green of the an-
gels is dry and much like watercolor, as if it were 
a glue tempera.5 Volume is obtained working with 
successive layers of glazing over the toned ground 
which is left visible, until arriving at the brightest 
highlights with touches of white. The flesh tones 
of the Virgin are more luminous, with blended 
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to a rather audacious cleaning that had thinned 
the paint in several areas where this material had 
accumulated (for example in the dark blue of the 
sky where residues of what may have been original 
varnish were found). The glue, being too strong, 
created lifting with losses of paint in light parts of 
the sky and landscape. The paint had peeled away, 
leaving the imprimitura visible. Over the rest of 
the surface, micro-losses were visible, due to the 
detachment of small areas of a brittle material 
from the next applied layer. This substance was 
identified with FTIR spectroscopy of sample #8 as 
a shellac or copal resin, just used pure in this layer.6

Wax spread on the surface was also detected, 
not on the whole surface, but applied in 
different campaigns and for different purposes; 
the outermost layer, quite visible over the 
imperfections in the surface, is of remarkable 
thickness and was applied by brush (striations are 
visible in some areas) with splashes and drips. In 
other areas, it was applied to prevent the paint 
from powdering where it was already poorly 
bound. Furthermore, the filling of the losses was 
always done with wax but with more care below 
the layers of glue. This material has absorbed a 
significant quantity of airborne particulate matter. 
The gold is covered with the materials already 
mentioned, which once removed, revealed brush 
strokes of an amber substance (certainly shellac) 
with a considerable thickness and density, applied 

The painting
The paint surface has been affected by multiple 

defects of the support that led to breaks, lifting, 
and sunken areas, made worse by the insertion of 
nails.

The joins with the side planks of the altarpiece 
show on the paint surface as does the outline from 
the part of the support with added patches; the 
swollen nails have caused alterations to the sur-
face, especially on the figure of a cherub, causing 
paint loss (Fig. 11).

The chromatic balance of the painting has been 
altered by the accumulation of substances added 
during various treatments, applied in a non-uni-
form way, and altered by time. The visual effect is 
of a total flattening of the view (Fig. 28).

The different layers do not always occur in the 
same order and with the same quantity of material, 
a result of the innumerable treatment campaigns. 
The first layer, directly in contact with the paint 
and detectable across the whole surface is a pro-
teinaceous material (glue) of considerable thick-
ness. This material has been applied more than 
once, perhaps to create a uniform surface over 
areas with different binders and pigments with a 
high granularity; in the outermost application, we 
find pigments like carbon black over the dark ar-
eas of the sky or green on the gold of the pilasters.

The coating of glue is not original, but quite old, 
given that the painting had already been subject 

22. Cross-section #3 from the sky showing indigo.

23. Cross-section #3 in ultraviolet light showing the oil fluo-
rescing.

24. Cross-section #4 from the pale part of the sky: the first layer 
is lead white with subsequent layers of very thinly applied azurite.

25. Cross-section #4 in ultraviolet light including two layers of 
gesso with large granules; the outer layer has fluorescence from oil.
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evidence, even in the midst of the treatment. Ulti-
mately, it appeared that a large part of the deterio-
ration was related to the construction technique 
and therefore any repair would impact the original 
attachments with a high risk of interference.

Given the presence of wood-boring beetle exit 
holes on the surface, the panel was immediately 
protected with Permetar insecticide applied by 
brush.

At the beginning of the treatment, we thought 
about how to treat the splits caused by transverse 
shrinkage of the wood strained by the force of the 
nails of the crossbar and architrave; and further-
more, how to complete the reinforcement and re-
align the painted edges along the areas with the 
crossbar at the bottom and covered by the archi-
trave at the top. We therefore had to carry out two 
separate treatments.

At the bottom, removing the crossbar became 
inevitable as its presence impeded the proper re-
pair of the splits. This operation in the past was 
generally carried out by cutting the nails and with 
the subsequent application of the crossbar after 
the panel repair with screws passing through it 
and anchored in the support. Recently,7 in the cas-
es in which the nails had been inserted from the 
front with the head under the paint, the treatment 
was to carefully straighten the point and remove 
the crossbar, freed from its attachment. In the case 
of Alunno’s panel, the nails were inserted from the 
back and bent around under the preparation lay-
ers, making for a completely irreversible attach-
ment. Thanks to our experience acquired on other 
paintings,8 a decision was made to make a core cut 
in the wood of the crossbar around the head of the 
nail with a special circular bit (Fig. 12). Thus, the 
crossbar was taken off and the original anchorage 
remained intact in its place. This procedure made 
the treatment of the two cracks possible. They 

especially in the exposed areas where the bole 
with a very warm tone stood out.

In the dark blue sky at the top, on both sides, 
there are two unfilled losses that have been toned 
with a brown material, applied directly on the ges-
so ground. These losses correspond to nail holes 
on the brackets visible on the back. The same oily, 
brown material was applied over exposed parts 
(the hand of San Bernardino, stones in the earth, 
etc.) (Fig. 29).

The painting appears worn with very thin paint 
layers due in part to the drastic previous clean-
ings, as in the sky where the lack of binder was 
not enough to hold the large granules of azurite, 
or in the robes of Saint Nicholas where the paint 
was powdery and had been saturated with wax. 
The condition is also due to the technique of the 
artist who used very watery paint, applied with 
broad strokes, exploiting the tone of the underlay-
ers through transparency.

Treatment
Reinforcement of the support

The condition of the wood panel, given the de-
formations assumed by the planks and above all, 
the open splits, required a reinforcement treat-
ment and general improvement of the crossbar 
restraint system.

The criteria adopted took into consideration 
maximizing the legibility of the painting and 
maintaining the greatest respect for the historical 

26. False-color infrared reflectography of the mantle of the Ma-
donna: the reddish tone of the blue confirms the presence of 
ultramarine or indigo (not detected with XRF), through which 
there is diagonal hatching with azurite.

27. False-color infrared reflectography showing the central 
landscape in which the artist, as always, applies white with in-
digo as a first layer.
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left, due to analogous reasons of strain between 
the panel and architrave, required a different kind 
of treatment. The nail that was inserted from the 
front holding the architrave to the panel was bent 
back into the support. In this case it was not pos-
sible to carry out a core cut into the support, nor 
extract the nail, therefore a decision was made 
to cut the nail shaft and free the panel. After this 

were reinforced with thin, aged poplar wedges in-
serted in very narrow channels. It was possible to 
limit the extent of the treated area using an elec-
tric router, angling the guide to follow the split; the 
channel was made along short lengths and there-
fore, followed the path of the damage. The wedges 
were glued with a strong PVA adhesive (Bindan). 
At the top, the crack that was generated on the 

28. The altarpiece in ultraviolet light: we see various coatings on the gold and over the whole surface.



Structural Conservation of Panel Paintings at the OPD in Florence: Method, Theory, and Practice

134

panel was the most complex because the restora-
tion treatments carried out on it were numerous. 
The cleaning had rendered the paint powdery in 
some areas, and in others it had been completely 
impregnated with wax. Documentation on the 
preceding treatments was totally missing and the 
historical sources did not provide information ear-
lier than the eighteenth century on what had hap-
pened to the painting. The analysis already carried 
out did not indicate enough information to be able 
to proceed with confidence; therefore, we made 
tests directly on the painting until we obtained a 
precise picture of the added materials.

To give us an idea of the stratigraphy of the 
added materials, we begin with a description of 
the cleaning of the predella that was less problem-
atic due to its better condition allowing us to iden-
tify these later substances.9

The first stage of cleaning was carried out with 
a neutral oil-emulsion to remove the superficial 
grime made of particulates and soot; this treat-
ment was carried out over the whole surface, in-
cluding the gilded areas.10

The solvents used in the subsequent cleaning 
were mixtures that worked in different ways on the 
varied materials added in the treatments from dif-
ferent periods. The various parts of the altarpiece 
contained the same materials, but not always pres-
ent with a parallel layer structure. The pala was the 
most complex because of the waxy materials, the 
glue, and the different resins had been applied not 
only as homogenous layers, but also according to 
color area. The first layer of wax with a consider-
able thickness was thinned and removed with a 
solvent gel made of a mixture of three solvents.11 
The contact time varied, the rinsing was carried 
out with hydrocarbons. The solvent gel was tested 
first on the thicker parts, which softened and were 
removed leaving minimal traces. In other cases, 
the drips had corroded the underlying paint, espe-
cially along the edges. In a later step, even though 
a hot spatula tool and absorbent paper were used 
to remove more wax from the underbound and 
granular paint, it remained saturated with wax.

The second phase of cleaning served to remove 
the applications of glue and hard resin. We opted 
for a slightly acidic oil-emulsion with a percentage 
of ammonium citrate that softened the glue but 
that did not soften the resin holding the pigment.

Before choosing a solvent, several were tested, 
given that the aqueous methods, more suited for 
removing proteinaceous substances, would have 
created problems for the depleted binder of the 

procedure, the separated edges were immediately 
re-aligned and it was possible to continue with a 
proper reinforcement using the same technique as 
at the bottom (Fig. 13); also at the top, along the 
central join, the wide gap and the adjacent eroded 
edges fortunately had not affected the paint and 
therefore it was reinforced using inlaid pieces of 
aged poplar glued with Bindan (Fig. 14).

After the reinforcement of the panel, a thor-
ough check of the deformations was carried out. 
At the top, the cut nail was extracted from the sup-
port and substituted with a stainless steel screw 
passing through the panel and anchored in the ar-
chitrave. Between the head of the screw and where 
it rests on the support, special flexible washers 
were inserted which allow for some gradual move-
ment. Furthermore, the space created between the 
architrave, which remained planar, and the curved 
panel was filled with shaped poplar spacers posi-
tioned so as to avoid the risk from straightening of 
the planks and to achieve a uniform contact be-
tween architrave and panel.

At the bottom, the nails were wrapped by half-
cylindrical poplar pieces, made so as to have an 
ample internal space in them for the shaft, and 
thus reproduce the original nail channel; note 
that the nail would have had a certain freedom of 
movement given that it was put through a previ-
ously prepared hole and that this method essen-
tially avoids the risk of it seizing up. Each cylinder 
was made with an external diameter equal to the 
hole made in the crossbar, thus reconstructing the 
portion of wood lost during the coring. The semi-
cylinders were glued around the shaft without 
jamming it and the crossbar was then attached, 
threading the cylinders through the cored holes 
(Figs. 15–19). The anchoring of the crossbar to the 
support was carried out by gluing the little cylin-
ders to it with a mixture of epoxy resins: Araldite 
AW 106 + Hardener HV 953 with Araldite SW 
427 + HV 427 in a ratio of 2:1. The resulting paste 
has strong adhesive power and also filling capacity 
(Fig. 20).

Cleaning
The cleaning faced enormous problems con-

nected to the binder of the painting itself, to the 
painting technique, and to the previous treat-
ments, carried out at different times and with 
materials that had altered the color relationships. 
All of the different parts of the altarpiece had the 
same kinds of materials, though not always ap-
plied in the same sequence and quantity. The main 
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The filling phase was especially long, not so 
much for the losses that were few in number, but 
for the retouching on the pilasters (the side capitals 
were reconstructed: one in part, one entirely). We 
closed the innumerable wood-boring beetle holes 
that disrupted the image, as additionally, they could 
be a pathway for depositing eggs. The usual filling 
with gesso did not work perhaps because the holes 
had been impregnated with wax or oily substances 
to which the gesso could not stick. Therefore we in-
serted a plug of pure cellulose thickened with Klu-
cel and then continued with gesso fills.

paint if rinsing with water. One solvent used for 
removing the proteinaceous material was an acetic 
acid solution.12 However, this did not function in a 
uniform manner and it was not suitable for some 
pigments, even though it was not directly applied 
to the paint but used on Japanese tissue and neu-
tralized with a slightly basic oil-emulsion.

We opted for the oil-emulsions because they 
contain a minimal percentage of water. Three mix-
tures were used: neutral, basic, and acidic; we sub-
stituted the acetic acid with a minimal percentage 
of ammonium citrate.13 This emulsion could also 
be used on the gilded areas. In other areas we used 
a solvent gel suitable for gilding. Once the bitu-
minous material was removed, the emulsion was 
used to remove the underlying layer of glue and 
resin.14

The cleaning was carried out under magnifica-
tion though it was not possible to carry it out in a 
homogenous way due to the different patinations, 
abrasions, and glazing. The robes of the Domini-
can saint, impregnated with wax and in part re-
painted, were cleaned only of superficial deposits. 
Cleaning the sky was particularly difficult; large 
particles of pigment came loose with just a pass of 
cotton wet with mineral spirits. Therefore we used 
an oil-emulsion on top of Japanese tissue to soften 
the non-original materials. The rinsing was done 
by blotting over Japanese tissue; we waited a short 
period so the paint was not too soft before remov-
ing the glue on the surface, working dry with the 
help of the microscope (Figs. 30, 31).

29.The hand of the saint has been abraded in a previous cleaning 
and patinated with a bituminous substance.

30. A detail of the cleaning in the light areas of the sky. The 
losses to the angel correspond to a wood insert.

31. A detail of the cleaning. Many losses that affect just the 
paint layer are due to the coating of glue and other materials.
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The retouching of the image was carried out 
entirely with watercolors for the usual reason of 
wanting to avoid alteration over time but especial-
ly to give those areas a degree of absorbency of the 
varnish similar to the original.

The sides of the pilasters with marbling were 
also retouched with watercolors, trying to connect 
the small portions of original and render the two 
sides uniform. On the ochre areas of the architrave 
and the capitals, a preliminary, light coating of 
tempera was applied on which selezione cromatica 
was carried out. Mastic varnish was applied in 
multiple coats and rendered uniform by spraying.
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1 In this period, in many regions as in 
those of Umbria-Marches, there was already 
substantial legislation governing woodwork-
ers. A commission approved the preliminary 
drawing, signed in front of a notary on the 
part of the patron and of the “magister lig-
naminis.” A deposit would have been paid, 
the work done, and then paid in full after 
having been subject to the judgment of spe-
cialists chosen from the masters of wood-
working enrolled in the guild.
2 By the fifteenth century, in the lands 
beyond the Alps, the practice of applying a 
coating of drying oil over glue on a drawing 
on smooth gesso was in use (the glue served 
to limit the absorbency of the ground to the 
oily substances in the binder of the paint). In 
our painting, there was no glue coating found. 
For this reason perhaps the preparation had 
yellowed (keeping in mind that in both glue 
tempera and in egg tempera a minimal per-
centage of oil as plasticizer is always present.) 
The minium is a lead oxide and a good drying 
agent and its presence is tied to the use of oil 
cooked at higher temperatures.
3 The X-rays penetrate through to the level 
of the ground. The result is interpreted taking 
into consideration elements that may not visi-
ble but could be in the ground, underlayers, or 
imprimitura. The exam should be carried out 
by comparing various tonalities of the same 
color so as to detect the presence of the main 

element and the percentage of other heavier 
elements. The lack of precise results implies 
the presence of low energy elements. A typical 
example is the presence of indigo or lapis la-
zuli used to paint robes, containing elements 
that are not detected.
4 We considered a metal-gall ink based on 
copper sulfate though it seems rather unlike-
ly from the color, as these inks tend to turn 
brown with time.
5 A technique used by many artists of the 
period. F. Pacheco, Arte de la pintura (1638), 
edited by F. J. Sanchez-Canton, Madrid 1956, 
II, p. 61.
6 Manuale del pittore restauratore per 
Ulisse Forni , Florence, 1866 Vol. II, chapters 
XX and XXVIII.
7 C. Castelli, M. Parri, A. Santacesaria, 
“Tecnica di costruzione dei supporti,” and 
C. Castelli, M. Parri, A. Santacesaria, “Il 
restauro: storia degli interventi precedenti e 
loro incidenza sullo stato di conservazione; 
l’intervento attuale. Il supporto,” in Lorenzo 
Monaco. Tecnica e restauro, edited by Marco 
Ciatti and Cecilia Frosinini, Florence, 1998, 
pp. 81–88 and pp. 101–108.
8 M. Caprara, C. Castelli, M. Ciatti, M. 
Parri, A. Pelliciari, A. Santacesaria, “Il restau-
ro della ‘Croce dipinta’ di Verucchio, opera 
di scuola riminese del XIV secolo.” O.P.D. 
Restauro, 16, 2004, pp.167–177.

9 Bleached wax made up the outermost coat-
ing with splashes and drips. Glue applied in a 
uniform layer (with pigments in some areas). 
Resin. Bituminous materials, especially on the 
losses and in the darkest colors. Glue and resin. 
Dense, thick shellac, often applied by brush over 
the gilded areas, especially in the areas where 
the bole was exposed and the gold was missing. 
A substance with an amber tone applied on the 
lateral surfaces of the predella and of the pilas-
ters to render uniform the tonality of the wood 
repairs and the original parts in gold and ochre.
10 Neutral oil-emulsion: Brij 35 (2 gr); Dis-
tilled water (10 ml); Tween 20 (2 ml); White 
spirit (90 ml).
11 Solvent gel: Carbopol 940 (2 gr); Etho-
meen C12 (12 ml); Cyclohexane 37.6%; Min-
eral spirits 32.2%; n-Propanol 30.2%.
12 Solvent gel with acetic acid: Triethanol-
amine (3 ml); Deionized water (100 ml); Ace-
tic acid (1.5 ml); Coccocolagene (4 ml); Klucel 
G 4%; Benzyl alcohol (3 ml).
13 Acidic oil-emulsion: Brij 35 (2 g); Distilled 
water (10 ml); Ammonium citrate (3 ml dis-
solved in deionized water); Coccocolagene (2 
ml); Mineral spirits (150 ml).
14 Solvent gel for gilding: Ethomeen C12 (20 
ml); Carbopol 940 (2 g); Distilled water (12 
ml); Solution of 10% Dimethyl sulfoxide and 
90% Ethyl acetate (20 ml); Ligroin 100–140 
(80 ml).
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Some reflections on treatments of wood panels
from the flood

Ciro Castelli, Mauro Parri, and Andrea Santacesaria

The conservation treatment on the wood support of 
the Deposition by Francesco Salviati
The work carried out in the department of wood 
panel conservation on Salviati’s great panel, truly a 
special case, deserves revisiting for more than the 
single procedures used on the painting or listed in 
its record.

Just by examining the construction of the sup-
port it is possible to recognize a well-planned 
structural design. Basically, this painting and the 
Descent into Limbo by Bronzino represent, in all 
probability, contemporary products of two differ-
ent workshops. Although dealing with the same 
destination and equivalent dimensions, these 

panels illustrate two quite different execution 
techniques. For the Deposition, continuous verti-
cal planks were chosen, while for the Descent into 
Limbo the planks have been connected at various 
heights with expert half-lap joins. This implies, in 
the first case, the desire to provide more continu-
ity and uniformity to the pictorial plane; in the sec-
ond case, that of wanting to choose the best parts 
of each plank. In both, the best techniques were 
put into action to guarantee the most smooth and 
even surface for painting. The planks of the Depo-
sition had knotty areas removed through a care-
ful patching on both sides—smaller on the front 
and larger on the back—a technique guaranteeing 

This text was originally published in Italian as:
Ciro Castelli, Mauro Parri, and Andrea Santacesaria, “Alcune considerazioni sugli interventi di restauro dei supporti lignei alluvi-
onati.” In Angeli, santi e demoni: Otto capolavori restaurati. Santa Croce quaranta anni dopo (1966–2006), pp. 103–10. Catalogue 
of the exhibition, Museo di Santa Croce, Florence, November 2006. Edited by Marco Ciatti, Cecilia Frosinini, and Chiara Rossi 
Scarzanella. Florence: Edifir, 2006. Translated by Helen Spande.

1. Francesco Salviati, Deposition, the panel. 2. Agnolo Bronzino, Descent of Christ into Limbo, the panel.
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the inserts stayed firmly attached; moreover, the 
joins in the planks of the Descent into Limbo have 
careful half-lap joins with the overlapping edges 
beveled to 45 degrees to deter the slightest natural 
warping. Additionally, it should be noted that all 
the risk zones (joins, patches, and horizontal junc-
tions) have been protected by the application of 
bands of tow (stoppa).

The current state of both paintings is, unfor-
tunately, heavily affected by the flood damage that 
dotted the paint surface with marks and scratches 
that certainly were not present before. The Salviati 
support appears to be a surface marred by knotti-
ness and other imperfections that are pronounced, 
moreover, the difficulty of rough-cutting the log 
into planks led to the use of a plank that has the 
pith passing through it. All of these elements af-
fected the planarity of the pictorial surface, most 

likely before the disaster of the flood. Specifically, 
the plank cut with a slanting grain with respect to 
the pith of the tree has a different curvature in the 
upper part (a convex surface) and the lower part 
(a concave surface). Furthermore, even the panel 
of the Descent into Limbo is marked on the paint 
surface by interrupted horizontal lines. This is a 
sign of the particular difficulty of designing a large 
panel surface for a painting.

The treatment of the Deposition began in 1990 
and was born from the necessity of having to re-
assemble the six planks of the panel which had 
been completely separated and had individually 
received treatment for the consolidation and re-
attachment of the ground and paint layers over 
more than twenty years.

On each plank the old crossbar channels were 
filled with wood inserts in order to provide a more 

3. Reinforcing the areas filled with wood plugs. 4. Filling the crossbar channels with wood.

5. The planks of the Deposition are adjusted to their final posi-
tions while vertical.

6. Making a channel for the new crossbar.
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solid site afterward for the new crossbars, and one 
that would succeed in compensating for the differ-
ence in the curvature, especially in the lower part.

The single planks were independently warped 
and the problem was that of aligning their various 
deformations within the general context. For this 
the planks were positioned vertically and numer-
ous tests arranging them were made that could 
establish a general curvature that could succeed in 
absorbing the single deformations, without giving 
an excessive arc to the whole panel and thus dis-
turbing the effect and creating a difficulty in rein-
serting it in its frame. The deflection of the curve 
measured on average 7.5 cm and it is definitely re-
markable. Above all it appears very evident when 

the painting is set on a horizontal surface; verti-
cally it is mitigated and the paint surface can be 
read with a good continuity without distracting 
depressions between the joins.

This is an entirely subjective step and in any 
case, completely reversible, thanks to which the 
general shape of the panel could be chosen without 

7. The Deposition, after structural conservation of the panel. 8. Separation between planks at the bottom of the Descent of 
Christ into Limbo.

9. Tight joins between planks at the top of the Descent of Christ 
into Limbo.

10. Reinforcing the joins with a small insert against the back of 
the ground with a wedge glued above it.
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any pressure or force on the elements but simply 
holding them in a position felt to be the most 
balanced among the various options available. The 
single planks were assembled anew with wedges 
placed in the joins and reinforced on the back by 
crossbars inserted into new channels with a tapering 
trapezoidal shape. This system is analogous to the 
original and it makes use of the minute support 
of the wood grain of the planks and fully reflects 
the needs of a panel that is extremely deteriorated 
and sensitive to every small temperature and 
humidity fluctuation. The difficulties encountered 
while making the channels for the crossbars were 
considerable; first of all, it was necessary to adapt 
the features of a system intended for a flat panel, as 
it was originally, to a curved one, without having 
it lose its effectiveness. Furthermore, the lower 
crossbar has a dangerous counter-tendency with a 
concave area relative to the aforementioned poor 
choice of plank. This made it necessary to add thick 

inserts in the adjacent planks so as to open the new 
channel only inside the reinforced part without 
cutting into the wood of the original support 
and thus weakening the structure in the “axial” 
direction. The crossbars were built from laminated 
oak glued with epoxy resin on top of custom-made 
forms that had an smooth curvature equal to that of 
the channel in the panel.

Conservation of the panel of the Descent into Lim-
bo of Agnolo Bronzino

Eleven years later, the department took up the 
conservation of the other large panel, the Descent 
into Limbo of Agnolo Bronzino. This treatment 
also deserves a second look: for itself, but also in 
comparison with the Deposition; it demonstrates a 
further evolution in the treatment approach.

As mentioned in the corresponding records, 
both the paintings were freed from their crossbars 
during their stay at the Limonaia. The panel of the 

11. Filling the crossbar channel with aged poplar to make a con-
tinuous slot.

12. The crossbars from the Descent of Christ into Limbo. The 
first layer is inserted into the channel.

13. Side view of the completed crossbar. The three elements in-
crease in thickness moving outward to absorb and restrain the 
warping of the individual planks and distribute them horizontally.

14. The frame of the Descent of Christ into Limbo. Detail of the 
deterioration of the arched top.
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Deposition as we have seen, was completely sepa-
rated into six planks and the paint was broken along 
the joins, while for those in the Descent into Limbo 
the paint remained together thanks to the underlying 
presence of the tow. The panel, on the contrary, was 
warped, separating, and the lower two-thirds had 
shrunk in the transverse sense; the upper part in-
stead was mostly whole and the curvature remained 
more even. The circumstances that the painting pre-
sented were quite unusual: large areas of paint that 
were continuous but suspended over nothing and 
an extreme need to create a supporting surface and 
reunite the planks in a solid and aligned way. The 
general treatment plan and the procedures to carry 
it out were thoroughly discussed in a preceding pub-
lication by our Institute.1 It should be emphasized 
that the crossbar system, though maintaining some 
features of the original, was a step ahead in a creating 
an improved relationship between the panel and the 
back support, using a gradual tension and distribut-
ing the single forces of the planks across the entire 
width of the painting in a smooth way.

The conservation of the large frames
With the reinstallation of these two altarpieces 

on the horizon, the department was involved in 
planning a protection that would make use of, in 
the first place, the associated monumental frame 
of each painting, and through some appropriate 
modifications, an enclosure on the back. Using 
many case-studies, and over nearly twenty years, 
our Institute has researched the most effective 
solution for reducing movement of the support and 
therefore the tensions, through climate control. In 
the case of paintings on panel with frames, the 
solution has been that of creating a barrier on the 
back that is not air tight but that slows the exchange 
of humidity between the panel and the display 
environment. It was established that most of the 
sharp and dangerous environmental fluctuations 
can be nullified simply by closing off the back of the 
painting with plywood panels, Forex foam board, 
Goretex, or some other material capable of making 
a barrier. Thus, even the conservation treatment in 
the sense of the work directly affecting the support 

15. Removing deteriorated planks for structural consolidation. 
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can be much less invasive and even the support 
system for restraining the movement of the panel 
can function in a much less risky way.

During the planning phase for this type of treat-
ment on the frames, it became apparent that there 
was a need not only to modify the capacity of the 
frames, but also to radically change the function 
for which they had originally been constructed. 
Both of the frames are made of four independent 
elements: the horizontal bottom, the two vertical 
sides, and the arched top. These elements served 
as an architectonic connection between the paint-
ing and the wall structure in the basilica, suggest-
ing that it was possible for the painting and frame 
to be independently installed in the niche. In our 
treatment, we thought to make each frame a single 
whole which could accommodate the painting se-
curely and offer a good protection to the back.

We can outline the treatment of the frame in 
four steps:
– The restoration of the single elements with the 

consolidation of the ground layers and the gilding 
and the reinforcement of the wood structure.

– The construction of the connecting elements 
that make assembling the individual pieces 
into a solid whole possible.

– Building up a new internal rebate to create a cus-
tom support for the perimeter of the painting 
due to the warping that occurred after the flood.

– Constructing a build-up on the back that 
would increase the depth of the frame and al-
low the use of a backboard.

The conservation of the frame of the Deposition
Our Institute delegated a large part of the 

treatment of the frame of the Deposition to outside 
companies who followed this plan. Thus all the 
consolidation of the ground and gilding, and the 
reinforcement of the wood structure was carried 
out by the company C. e S. Martelli; the construc-
tion of the back was executed by Restaurarte di 
Renzo e Nemo Niccoli. Our department took on 
the construction of the connecting elements and 
the attachments to the original and the execution 
of the supporting rebate for the painting.

The elements that make up this frame have a 
smooth surface on the back, without a rebate or 

16. Addition of a supporting oak core. After the planks were removed and consolidated, they were reattached in their original positions.
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supporting ledge of any kind. This means, there-
fore, our task was to create a way of holding the 
painting from scratch incorporating observations 
from old archive photographs. Along the bottom, 
a shelf was placed made of a plank of fir that sus-
tains the painting and discharges the weight on the 
lower border of the perimeter through vertical fir 
wood elements that are “section breakers.” After 
the conservation of the support, the new curvature 
of the panel drew back away from the frame in-
creasingly toward the sides. It was necessary then 
to create a rebate for the panel that would connect 
the original frame with the support so as to sup-
ply a precise and continuous base. In order to do 
this the painting was temporarily inserted into the 
frame, resting on the shelf, and it was adjusted so 
as to distribute the gap between it and the frame in 
a regular way. Therefore the connecting elements 
were made by shaping fir planks in a mold and an-
choring them to the frame. These elements were 
toned so as to also serve as a chromatic bridge be-
tween frame and painting, additionally the areas 
in contact with the painting were cushioned with 
strips of Neoprene. This support along the perim-

eter was anchored using wood brackets that were 
given flexibility thanks to the placement of springs 
inside which could absorb, where necessary, the 
movements of the panel.

The backing was made with a 25 cm wide 
band around the edges made of woodcore board, 
matched and attached with brackets to the frame; 
as we mentioned, this band covered the space oc-
cupied by the warped painting and crossbars; in 
this cavity remaining, some containers of buffer-
ing material were placed as a further protection 
for the artwork. The backboard was screwed to 
the bands on the perimeter with openings able to 
accommodate, in the future, adjustments to the 
climate monitoring system.

The conservation of the frame of the Descent into 
Limbo

The great frame of the Descent into Limbo was 
entirely treated at our Institute and has involved 
the wood sculpture division and the panel conser-
vation department in the paintings division.

The elements of the frame had a type of con-
struction that makes use of two poplar planks 

17. Taking apart a vertical element with exposed nails.
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joined together with poplar, oak, and coniferous 
members placed against the grain in a triangular 
shape. This means the frame members make a tri-
angular section with the narrowest part toward the 
painting and the external part left without a cover 
because it is hidden by the architecture. Among 
the planks that make up the frame, the flat ones 
on the back that have a larger girth and therefore a 
structural function can be distinguished from the 
diagonal ones that are thinner and serve to hold 
the carved parts. The connections between the 
various elements are mostly made by nails from 
the main plank, overlapping the triangles, the 
oblique plank, and the carved shapes which are 
also glued.

The condition of the wooden structure is 
very damaged and therefore our department had 
to first work on giving back some solidity to the 
single supports which in turn have different struc-
tural failures. In the arched top, the structural part 
was heavily attacked by fungus which had weak-
ened it mechanically, making it nearly impossible 
to move. The remaining vertical members of the 
frame showed a significant curvature along their 
lengths due to the bowing of the supporting plank.

Repeated consolidations with Paraloid B72 
were carried out on the supporting plank of the 
arched top and wood inserts were added to ar-
eas where wood had been lost. These procedures 
had limited results. Therefore, in order to ob-
tain a more solid structure the planks along the 
back were temporarily removed, because, though 
consolidated, they could not provide a structural 
function. This was done in a reversible way by 
straightening the ends of the nails and pulling off 
the various planks; then, an arched, oak plank core 
was inserted into a channel made on the inside of 
the triangular elements. This arch carried out a 
very important structural function in that it com-
pensated for the weakness of the original parts, 

attaching securely to them. The planks removed 
earlier were reattached in their places thanks to 
the original nails re-inserted in the old holes and 
re-bent.

The vertical elements, as mentioned, were de-
cidedly curved; even though the wood was still 
suitable and had its mechanical integrity, and the 
joins between elements were firm, it wasn’t possi-
ble to proceed in remounting the whole and there-
fore the installation of the painting because the de-
formation was still excessive. This is why both the 
vertical elements were taken apart, using the same 
technique as for that of the arch. The treatment 
was limited to straightening the main unpainted 
plank which with its deformation had affected the 
other decorative elements anchored to it.

The procedures were carried out differently for 
the two planks. The left-hand plank was cut with 
horizontal notches made to weaken its strength; 
with the insertion of poplar pieces perfectly cali-
brated and glued with an epoxy resin to a flat 
reference, the plank was given a good planarity, 
adequate to serve as an even surface for the appli-
cation of the decorative elements. The right-hand 
plank, in contrast, was reshaped into a flat form 
with moisture and heat, without affecting its ma-
terial integrity. It is worth noting that, when the 

18. The structural plank had a significant curve.

19. When the frame was taken apart the preparatory drawing 
for the overlying decoration was revealed.
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front plank, onto which the carved decoration is 
set, was removed, on its interior surface, therefore 
hidden from view, there appeared drawings of the 
decoration; these marks corresponded to the posi-
tion occupied by the final carving and represent 
precise directions, probably by the artist, for the 
compositional design of the frame.

The two planks once again provide planar-
ity for the vertical elements, while maintaining 
a good solidity. It should be pointed out that the 
straightening treatment in this case was justified 
by the fact that the treated components were not 
painted and therefore the treatment carried out 
was typical of “traditional” carpentry on simple 
bowed wood.

After having squared up and anchored the 
four components of the frame, the wood panel 
department planned the creation of a framework 
of fir wood. The four elements of the fir structure 
were 8 cm wide and 7 cm thick, with interlock-
ing joins, and they contribute to giving a further 
reinforcement to the whole and can sustain an 
external perimeter; this has a width of 25 cm, it 
closes the edges of the frame that were originally 
not covered, and holds the backing boards. Again 
in this case, the modifications to the frame offer 
the opportunity to protect the back of the painting 
and to control the microclimate within using ap-
propriate buffering materials that can be checked 
through an opening in the backing.

1 C. Castelli, M. Parri, A. Santacesaria, 
“Il restauro dei supporti lignei: considera-

zioni e linee di ricerca” in Restauri e Ri-
cerche: Dipinti su tela e tavola, edited by 

M. Ciatti and C. Frosinini, Florence 2003 
pp. 61–70.
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The early treatments after the flood
and the challenges of the panels

Ciro Castelli and Chiara Rossi Scarzanella

The neighborhood of Santa Croce was one of the 
hardest hit by the overflowing waters of the Arno 
on November 4, 1966: in the museum spaces that 
occupied the monks’ old refectory and which is 
at a lower level than that of the church, the water 
rapidly reached its high point of 4.3 meters. After 
about two or three hours, it began to slowly drain 
away, leaving artworks covered with mud and fuel 
oil. It is estimated that the lower parts of the panels 
were under water for about twelve hours consider-
ing the flow and drainage of the floodwaters, and 
naturally, these were the parts to suffer the most.

The first step, carried out in situ and in the dra-
matic conditions of those first days after the flood, 
was that of protecting the paint surfaces with a pa-
per facing so as to prevent the loss of paint flakes 
through the following months when the first de-
taching and lifting would start to occur. The stock 
of Japanese tissue was exhausted before the work 
was finished and therefore paper tissues (Kleenex) 
were used as a stop-gap solution for the remaining 
paintings. Paraloid B72 was used as the adhesive, 
because using an animal glue on the wet surfaces 
was unthinkable, and compared with wax-resin, 
B72 offered a greater guarantee of adhesion and 
resistance.

The particular multi-material nature of panel 
paintings1 sets them apart in a substantial way 
from many other kinds of art, and required not 
only that they be moved from the areas made un-
usable by the fuel oil and mud left by the water, 
but also be relocated to an appropriately acclima-
tized environment. It was obvious that stresses 
from the contraction of the planks, which would 

have appeared quite early on, would have serious 
consequences for the layers on top of them, and it 
was exactly that awareness of what would happen 
that led to the decision to maintain the panels in a 
humid environment so as to slow the shrinkage of 
the wood and better control the lifting, interven-
ing as it developed.

There were 320 panel paintings hit by this di-
saster2: a number so large that we can easily appre-
ciate the difficulties that arose for those in charge, 
not only to start on the immediate urgent treat-
ments, but to plan first the creation of a “hospital” 
and then a treatment lab immediately after, that 
would be able to cope with an emergency of such 
proportions.

Only ten days after the flood, the Limonaia 
of Boboli Gardens was freed from the plants that 
resided there and work began to adapt the building 
to its new function as a shelter for the flooded 
panel paintings. The large windows were sealed 
and structures were built to hold the paintings 
horizontally, though the most ambitious work 
was providing machines capable of creating an 
environment with a very high humidity. Knowing 
that the wood contraction would begin when 
the humidity of the material reached about 30 
percent, it was decided that the humidity of the 
environment should be kept very high so as to 
slow the water loss from the paintings as much 
as possible, allowing for the supports to dry 
gradually and permitting monitoring of the lifting 
of the paint that would inevitably appear. Thus, it 
was possible to climatize the space bringing it up 
to a stable humidity that was initially 95 percent. 

This text was originally published in Italian as:
Ciro Castelli and Chiara Rossi Scarzanella, “I primi interventi e le problematiche delle tavole alluvionate.” In Angeli, santi e demoni: 
Otto capolavori restaurati. Santa Croce quaranta anni dopo (1966–2006), edited by Marco Ciatti, Cecilia Frosinini, and Chiara 
Rossi Scarzanella. Florence: Edifir, 2006. Translated by Helen Spande.
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After a few days, the paintings began to arrive. To 
avoid promoting the growth of micro-organisms 
from the high humidity, the paintings had been a 
sprayed with an anti-fungal agent (5% Nistatina), 
a procedure that was repeated in the early part 
of 1967. When the paintings were admitted, the 
panels were still saturated with water, beyond 100 
percent, and appeared to have expanded to their 
largest widths, with the paint perfectly flat.

It is appropriate at this point to try to under-
stand what consequences the shock of the flood 
could have had on the painted panels.

Wood is a typically anisotropic and heteroge-
neous material: anisotropic because its characteris-
tics very according to the direction; heterogeneous 
because even in a single direction, these character-
istics are not constant. Furthermore, it is a strongly 
hygroscopic material and very sensitive to changes 
in relative humidity; it can shift, warp, expand and 
shrink volumetrically even after being seasoned for 
centuries. All it takes is a change in the water con-
tent inside the cell walls of the wood for this phe-
nomenon to occur. These characteristics are com-
mon to all types of wood. The differences in behav-
ior between species appear in the time it takes to 
adjust to variations in relative humidity, and this is 
influenced by the density, porosity, quantity of cel-
lulose present in the cell walls, and the condition.

In the case of paintings on panel, the support 
is almost always a wood that is soft, or rather, a 
low-density wood, relatively porous, with cells and 
vessels with large cavities.3 The age of these objects 
should also be taken into consideration in that they 
often have cracks and splits, and they have often 
been attacked by wood-boring beetles, and some-
times mold and rot. This is enough to illustrate how 
immersion in water for a period of hours would suf-
fice for the wooden supports to be completely satu-
rated, and expand to their maximum point over the 
following twenty-four hours.4 Considering the fact 
that the supports are made of planks that have vari-
able cuts of wood from diametral to sub-tangential, 
we can conservatively estimate that the width could 
increase by 2–2.5 percent.5

As seen from the records of the paintings, the 
measurements carried out on December 14, 1966 
saw a significant drop in the water content of the 
wood supports despite the high level of humidity 
in the environment. The realization of what was 
happening probably led to the drastic decision to 
remove the crossbars from all the large panels, 
including some polyptychs, especially where the 
crossbars were in dovetail channels.

The thought process here can be reconstructed 
from “Ricerche relative al recupero dei dipinti dan-
neggiati dall’alluvione di Firenze nel 1966 [Research 
on the recovery of paintings damaged in the Florence 
flood of 1966]” in the Quaderni della Ricerca Scien-
tifica, number 81, 1972, where Professor Giordano 
writes, “To avoid more serious problems, first the 
bonds between pieces of wood whose grain was 
oriented in different directions had to be undone.” 
Most likely, considering the amount of expansion of 
the planks, trying to restrain the components would 
have caused separations in the joins and splitting 
along the grain. It was hoped that these phenomena 
could be prevented from occurring, and that each 
plank’s warp would give the support a single curva-
ture. All of this would be deterred by the weight of 
the object itself.

The work to remove the crossbars began in 
December of 1966. Since this was extremely risky, 
both during the removal phase and afterward, pre-
cautions were taken by reinforcing the joins be-
tween the planks with the attachment of rectan-
gular wood brackets. These were placed with the 
grain running diagonal to that of the support and 
secured across the join with two screws on each 
short side. These reinforcements were made of 
beech wood, spaced regularly in terms of height 
and in a number proportional to the size of the 
painting. Crossbar removal was not carried out 
on all the paintings present in the Limonaia per-
haps because some were of modest dimensions 
and therefore it was not considered necessary to 
take such a drastic step. The crossbars were de-
stroyed and not extracted, in that extraction was 
considered more dangerous. The work was done 
by lifting up the paintings, setting them on a met-
al framework, putting wooden bars under them, 
and proceeding with a longitudinal cut entirely 
through the crossbar. The pieces were then re-
moved by prying them out from within the cut.

After forty years, with our current knowledge 
and with the experience that we have acquired, we 
can express serious reservations about this choice. 
Certainly, the catastrophic event that struck cul-
tural heritage was such that it found everyone 
unprepared and the timeframe for treatment, by 
necessity short, did not allow for experimentation; 
it is therefore unfair to criticize the treatments 
carried out in those dramatic days. This does not 
mean that removing the crossbars did not cause 
the loss of an important part—a loss that deprived 
the panel of any structural support in the slow and 
critical journey from humidity values of about 30 
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percent to stabilization levels between 11 and 12 
percent.

Aside from a few exceptions,6 the fateful 
threshold of 30 percent internal humidity, i.e. the 
level under which the contraction of the wood be-
gins, was reached in the spring, and the first warp-
ing and twisting deformations of the planks began 
to show, phenomena that inevitably affected the 
joins, and caused the characteristic ridge on the 
paint surface, foreshadowing its detachment.

For many paintings, even after being moved 
to the laboratory at the Fortezza da Basso in June 
of 1967, it took more than a year for the relative 
humidity of the panel and environment to reach 
equilibrium, and it was then that the damage 
showed itself in all of its severity. In the following 
years, an explosion of wood-warping phenomena 
were recorded with the repercussions on the paint 
surface in the form of serious lifting and flaking, 
the extent of which was also related to the condi-
tion of the painting before the flood and the level 
and duration of its immersion in water.

In the new labs in the Fortezza, some paint-
ings already appeared to be in very poor condi-
tion, others, finding themselves in an environment 
climatized to over 70% RH, still had a relatively 
flat support and cohesion between the individual 
planks. These cases, though, indicated the persis-
tent humidity inside the artwork. In the following 
months, even these remaining paintings would 
have increasing problems with regards to the con-
dition of the support and ground. Besides, a ma-
terial like wood cannot return to the state prior 
to such a prolonged attack by water: the planks of 
the support had warped, separated along the joins, 
split along the grain, and in some cases they were 
longitudinally twisted, beyond having contracted 
differentially, especially those paintings that had 
had a different length of time and level of immer-
sion in water. All of these deformations made it 
even more difficult to restore the functionality of 
the support.

An example of this situation is the altarpiece 
by Salviati, the Deposition from the Cross: shortly 
after removing the crossbars, the planks separated 
due to the failure of the glue, and because of a se-
ries of problems7 it remained in pieces for several 
years. There were many elements that affected the 
future of this painting: the humidity of the wood 
was above the saturation point when it was sep-
arated, the planks were of mediocre cut which 
varied from diametral to sub-tangential, the pith 
that continued from one side to the other, and the 

widespread and extensive knots repaired since the 
beginning. In the time that passed between the 
separation and the reassembly of the painting, the 
planks showed all of the negative phenomena de-
rived from the above conditions: dimensional fluc-
tuation, warping, curving, twisting, splits along 
the grain; plus detachment and deformations of 
the wood inserts under the preparatory layers that 
had been placed to remediate the large knots.

Other examples that were especially problem-
atic due to their construction technique, their di-
mensions, and type were the Descent into Limbo 
by Bronzino and Saint Bernardino by Rossello di 
Jacopo Franchi. In the first case, though the origi-
nal construction of the support was meticulous, 
the damage was complicated in part due to the 
planks having been extended in height with a se-
ries of deep half-lap joins to confer stability. The 
difference in time and level of immersion of the 
painting produced a contraction in the planks in 
the lower part of about two millimeters per plank, 
while this phenomenon did not exist in the upper 
part. In this case, the gaps can be compensated for 
by filling the support from beneath the prepara-
tory layers, addressing the compatibility problems 
between materials, and avoiding tensions between 
the original and the restoration. Unfortunately the 
half-lap joins between the planks that remained 
underwater for the longest failed due to the swell-
ing of the wood fibers.

In the cusped altarpiece of Saint Bernardino, 
there were two kinds of problems: besides differ-
ential shrinkage of the planks along the bottom, 
there was strong warping of the planks, a condition 
incompatible with the overlying predella which re-
mained flat both in terms of length and width. In 
this kind of situation, it obviously isn’t possible to 
execute a “straightening” of the support or “curv-
ing” of the predella, but we need to find a compro-
mise between the two elements that avoids stresses 
between the components and provides an aesthetic 
solution for viewing the painting.

At a distance of some years from the flood, it is 
possible to draw some useful conclusions, not only 
for natural disasters, but also in relation to techni-
cal aspects and the behavior of materials that make 
up panel supports. Beyond the irreversible damage, 
described earlier, we think it is useful to formulate 
some considerations on the choices made at the Li-
monaia. Actually, the decision to make a climatized 
environment could have been a positive factor in 
that it slowed the loss of moisture from the panels 
and held the planarity of the supports under control 
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as well as the detaching of the ground layers. This 
choice turned out to be mostly negative, however, 
for many reasons. Maintaining the humidity high 
for a long time affected the joins between the planks 
and surely also the glue in the preparatory layers. 
Furthermore, it is a given that the humidity value 
inside each artwork could not be determined with 
certainty, both because each did not have the same 
exposure to water, and because each one varied in 
terms of construction and specific materials. This 
undifferentiated treatment ensured that the planks, 
over time, would each stabilize at the maximum 
level of humidity that each one could possibly have, 
thus some incurred more damage than what was 
expected.

These considerations are not made to criticize 
the past, in that the priorities had to fit the time-
frame of the treatment. As already mentioned, the 
number of paintings involved was such as to not 
allow for specific technical or scientific attention 
that each one required: there was even a lack, at 
the beginning, of an adequate number of techni-
cians prepared to cope with these problems. We 
think that it would have been impossible to make 
a more careful selection of panels and treatments 
or have more spaces for their immediate shelter 
available, each climatized differently. We hope 
that our technical considerations can be used as 
a point of departure in the unlucky event that we 
again find ourselves having to cope with the con-
sequences of a natural disaster of this scale.

The contraction of the supports began to pro-
voke the first detachments of paint, producing 
situations of ever-increasing seriousness as time 
passed. The deterioration incurred by the ground 
layers after soaking in water was added to these 
mechanical stresses. The solvent effect of the wa-
ter weakens the film of glue between the cushion-
ing materials (a textile or tow layer) and the sup-
port and sometimes between the layer of gesso and 
glue and the paint, and has a tendency to cause 
separation between these layers, as seen in all the 
flooded paintings. Beyond damaging this glue 
film, the water immersion also heavily affected the 
condition of the glue and gesso ground. These are 
components that even after drying remain suscep-
tible to the action of water, but in normal humidity 
conditions, protected by the paint film of gener-
ally hygroscopic nature, maintain a perfect hold. 
When instead the water breaks through this bar-
rier and wets the ground, the proteinaceous sub-
stances swell and, in the case of prolonged immer-
sion, a leeching process occurs: the mechanical 

action of the water literally carries the molecules 
of glue away from their places, making them mi-
grate along with it to the outer edge of the ground 
and thereby altering the ratio between glue and 
gesso. To this is added the denaturing action that 
the substances (fuel oil, gasoline, etc.) in the flood 
waters may have on the glues. This means, essen-
tially, a loss of the mechanical qualities and cohe-
sion of the ground which tends to separate into its 
components, becoming powdery and unable to 
withstand mechanical fluctuations from the wood 
support. After this happens, different kinds of de-
tachment form over time according to the layers 
in which the adhesion gives way, and according to 
the direct mechanical cause. Large but generally 
soft blisters or detached areas form where there 
is a separation between support and cushioning 
layer (canvas or tow); lifting of various amounts, 
sometimes very jagged and irregular, occurs where 
the ground has given way; detachment of the paint 
film with flaking or tenting occurs where the adhe-
sion between ground and paint is lost. Naturally, 
these types of detachment often coexist. The direct 
mechanical causes are obviously those correlated 
to the instability of the support, and therefore the 
zones most damaged relate to underlying areas 
of inhomogeneity (for example the joins, butter-
flies, inserts, plugs, interlocking components, etc.) 
However, the effects of the contraction stresses 
should not be entirely underestimated. These are 
the forces that work from left and right toward 
the center of each plank, compressing the original 
surface and leading to the formation of detach-
ing areas.8 In fact, a large number of the paintings 
had a concentrated area of lifting of considerable 
magnitude running along the center of the planks, 
especially those characterized by a near-radial cut.

Another consequence of the water damage 
that was seen on almost all the paintings once the 
facing was removed was a disfiguring oxidation of 
the surfaces, so much so as to prevent, in many 
cases, reading the underlying painting. Fortunate-
ly, cleaning the paintings showed that this oxida-
tion affected only the layers of varnish and not the 
paint film.

At the appearance of the first lifting and flak-
ing, animal glue was applied by injection but it 
was immediately clear that in the most serious 
cases this technique was not feasible: the injected 
glue ran out of the breaks in the paint in the form 
of white mush. Essentially, it had dissolved the 
ground that was still saturated, and carried it away. 
Furthermore, the ground layers were still wet 
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enough to be very soft; even minimal pressure de-
formed them. In fact, in paintings in which these 
consolidations took place, the ground material can 
be seen to have accumulated in ridges and formed 
depressions due to the excessive softness of the 
gesso and glue. This state lasted for many months 
if not years, (see Bronzino’s Descent of Christ into 
Limbo) since the ground was sealed between the 
B72 facing that made the painting impermeable 
and the support that contained a high level of 
moisture and therefore did not allow the ground 
to dry. (We think now that the humidity measure-
ments of the wood indicating about 20 percent 
after six months were taken from a sample on a 
superficial zone behind the crossbars and there-
fore did not reflect the situation in the interior.)

As for the paintings only partially exposed to 
water or damaged only from the extremely hu-
mid environment of the churches after the flood, 
it was possible to carry out treatments that were 
not too invasive since the damage that appeared 
was serious but not exceptional (see the records 
for Saint Bernardino by Domenico di Michelino), 
while for paintings that were completely or nearly 
submerged, we became convinced that the degree 
of deterioration of the washed-out ground layers 
made the support irrecoverable. To this was added 
the finding, made some months later, that in many 
cases the supports were reduced in size, that is 
they had become narrower than what they were 
originally, impeding the repositioning of the paint 
because there was no longer the same surface area 
available for its attachment. In a report sent to the 
ministry of culture on February 27, 1967, twenty-
eight paintings were officially declared as requiring 
immediate transfer to a new support, forty-nine 
were classified as necessary but able to wait, and 
for another twenty, special treatments were indi-
cated (and among these was Cimabue’s Christ and 
the two large panels by Salviati and Bronzino).9 As 
Umberto Baldini wrote in the exhibition catalogue 
Firenze restaura:

An artwork. . . is a composite organism that we 
have to consider as indivisible. . . but if agents of var-
ious natures negatively intervene in its preservation 
to the point where the various parts of which this 
organism is composed risk damaging in an irrevers-
ible way the surface of the painting, it will be this, 
we think, that has to receive the greatest protection, 
it will be this that must determine the treatment of 
the other parts. So if the support (preparation and 
wood) is no longer able to maintain the right rela-
tionship of stability with the painting and acts on it 

in a negative way or risks deteriorating until it is lost 
forever, and if there is no other way to prevent this, 
it is clear that, albeit reluctantly, one should proceed 
to removing it and substituting that which is causing 
serious damage to the painting.10

On many artworks, the work began moving in 
this direction.

The Florentine lab had ample and successful 
experience in this field,11 experience that had come 
of age in the nineteenth century, in part following 
contact with Secco Suardo (1864), and that had 
included the execution of some important treat-
ments in the 1920s. For the time, the technology 
was quite advanced, as seen both in the removal 
of just the support (Nardo di Cione’s triptych, Ma-
donna and Child, Saint Gregory, and Saint Job) as 
well as the removal of all the layers up to the back 
of the paint film.

Some of these restorations were completed 
in those years and in the years immediately after, 
but the workload was such that other treatments 
remained unfinished, halted though at a phase 
in which the paint was stabilized, and still others 
were not even begun. These last comprised for 
the most part the paintings that were particularly 
demanding in terms of size, and for these it was 
necessary to solve logistical problems and deploy 
a considerable workforce for years.

Over the forty years since then, the approach 
to these challenges has in part changed, and the 
solutions adopted for the last works taken on are 
in some cases different from those that were cho-
sen in the years immediately following the flood. 
This depends only in part on the introduction of 
new techniques and materials, because in real-
ity, in the last few decades in which restoration 
and conservation have made great strides in the 
field of technical analysis, and the treatment of 
canvases and cleaning, there have not been new 
developments for the problems of consolidating 
paintings on panel. The approach to the artwork 
has changed as it is understood not only as an 
image but also as a heterogeneous combination 
of materials, each of which must be protected in-
tact as much as possible (on that subject, see the 
contribution of Marco Ciatti12). This has led to 
the decision to try, bearing in mind the condi-
tion of the artwork, solutions that are always less 
invasive, even if they are less thorough or defini-
tive. Moreover, the sum of the many experiences 
undertaken in this field by two generations of re-
storers has led to a series of considerations, ob-
servations, and reflections that have allowed us 
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Salviati) that were set aside at the time due to the 
difficulties that their restoration entailed was how-
ever a tremendous result, obtained by putting to 
good use the experiences of all those who, in those 
years, were in various ways involved in the resto-
ration of the flooded paintings.

to obtain excellent results through the progres-
sive refinement of traditional techniques and a 
prudent use of some synthetic adhesives for the 
resolution of specific problems.

Being able to maintain the integrity of two 
large sixteenth-century panels (the Bronzino and 
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1 These paintings are made on a wooden 
support that is composed of one or more 
planks depending on the dimensions of the 
artwork; the panel thus assembled has cross-
bars on its back while on the front side it often 
has a cushioning layer (usually canvas or tow), 
and always the preparation or ground layers 
made of gesso and animal glue, and then the 
paint. The crossbars are placed at right angles 
with respect to the wood grain of the support, 
they have a rectangular shape, are secured 
in different ways according to the period in 
which they were made: older paintings use 
nails that are inserted from both the back of 
the crossbars and from the front of the pan-
el, respecting specific rules. In the following 
centuries, various systems of attachment by 
means of partially-moveable constraints were 
tried, with brackets of wood or iron; and fi-
nally a structural support system to restrain 
deformations was developed with a method 
that involves the insertion of the crossbar 
along the back of the support in a channel 
with angled sides that converge lengthwise. 
Over time the preparation of the panel sur-
face also changed: the older paintings have 
a surface covered with pieces of canvas, and 
the ground was applied on top of these, but 
over the centuries, the technique was simpli-

fied, moving toward a simpler application of 
canvas strips over the joins and imperfec-
tions of the panel and subsequently, in the 
sixteenth century, the application of coarse 
vegetable fibers (tow) in the place of canvas 
strips, or the total elimination of any kind of 
cushioning material. The gesso and animal 
glue ground was applied over the cushioning 
layers, or directly on the wood if these were 
absent, followed by a priming or imprimatura 
that could be simply glue, and then the paint.
2 B. Molaioli, et al. Firenze salvata, Turin: 
1970, p. 12.
3 In fact, for the panels made of chestnut 
or oak, the phenomenon of absorption takes 
place over longer time periods.
4 G. Giordano, Tecnologia del legno, Turin: 
1981, vol. I, pp. 767–78.
5 G. Giordano, Tecnologia del legno, Turin: 
1981, vol. I, pp. 700–1.
6 Some panels were already showing signs 
of extreme danger in December; one of these 
was the Deposition by Allori. The reasons that 
could have contributed to such accentuated 
damage are varied but one of them that we 
believe to be important is that it arrived at 
the Limonaia with a wood humidity value of 
66%, much less than the other panels from the 

same museum which had a humidity between 
80–130%. Moreover, it saw an early shift to 
levels less than 30% by mid-December.
7 The fact that the painted planks were sep-
arated made the consolidation of paint easier, 
moreover, we had to wait for the humidity of 
the wood to adjust to the environment. Given 
the very poor condition of the preparatory 
layers, it was not possible to treat the wood of 
the painted panels with coercive methods.
8 G. Urbani, ed., Problemi di conservazione, 
Bologna: 1973.
9 Ugo Procacci a cento anni dalla nascita 
(1905–2005), Florence: 2005. pp. 121–24.
10 U. Baldini, Firenze restaura, Florence: 
1972, p. 57–58.
11 M. Ciatti, “Il trasporto del colore nei 
dipinti su tavola: Analisi, storica, tecnica es-
ecutiva, attuali applicazioni,” OPD Restauro 7, 
(1995), pp. 141–60.
12 M. Ciatti, “Quaranta anni dopo: I prob-
lemi conservativi dei dipinti alluvionati,” in 
Angeli, santi e demoni: Otto capolavori res-
taurati. Santa Croce quaranta anni dopo 
(1966–2006), edited by Marco Ciatti, Cecilia 
Frosinini, and Chiara Rossi Scarzanella. Flor-
ence: Edifir, 2006. pp. 13–52.



Anonymous Tuscan painter, Rosano Crucifix, 1129–1130 (?), Abbey of Santa Maria Assunta, Rosano. 
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The wood support of the Rosano Crucifix:
Technique and comparative examples

Ciro Castelli, Mauro Parri, and Andrea Santacesaria

The paintings of this type from this period that have 
been passed down to us are not numerous enough 
for us to make comparisons on the similarities of 
construction technique or materials employed. We 
do not have nearly enough technical data in our 
collection of knowledge to be able to broadly assess 
the criteria and methods used in these structures 
or suggest if these are actually from one region or 
another. For these reasons, we have taken into con-
sideration only some of the crucifixes that we have 
had the opportunity to study in greater depth in the 
course of restoration treatments, or during exami-
nations carried out to determine their condition. 
The paintings considered come from the area of 
Central Italy, and specifically Tuscany; the contem-
porary comparisons for the Rosano Crucifix that we 
use are: a crucifix from a private collection attrib-
uted to the same painter, the Sarzana Crucifix of 
Master Guillielmus (Maestro Guglielmo) from the 
Duomo of Sarzana, the Crucifix of Villa Giunigi, 
Crucifix Number 432 of the Uffizi, and a crucifix 
by a painter from the end of the 12th century from 
the Abbey of Sant’Antimo, today in Castelnuovo 
dell’Abate, Montalcino.1

Construction technique of the support
The panel of the Crucifix is made from chestnut 

planks, a timber species characteristic of structures 
for this kind of painting, especially from this period. 
The thickness of the panel is 5.5 cm and the over-
all dimensions of the painting currently extend to a 
height of 254 cm and a width of 230 cm.

The vertical portion is made of three planks: 
the main upright plank and the lateral apron 

panels of the body of the cross; these are aligned 
side-by-side and glued with butt-joins. The joins 
use four splines (16 cm wide, 10 cm high, and 2.5 
cm thick) held with cylindrical dowels (about 2 
cm in diameter) passing through the thickness of 
the panel. The horizontal section is made of single 
plank with a small added strip along the top part of 
the left terminal, again using a butt-join anchored 
with casein and two nails. The horizontal part 
overlaps the front of the upright panel with a half 
lap join; reinforcing this join are seven cylindrical, 
chestnut dowels (2 cm in diameter) located along 
the same horizontal line and passing perpendicu-
larly through the support. These are distributed in 
a symmetrical way: two through the lateral panels, 
and three through the central one (Figs. 1–2).

For this structure, the two main planks, the 
vertical and horizontal, were cut out beforehand 
according to a formal design that defined the ter-
minals of the cross that house the figures of the 
mourners and the lateral apron panels along the 
body of Christ so as to take advantage of the full 
width of the support. It should be stressed that the 
plan gave priority to the continuity on the front 
of the horizontal element that fits into the verti-
cal upright plank, defining the pictorial unity of 
the body and arms; this technique is found, as we 
will see in the comparative section, also in other 
crosses from the same period like Number 432 
from the Uffizi.

The internal faces of the join were protected 
with an application of a Sienna earth pigment be-
fore being glued (Fig. 3). The adhesive was abun-
dantly applied but only on the vertical element; it 

This text was originally published in Italian as:
“Ciro Castelli, Mauro Parri, and Andrea Santacesaria, “Il supporto ligneo della Croce di Rosano: Tecnica e confronti,” in La Croce 
dipinta dell’abbazia di Rosano: Visibile e invisibile, Studio e restauro per la comprensione, pp. 105–110. Edited by Marco Ciatti, 
Cecilia Frosinini, and Roberto Bellucci. Florence, Edifir, 2007. Translated by Helen Spande.
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appears quite dense and is made of gesso and ani-
mal glue, the same used to glue the dowels2 (Fig. 4).

The cut of the planks is radial and the verti-
cal plank was oriented with the outer surface fac-
ing the preparatory layers while the other planks 
were arranged in the opposite way according to 
the dominant custom. The wood quality is not the 
best; there are large knotty areas with erosion and 
losses of wood on the vertical plank. A large knot 
at the bottom was removed and the area patched 
with a chestnut piece 4 cm wide and 9 cm high 
and of the same thickness as the panel, held with 
casein.3

To complete the surface of the support, a 
circular halo was added made of a single piece of 
chestnut wood with a diameter of 42.5 cm and a 
sloping thickness from 5.5 cm at the top down 
to about 1.3 cm at the bottom. This piece has a 
projecting, carved, circular border with regularly 
spaced decorative motifs in gesso and an internal 
carved out surface on which was painted the 
face; the halo was positioned with the upper part 
leaning forward, set into the panel in a circular 
cavity and held with glue and four wood dowels 
passing through the entire thickness of the 
support and halo. It should be specified that this 
piece was applied only after the main support was 
completed, after having secured the crossbars on 
the back, and especially after having inserted the 

1. Diagram of the structure of the panel.

2. Diagram of the central half-lap join.

3. Application of gesso and glue and Sienna earth pigment 
inside the join.

4. Deposits of gesso and glue used to anchor the dowels.

5. The ends of the iron hanging hardware (campanella) are bent 
back and driven into the cavity that houses the head.
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iron hanging ring and hook (campanella) through 
the vertical and horizontal planks and having bent 
it back down under the cavity for the halo (Fig. 5).

Therefore the subsequent steps in the con-
struction of the support, with the half-lap join as 
described and with the circular cavity for the halo 
already carved out, foresaw the application on 
the back of an extremely simple crossbar system; 

this is made of five poplar pieces: one vertical on 
the central plank and two horizontal pairs across 
the plank of the arms and along the lower border 
of the lateral apron planks (Fig. 6). The crossbars 
are anchored with straight nails inserted from the 
back side in a rather obsolete way—that is, they are 
not bent back around under the preparation. As 
already mentioned, the hanging ring is held with 

6. The reverse before treatment.

Tavole fuori testo

191

V. Il retro prima del restauro
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an iron omega-shaped hook that passes through 
the vertical crossbar and the panel and the two 
points are separated and bent back under the halo 
cavity (Fig. 7). The construction of the support is 
finished with the application of the halo in the pre-
pared cavity and its anchoring with glue and the 
four wood dowels that pass through it.

On the back, the woodworking marks from an 
adze used to smoothed the surface are quite vis-
ible; furthermore, there was a layer of gesso and 
glue (ammannitura) applied as a protection. Giv-
en the few remaining traces of this material, it was 
not possible to ascertain if this coating was also 
pigmented (Fig. 8).

On the surface to be painted, a double layer 
of fine-weave canvas was applied as a cushioning 
layer up to the edges. The Crucifix therefore was 
painted over the entire surface of the panel. Along 
the perimeter, ovoid relief decorations were placed 
whose imprints can be seen on top of the canvas4 
(Fig. 9).

Usually, a careful reading of the structure of a 
panel painting brings to light the wisdom of the 
maker and his profound awareness of the technol-
ogy of the materials and their behavior: but not 
only. It is, in fact, particularly important to under-
score how this knowledge is also specifically tied 

to the particular use of wood as a surface on which 
to paint. The great Giottesque crucifixes, espe-
cially that of Santa Maria Novella are examples of 
structures that reach a quality and an elegance of 
the highest order, with a series of modifications 
that highlight a design polished down to the small-
est detail.5

In the case of the Rosano Crucifix, it should 
be noted that the structure includes refined fea-
tures as well as simpler and more modest ones, 
especially if compared with the other Florentine 
and Lucchese crucifixes of the period, as we will 
see shortly. For example, the central half-lap join 
is particularly well designed; this was made to ac-
commodate the insertion of the top of the lateral 
apron panels in the horizontal element along a 
third of its width. To achieve the inner surfaces 
and make them smooth and even, a small adze was 

7. The iron hanging hook and ring (campanella).

8. Separation of an almost completely detached section of the 
vertical crossbar. Traces of the original gesso coating on the 
back can be seen.

9. Traces of the original frame, covered by the seventeenth-
century frame (removed during treatment), can be seen in the 
X-ray.
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used. The desire to bond all the main elements of 
the structure firmly together without resorting to 
metal nails but just with wooden dowels and an 
adhesive made of animal glue and gesso should 
also be emphasized. However, the execution of the 
join was not very careful; in fact, during the resto-
ration treatment we noticed that there had always 
been a gap between the overlapping surfaces as a 
result of how it was put together, as seen by the 
thickness of the glue residue inside.

The crossbar system meant to limit deforma-
tions appears to be of decidedly lesser quality. De-
spite the dimensions and the thickness of the pan-
el, poplar crossbars in a rather reduced size were 
used. Poplar is a weaker wood species and more 
prone to deterioration than chestnut. Though, on 
one hand, the vertical length provides reinforce-
ment across the half-lap join, the two horizontals 
were each made of two segments of crossbar that 
meet the vertical length and that therefore do not 
provide continuous restraint but were interrupted 
in the center. In addition, the nails that hold these 
to the support do not penetrate and get bent back 
around but instead provide a relatively precarious 
bond. However, it should be noted that these have 
essentially held together the parts until now with-
out causing losses. This is also due to the placement 
of the painting within the abbey—the locations 
have not put the joints at excessive risk and have 
therefore succeeded in limiting damage. As we have 
seen, the only solid link that ties the crossbar to the 
body and horizontal arms is the iron hanging hard-
ware under the halo cavity—the double shaft of the 
hook passes through the crossbar, the half-lap of 
the vertical element (about 2.7 cm), and the modest 
thickness of the arm (a little less than 1 cm), finish-
ing with the double-shaft separating and being bent 
back around in a small notch in the already very 
thin wood. Most likely, during the insertion of this 
iron hardware, the wood of the arm would have had 
some damage from disruption of the wood grain 
and therefore presumably, the anchorage between 
vertical and horizontal was compromised from the 
beginning and became more vulnerable over time. 
These aspects bring us to consider how the support 
of the Rosano Crucifix was the likely the result of 
inexperience and naiveté in the construction of the 
object, more than negligence or shoddy execution.

Comparisons with other paintings6

The basic points that characterize the carpen-
try of the cross of the Master of Rosano as just de-
scribed are: the solidity of the support, the type of 

join between horizontal and vertical, the species 
of wood, the absence of nails in the structure, the 
large dowels, and the crossbar system. Regarding 
the strength of the support, the general sense of 
solidity that the observer has is from the right pro-
portional relationships between height, width, and 
thickness. Although the upper part of the cross was 
cut down, an adjustment due to the painting hav-
ing been relocated presumably in the 17th century,7 
there emerges a strong construction methodology 
based on a consistent use of materials. The ample 
thickness of the wood used proves to be effective 
for the assembly of the vertical and horizontal sec-
tions with the half-lap or rather cross-lap join. This 
is a simple technique that nevertheless incorporates 
the advantage that the arms are made from a single 
plank. Furthermore, thanks to the lateral apron 
panel planks that overlap for a third of the height of 
the horizontal, there is a strong bond across the join 
that has meant that over the centuries the planks 
have maintained planarity. Deeply overlapping the 
apron panels in the horizontal plank is a feature also 
found in Crucifix Number 432 of the Uffizi.

The choice of chestnut, a material widely used 
in paintings from the twelfth and thirteenth centu-
ries, is certainly motivated by the intent to create 
an object that would last and be stable over time. 
In fact, this wood species resists deterioration 
from aging and wood-boring beetle infestation 
very well due to its natural characteristics. Fur-
thermore, its stability to environmental fluctua-
tions is better with respect to other wood species. 
The use of wood dowels and not iron nails to join 
the vertical to the horizontal makes this structure 
distinctive and unusual. We find this technique 
again not only in the Sarzana Crucifix but also in 
the crucifix in a private collection attributed to the 
same artist, and in a small crucifix in the museum 
in Montalcino.8 In this last example, the dowels 
were not used in the half-lap join but to secure the 
lateral planks to the central element. The choice 
of trusting the anchorage of such an important 
part of the structure of a cross to wood dowels we 
will not find again afterwards because the use of 
dowels was substituted with iron nails with large, 
quadrangular, pyramidal heads whose protruding 
shafts were bent back down.

The construction technique of the Rosano Cru-
cifix can be contrasted with that of the Sarzana 
Crucifix. These two paintings have similar dimen-
sions9 and were made in roughly the same period 
using the same species of wood. However, they 
are substantially different in terms of construction 
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technique. The major difference is found in the 
choice of securing the horizontal element to the 
vertical: in the Rosano Crucifix as described above, 
the support and solidity of the horizontal is due to 
having been made from a single plank with a good 
thickness. This panel has a further reinforcement 
in the lower part of the arms thanks to the half-lap 
join that supports it across two-thirds of its length. 
Therefore, the weight of the projecting part of the 
arms with the terminals with Mourners, is not 
such as to subject the panel to deformations.

For the Sarzana Crucifix, different assessments 
can be made for the mortise-and-tenon joins that 
serves as the connection between horizontal and 
vertical elements. The use of such a technique 
in this structure is conditioned by the shape 
and dimensions of the cross where a choice that 
allows it to be more graceful and have structural 
harmony through balanced proportions makes this 
contextually appropriate. In addition, the choice of 
inserting the arms reduces cracking on the painted 
image from joins between planks. Furthermore, this 
kind of join has prevented, in this particular type 
of cross, weakening the upper part of the vertical 
section near the halo. In order to support the 
arms well at the connection to the body, a series of 

technical adjustments were put into practice so that 
the weight of the projecting arms did not impact only 
on the mortise-and-tenon. In order for the mortise 
socket that receives the tenon to be durable and 
stable, it is a third of the thickness of the plank and 
centered; it stops four centimeters before reaching 
the shoulder. The tenon was reduced in height in 
the area corresponding to the un-carved part of 
the vertical so as to obtain a perfect fit. Additional 
support is then given to the arms, on the lower side, 
from the lateral planks attached to the sides of the 
body of Christ. The precision in the creation of these 
joins ensures the success of the design.

Of course differences in the structures of the 
Master of Rosano and Master Guillielmus are also 
distinguishable in the way the crossbar system is 
made; in the Rosano Crucifix the vertical element 
is given priority for structural reinforcement. The 
system is extremely simple: it is made of a continu-
ous element positioned at the center of the back of 
the support, the crossbars of the arms are placed 
on the sides of this and along the lower margin of 
the apron. In the Sarzana Crucifix, the support 
for the projecting arms is a single vertical crossbar 
that unites the horizontal to the vertical; it is se-
cured to the vertical plank, the load-bearing part 

10. Crucifix Number 432, Gallerie degli Uffizi, Florence. 11. Crucifix Number 432, Gallerie degli Uffizi, Florence. The use 
of recycled wood, nails anchoring the horizontal arm to the ver-
tical plank, and the coarse workmanship of the construction are 
evident on the reverse.
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tempo e all’attacco degli insetti xilofagi. Inoltre la sua sta-
bilità alle variazioni climatiche è migliore rispetto ad altre 
specie. L’impiego di perni di legno e non di chiodi di ferro 
per unire il corpo al braccio rende particolare e singolare 
questa costruzione. Ritroviamo questa tecnica non solo 
nella Croce di Sarzana, ma anche nella Croce di collezione 
privata attribuita allo stesso artista, oltre ad una piccola 
Croce nel museo di Montalcino 8. In quest’ultima i perni 
non sono stati usati nell’unione a mezzo legno, ma per 
fermare i tabelloni laterali all’elemento centrale. La scelta 
di affidare l’assemblaggio di una parte così importante 
della costruzione di una croce a dei perni di legno non la 
ritroveremo più in futuro, perché viene sostituita con l’uso 
di chiodi di ferro a larga testa di forma quadrangolare pi-
ramidale dei quali viene ripiegata la punta. Alla tecnica di 
costruzione della Croce di Rosano si contrappone quella 
della Croce di Sarzana. Queste due opere hanno misure 
simili 9 e sono state costruite all’incirca nello stesso pe-
riodo utilizzando uguale specie di legno. Esse sono però 
sostanzialmente differenti nella tecnica costruzione. La 
maggiore differenza si riscontra nella scelta di applicare 
le braccia al corpo: nella Croce di Rosano, come scritto 
sopra, il sostegno e la solidità delle braccia sono determi-
nati dall’essere composti di un’unica tavola con un buono 
spessore. Questa trova un ulteriore rinforzo nella parte 
inferiore del braccio grazie all’incastro a mezzo legno che 
la sostiene per circa due terzi della sua lunghezza. Di con-
seguenza il peso della parte aggettante delle braccia, con 
i terminali dei dolenti, non è tale da sottoporre la tavola 
a deformazioni. Nella Croce di Sarzana, si possono trarre 
considerazioni diverse riguardo all’unione delle braccia 
al corpo con un ancoraggio tenone-mortasa. L’impiego 
di tale tecnica in questa costruzione è condizionata dalla 
forma e dalle misure della croce, nella quale si è ricercato 
un criterio per dare maggiore gentilezza alla forma stessa e 
un equilibrio strutturale, attraverso proporzioni misurate, 
rendendola contestualmente solida. Inoltre la scelta di 
inserimento delle braccia fa diminuire le fratture sull’im-
magine dipinta dovute alle congiunzioni delle tavole. Tale 
sistema di montaggio delle braccia ha evitato in questa 
particolare forma di croce l’indebolimento della parte 
superiore del ritto in corrispondenza dell’aureola. Perché 
le braccia fossero ben sostenute nel collegamento al corpo 
vengono messi in pratica una serie di accorgimenti tecnici 
in modo che il carico dell’aggetto delle braccia non gravi 
solo sul tenone-mortasa. La sede che riceve il tenone per 
essere resistente e stabile è larga un terzo dello spessore 
del supporto e realizzata nel centro di questo; lo scavo 
si interrompe quattro centimetri prima di arrivare alla 
spalla. Il tenone è stato ridotto in altezza nella parte cor-
rispondente non scavata nel corpo in modo che si ottenga 
una perfetta unione. Un valido sostegno è poi dato alle 
braccia, sul lato inferiore, dalle porzioni di tavole riportate 
ai lati del corpo del Cristo. La precisione nella realizzazio-
ne di questi incastri completa la riuscita del lavoro.

Naturalmente queste differenze di costruzione tra le 
croci del Maestro di Rosano e di Guglielmo si sono distinte 
anche nella realizzazione delle traversature; nella Croce di 

7. Croce 432, Firenze, Galleria degli Uffizi

8. Croce 432, Firenze, Galleria degli Uffizi. Retro. Si evidenzia l’utiliz-
zo di legno di recupero, i chiodi che fissano il braccio al ritto di croce 
e la grossolana rifinitura della costruzione

Ciro Castelli, Mauro Parri, Andrea Santacesaria

108
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of the structure, with three nails and another three 
for each arm.

Some Lucchese painted crosses were made 
following the same criteria, shape, structure, and 
wood species of the Sarzana Crucifix. Examples 
are the crucifix of the Museo Nazionale di Villa 
Guinigi, and the crucifix of the church of San Mi-
chele also in Lucca.

Another useful comparison for the Rosano 
Crucifix is the Crucifix Number 432 of the Uffizi 
(Fig. 10). In this painting, the materials and tech-
niques used in the structure are exactly the same. 
Chestnut wood was used, the vertical and horizon-
tal elements were built in the same way, and the 
same criteria were followed for the join between 
upright section and arms. As in the Rosano Cru-
cifix the lateral apron panels to the sides of Christ 
were joined overlapping by one third the lower 
part of the horizontal section. The differences that 
emerge in the cross of the Uffizi include a wide-
spread use of iron nails and recycled wood10 (Fig. 
11). In fact, in this example, the arms are attached 
to the body by long quadrangular iron nails, in-
serted in an alternating way both from the back 
and front before the application of the ground 
layers; those that protrude on the back have been 
bent down with little care, in fact, part of the shaft 
of the nails sticks out before being bent back into 
the wood. In addition, there a lack of care in the 
final finishing of the wood. In the history of mak-
ing panel supports for paintings, the use of wood 
recovered from previous objects is found across 
various centuries. Some examples are the Triptych 
of San Giovenale by Masaccio, and the Polyptych 
of the Intercession by Gentile da Fabriano.

It is not possible to compare the crossbars 
because those present on Crucifix 432 of the Uffizi 
have been re-made relatively recently. The only 
thing that we can see is that the current one is 
in large part positioned over the space of a pre-
existing one. As with the Rosano Crucifix the 
painting of the Uffizi bears the same qualities of 
stability and general preservation of the object, 
and in both, the same problem of the separation 
between horizontal and vertical parts exists. This 
negative factor that involves the cracking of the 
painting of the figure of Christ and in the partial 
detachment of the horizontal section with respect 
to the body, derives from the kind of structure and 
in the shrinkage of the wood over the centuries. 
For Crucifix 432, the most distinctive feature is 
the likely originality of the gilded perimeter frame 
with a wide, rounded molding, matching the 

gold-ground of the painting; this element is not 
found in the other painted crosses examined and 
represents a unique example for the period.

The structure of the crucifix attributed to the 
same painter as that of Rosano is both interest-
ing and unusual. The painting of modest dimen-
sions is well-proportioned. It is very likely made of 
poplar wood. The arms are made of two elements 
that join at the body with quite an unusual attach-
ment (Fig. 12). Unfortunately, it is not possible to 
say what adjustments to size and shape have hap-
pened. The cross is made of a vertical element 
made of a single plank of diametral cut and two 
other smaller planks for the arms. The area of the 
body, of the legs and of the upper section, is carved 
out from a single plank; the arms each join to the 
body with half-lap join. This type of join is unusual 
in this kind of panel: it consists of a half-lap tenon 
carved out on part of the back, as long as a third of 
the total length of the arm, with a slightly trapezoi-
dal shape with sloping sides and off-center toward 
the bottom. However, they have been inserted by 
force into the body with anchorage in the form of 
four dowels similar to those of the Rosano Cru-
cifix. The nails that are present we think are not 
original but added in a period after it was made.

12. The Master of the Rosano Crucifix, Painted Cross, private 
collection, Rome. The join of the horizontal plank to the verti-
cal of the cross held with wood dowels can be seen from the 
reverse, like the Rosano Crucifix.
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Rosano, infatti, come rinforzo strutturale si privilegia il cor-
po verticale. Il sistema è estremamente semplice, si compone 
di un elemento continuo posto al centro del retro del sup-
porto, a questo sui lati si addossano le traverse delle braccia 
e quelle poste al margine inferiore del corpo. Nella Croce di 
Sarzana il sostegno per l’aggetto delle braccia è affidato ad 
un’unica traversa che unisce le braccia al corpo, essa è fissata 
alla tavola verticale, elemento portante della costruzione, 
con tre chiodi e altri tre per ogni braccio.

Con lo stesso criterio, forma, tecnica di costruzione 
e specie di legno della Croce di Sarzana sono realizzate 
alcune croci lucchesi. Esempi sono la Croce del Museo 
Nazionale di Villa Guinigi, e la Croce della chiesa di San 
Michele sempre a Lucca.

Un altro confronto utile e possibile che possiamo fare 
con la croce di Rosano è la Croce 432 degli Uffizi (Fig. 7). 
In quest’opera sono perfettamente identici il materiale e le 
tecniche adottate per la costruzione. È stato usato il legno 
di castagno, si costruiscono allo stesso modo le parti del 
corpo e delle braccia, si segue lo stesso criterio per l’unio-
ne tra il ritto e le braccia. Come nella Croce di Rosano i 
tabelloni del corpo del Cristo si inseriscono per un terzo 
nella parte inferiore delle braccia. Le differenze che emer-
gono nella Croce 432 sono: ampio uso di chiodi di ferro e 
legno di riuso 10 (Fig. 8). Infatti, in quest’ultima opera si 
assemblano le braccia al corpo per mezzo di lunghi chiodi 
di ferro di forma quadrangolare, inseriti in modo alterna-
to sia dal retro che dal davanti prima della stesura della 
preparazione; quelli che sporgono sul retro sono ripiegati 
con scarsa cura, infatti, parte degli steli dei chiodi sono 
addossati in modo sporgente prima di essere ribaditi nello 
spessore del legno. Inoltre vi è stata minore cura nella rifi-
nitura del manufatto. Nella storia delle costruzioni lignee 
dei supporti dipinti, la messa in opera di legno recuperato 
da altri precedenti manufatti, si ritrova in vari secoli; ne 
sono alcuni esempi il Trittico di san Giovenale di Masaccio, 
e il Polittico dell’Intercessione di Gentile da Fabriano.

Non è possibile fare un confronto sulle traversature, 
perché quella presente sulla Croce 432 è tutta rifatta in 
tempi non lontani. L’unica cosa che possiamo vedere è 
che quella attuale è in larga parte posizionata sugli spazi di 
una preesistente. Come nella Croce di Rosano, anche nel-
l’opera degli Uffizi si ritrovano gli stessi pregi di stabilità 
e sostanziale conservazione del manufatto, ed in entrambe 
si riscontra lo stesso problema di scollamento tra le brac-
cia e il ritto. Questo fattore negativo, che consiste nella 
separazione della parte pittorica della figura del Cristo e 
nella parziale fuoriuscita delle braccia rispetto al corpo, è 
da ricercarsi nella tipologia di costruzione e nel ritiro seco-
lare del legno. Nella Croce 432 l’aspetto più caratteristico 
è rappresentato dalla probabile originalità della cornice 
perimetrale modanata con un ampio guscio e dorata come 
il fondo della pittura; questo elemento non si ritrova nelle 
altre croci esaminate e rappresenta un caso unico per il 
periodo.

Interessante e particolare è la costruzione della Croce 
attribuita alla stesso autore di quella di Rosano. Il manu-
fatto di contenute dimensioni, ben proporzionate, è molto 

probabilmente costruito con legno di pioppo, le braccia 
sono composte da due elementi che si uniscono al corpo 
con un incastro alquanto singolare (Fig. 9). La croce si 
compone di un elemento verticale, una sola tavola di taglio 
diametrale, e di altre due piccole tavole per le braccia. La 
forma del corpo, delle gambe e della parte superiore è ri-
cavata sagomando una unica tavola; le braccia si uniscono 
singolarmente al corpo con un incastro a mezzo legno. 
Questo tipo di incastro è inusuale in questa tipologia di 
opere: si tratta di un tenone a mezzo legno ricavato sulla 
parte del retro, alto un terzo della lunghezza totale del 
braccio, di forma leggermente a trapezio con i lati inclinati 
e decentrato verso il basso. Perciò le braccia, si incastrano 
a forza nel corpo e il bloccaggio è dato da quattro perni 
dalle caratteristiche simili a quelli della Croce di Rosano. I 
chiodi che sono presenti pensiamo che non siano originali, 
ma inseriti in tempo successivo alla realizzazione.

La presenza di grossi perni lignei si trova anche nella 
Croce di un pittore della fine del XII secolo realizzata per 
l’abbazia di Sant’Antimo. Questa, anche se più tarda e 
di misure molto più piccole, è costruita secondo i canoni 
della Croce di Rosano, cui è molto simile per dimensione 
e lavorazione (per esempio, i perni di legno per fermare i 
tabelloni laterali al ritto); unica differenza è nell’utilizzo di 
una diversa specie legnosa.

9. MaesTRo della CRoCe di Rosano, Croce dipinta, Roma, collezione 
privata. Retro. Si evidenzia l’inserimento del braccio nel ritto di croce, 
fermato con perni lignei come nella Croce di Rosano



Structural Conservation of Panel Paintings at the OPD in Florence: Method, Theory, and Practice

164

The presence of large wooden dowels is also 
found in a crucifix of a painter from the end of the 
twelfth century—a panel made for the Abbey of 
Sant’Antimo in Castelnuovo dell’Abate, Montalcino. 
Even though later and of much smaller dimensions, 
it is made according to the parameters of the Rosano 
Crucifix. It is differentiated by the kind of wood, but 
it is very similar in terms of proportion and work-
manship, for example the wood dowels that hold the 
lateral panels to the body of Christ. The main differ-
ence is in the use of a different species of wood.

Some considerations on the techniques of these art-
works

Analyzing the measures put into effect in the 
making of these crosses, the differences that we 
find indicate an interweaving of technical solu-
tions aimed at determining an ideal wooden struc-
ture—ideal not only for itself, but capable of re-
ceiving and preserving the painting that would be 
applied. For example, in this period, we see how it 
was already considered necessary to select wood 
planks that would ensure durability, good stabil-
ity, and suitability to receive the preparatory layers 
that characterize painting on panel.

We also encounter even more detailed features 
that distinguish wood structures meant for furni-
ture from those meant for a painting. The care tak-
en in the choice of wood, the kind of cut, and the 
face that was destined to be painted are elements 
that show an awareness of the properties of wood, 
its natural adaptations to environmental fluctua-
tions, and to the deformations caused by aging. It 
should also be added that the back of the painting 
was treated with an application of material with the 

same characteristics as the preparatory layers of the 
painting. This material certainly had the function 
of balancing the forces between front and back and 
protecting the wood from insect attack and envi-
ronmental factors. A lot of care, as Cennino Cen-
nini would write in his Libro dell’arte two centuries 
later, is also given to the application of the prepa-
ratory layers on the panel before painting. In this 
period, precisely because of the awareness of wood 
properties, the panel was no longer painted on di-
rectly, but there were pieces of canvas, sometimes 
double-thick, applied to reduce and cushion the 
negative actions of the wood on the layers of gesso. 
Despite this, the gesso, due to its glue component, 
was sensitive to environmental fluctuations with an 
expansion similar to that of wood though certainly 
the degree of movement of the support is not com-
parable to that of the ground.

As we see through the analysis conducted on 
these paintings, there are different techniques used 
and variations in the expertise of the carpentry 
workshops that worked for different artists, also 
symptomatic of the intellectual richness of the re-
gion. Furthermore, some considerations derive from 
the fact that the choices of certain rules were dictated 
by scale or shape of the paintings that needed to be 
made. But precisely because of the adoption of these 
adjustments, it is easy to see how nothing happened 
by chance and the choices did not arise out of a void 
but rather traced their origins from the context that 
drew on a longstanding knowledge.

All of this knowledge seems to have become 
perfected gradually over time through the 
observations and experiences that the artists had 
directly with the existing artworks and objects.

1 Currently the painting is at the Museo di 
Montalcino.
2 The presence of Sienna earths with gesso 
and glue was detected by analysis carried out 
by the Laboratorio Scientifico of the Opificio 
delle Pietre Dure, record number 0959.3.
3 The presence of casein was detected by 
analysis carried out by the Laboratorio Scien-
tifico of the Opificio delle Pietre Dure, record 
number 0959.2.
4 This particular aspect has been discussed 
in the contribution by Roberto Bellucci on the 
restoration treatment.
5 C. Castelli, M. Parri, A. Santacesaria, 
“Tecnica artistica, stato di conservazione e 
restauro della Croce in rapporto con altre 
opere di Giotto. Il supporto ligneo,” in Giotto: 
La Croce di Santa Maria Novella, edited by 

M.Ciatti and Max Seidel, Florence 2001 pp. 
247–71.
6 For additional comparisons with equally 
old examples, see the following articles: C. 
Castelli, M. Parri, A. Santacesaria, “La tecnica 
di realizzazione e lo stato di conservazione: Il 
supporto ligneo” in L’”Immagine Antica”: La 
Madonna col Bambino di Santa Maria Mag-
giore, edited by M. Ciatti and C. Frosinini, 
Florence 2002 pp. 97–103; M.L. Altamura, R. 
Bellucci, C. Castelli, M. Ciatti, C. Frosinini, M. 
Parri, A. Santacesaria, “Appunti per una ricer-
ca sulla tecnica artistica della pittura pisana 
del Duecento” in Cimabue a Pisa: La pittura 
pisana del Duecento da Giunta a Giotto, ed-
ited by M. Burresi and A. Caleca, Pisa, 2005 
pp. 287–94; M.L. Altamura, R. Bellucci, C. 
Castelli, M. Ciatti, C. Frosinini, P. Nieri, M. 

Parri, E. Rossi, A. Santacesaria, “La pittura a 
Pisa nel Duecento: Osservazioni sulla tecnica 
artistica,” OPD Restauro 17, 2005, pp. 239–64.
7 See the text by Roberto Bellucci on the 
restoration.
8 C. Castelli, M. Parri, A. Santacesaria, “Ap-
punti sulla tecnica di costruzione della Croce di 
Sarzana” in Pinxit Guillielmus: Il restauro della 
Croce di Sarzana, edited by M. Ciatti and Ceci-
lia Frosinini, Florence 2001 pp. 55–58.
9 For the Rosano Crucifix the current di-
mensions are: 254 cm high x 230 cm wide, with 
a thickness of 5.5 cm. For the Sarzana Crucifix: 
297 cm high, 214 cm wide, with a maximum 
thickness of 5 cm, minimum of 4.2 cm.
10 On the back, there were channels cut 
horizontally in the lateral panels that served 
no technical function for this kind of object.
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The wood support of the Rosano Crucifix:
Conservation and restoration

Ciro Castelli, Mauro Parri, and Andrea Santacesaria

Condition and treatment plan
The Rosano Crucifix arrived in the Laboratory 
with essentially two apparent alterations that been 
carried out in the past.

The vertical panel had been cut down just above 
the halo and was therefore missing the entire car-
touche at the top. The cut edge had a conical hole 
made in it with an opening of about 2.2 cm and a 
depth of 7 cm in which a relic had been inserted 
which was still present at the time of our treat-
ment. Most likely, this small object was originally 
in another location in the part that was cut off and 
therefore the current hole was made immediately 
after the cut to rehouse the relic in the support. In 
fact, the upper edge has a gouge that is evidence of 
its original location. The other modification that the 
painting was subjected to was the application of a 
carved frame applied to the perimeter; it was at-
tached directly on top of the paint with carpenter’s 
hide glue and nails. These alterations were carried 
out at the same time and came about from a change 
in the location of the crucifix within the abbey 
church which occurred in the 17th century.

The support does not bear any signs of previ-
ous structural treatments but only deterioration 
related to the original construction technique. 
Therefore it can be thought of as an exceptional 
finding in that it has preserved its material integ-
rity almost completely intact for a millennium 
despite this combination of elements that theo-
retically would lead us to think of preservation 
difficulties since the beginning (Fig. 1).

Even when the Crucifix was being moved to 
the laboratory, it was possible to recognize a series 

of phenomena of detachment and structural fail-
ure of the assembly.

First of all, the poplar crossbars had suffered 
from significant wood-boring beetle infestation; 
some nails that held them to the panel had come 
loose from their holes making the connection 
between panel and crossbar quite weak. This 
condition was most visible where the horizontal 
element was shifted about 1 cm forward, such 
as to make for a step in the surface, horizontally 
across the picture plane, along the join line be-
tween the planks and resulting in the fractur-
ing of canvas and paint. Furthermore, the joins 
between the main vertical and the planks that 
formed the lateral apron panels had given way; 
on the left in a linear way, on the right causing 
cracking of the lateral plank at the height of the 
spline. This fact is accounted for by the natu-
ral transverse contraction of the vertical planks 
that strain against the wood dowels, causing 
fracturing along the join lines or in weaker grain 
area (Figs. 2–3).

The panel had widespread wood-boring beetle 
damage concentrated around a knotty area of the 
central plank, causing deep erosion.

The analysis of the condition reveals the paint-
ing caught in a dangerous and precarious state. 
Clear detachment and progressive structural fail-
ure could be ascertained to which solutions were 
proposed both for preservation reasons and for 
the physical security of the object (Fig. 6, p. 159). 
A treatment methodology was needed that had as 
its main scope that of providing a stronger bond 
between all the parts.

This text was originally published in Italian as:
“Ciro Castelli, Mauro Parri, and Andrea Santacesaria, “Il supporto ligneo della Croce di Rosano: Conservazione e restauro,” in La 
Croce dipinta dell’abbazia di Rosano: Visibile e invisibile, Studio e restauro per la comprensione, pp. 131–136. Edited by Marco 
Ciatti, Cecilia Frosinini, and Roberto Bellucci. Florence, Edifir, 2007. Translated by Helen Spande.
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During the development of the treatment 
plan, evaluating the construction technique of 
the Crucifix and considering the importance of it 
as exceptional historical evidence, a decision was 
made to work to preserve exactly this original 
technique, taking advantage of its characteristics 
and giving new functionality to the hold of the 
materials and structure. Given the extreme vul-
nerability of the connections between the parts 

(the nails and dowels had loosened) it seemed 
possible and relatively easy to dismantle the sup-
port without causing losses or damage to the 
original materials. The nails could be extracted 
by pulling them out of their holes in which the 
adhesion was in certain cases minimal, and in 
others entirely nonexistent. It was, in fact, pos-
sible to ascertain that the glue of the dowels had 
given way and the wood element on which the 

1. X-radiograph of the Rosano Crucifix

La Croce dipinta dell’abbazia di Rosano
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IV. Radiografia della Croce di Rosano
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face of Christ was painted could be extracted 
without danger; furthermore, the shaft of the 
hook was made of soft iron and could be easily 
straightened and removed. All these steps would 
make the next phase of consolidation of the panel 
and rejoining of the original assembly possible al-
lowing for firm connections. From our point of 
view, in the early planning, this series of opera-
tions would enable the reinforcement of the deep 
detachments between the central vertical plank 
and the lateral apron panels: in this case the pro-
cedure would have caused a slight loss of original 
wood material in order to permit the execution 
of narrow channels for wedges, but this is a loss 
that is perfectly compensated for by the results 
in terms of returning the wholeness of the im-
age and the aim of preservation. Finally, accord-
ing to this same preservation principle, the re-
construction of all the eroded wood areas could 
be executed, like those in proximity to the knots 
attacked by insects or along the edges; this opera-
tion would give greater solidity and a protection 
from dust and subsequent biological attack.

However, the assessment of the painting 
developed over time with a series of 
considerations. As is typical, the various working 
options for paintings being restored in our 
laboratory are questioned and discussed in a 
collegial way by the work team and even if these 
are purely technical choices, they are subject to 
critical reflection. In this case, it is important to 
recognize how pursuing this in depth brought 
about a substantial and important modification 
to some parts of the treatment plan. While the 
necessity of structural dismantling and a new and 
more solid re-assembly remained, corrections to 
the plan regarding especially excluding the wedge-
reinforcements for the separations of the joins 
were made in light of new, clearer ideas about the 

treatment methodology, the execution technique, 
and the condition of the entire painting. This was 
an important marker that allowed us to see how 
the ideal set up of different phases of critical and 
technical development ought to proceed in step 
as so often one illuminates the other.

It is essential, therefore to be able to rethink 
decisions that seem already definitive just based 
on practicalities: technical abilities should never 
be the guiding criteria for restoration choices, but 
only add support to the critical process.

It was possible, on the basis of what was ex-
pressed earlier, to better recognize the cause of 
the joins opening up along the lateral panels as 
due to a shrinkage of the wood that was restricted 
or jammed by the dowels. We know from experi-
ence that the wood panels are subject to a series of 
forces due to various factors in their first years of 
life. The single elements connected to each other 
seek an equilibrium across the whole; the over-
lying layers of gesso, glue, and paint introduce a 
quantity of humidity that provokes further settling 
movements. Finally, the finished painting adapts 
to the display environment in which it is installed, 
the different types of wood complete their adjust-
ments, and the various materials begin to react to 
the new environmental conditions. In this step, it 
is possible to see large contractions of the panel 

2. Detail of the crack along the left lateral panel.

3. Detail of the cracking along the wood grain corresponding to 
the position of a spline.



Structural Conservation of Panel Paintings at the OPD in Florence: Method, Theory, and Practice

168

imposing stresses and separation along joins and 
cracks, presumably due to the forces exerted by 
rigid connecting elements like dowels or nails. 
These phenomena can amount to some millime-
ters of transverse contraction of the paint surface, 
even some centimeters as was seen in the most 
striking case of Duccio’s Maestà in the Uffizi.1 This 
means that the surface on which the paint was ap-
plied contracted and was reduced in size. In this 
situation it might be thought that occurrences of 
paint lifting are likely but the surfaces of the paint-
ings that show this kind of problem to different 
degrees do not have flaking or lifting, except for a 
tendency to crack along with the panel. If the same 
phenomenon of contraction occurred centuries 
later as in the case of the supports struck by the 
flood, the paint layer would obviously detach, not 
only because of loss of adherence, but because of 
the volumetric shrinkage of the panel.

Therefore, in the case of the Rosano Crucifix, as 
with innumerable early cases, the flexibility of the 
materials applied in layers has allowed the ground 
and paint to follow the contraction of the support 
without damage. From this analysis of behavior of 
materials derives the possibility of locating the dete-
rioration factors in time; this serves to clarify many 
unknowns in relation to the condition, and above 
all regarding the development of a treatment plan 
aimed at the actual needs of the painting and there-
fore limited in impact. These factors indicate that 
some of the heavy-handed treatments of the past 
on wood supports were due to a superficial reading 
of deterioration factors. In fact, if we chronologi-
cally contextualize the deterioration of the Crucifix 
to the earliest years of its history, we can read the 
marks of time with a new perspective.

The cracks, the separations, the deformations, 
even the wood-boring beetle damage can be asso-
ciated with its beginnings and therefore their pres-
ervation impact can be put in perspective. Thus, a 
panel, even though eroded and riddled with beetle 
tunnels, can be considered, paradoxically, strong 
and clear evidence of an excellent state of preser-
vation. It illustrates, in fact, better than any list, 
that which the passage of time has marked on its 
substance, thanks to its exceptional duration in the 
same location and to the environmental stability.

Faced with these considerations, our treatment 
of the support followed a very different approach 
from that which we had originally decided, espe-
cially with regard to the reinforcement of the sepa-
rating joins of the lateral panels and their connec-
tion to the vertical plank. Though aware that using 

thin wedges to re-attach the joins would have as-
sured a strong bond, we decided for a path that 
would be more respectful of the original material, 
exceptionally preserved over time.

The treatment of the support
Obstacles were not encountered in carrying 

out the steps of the treatment nor were changes 
from the treatment plan required.

Almost all the elements of the frame were de-
taching and were therefore removed by extracting 
the nails; the work was carried out with extreme 
caution because some portions of paint remained 
attached to the underside of the frame. The seg-
ments of frame that were firmly adhered to the 
surface were reduced in thickness until the paint 
was exposed. Subsequently, all the areas of paint 
stuck to the detached pieces of frame were recov-
ered and repositioned in their original locations 
with a technique that is described in the contribu-
tion on the treatment of the painted surface.

The upper horizontal crossbars were practi-
cally free and the nails came out without any re-
sistance. Then the painting was positioned on its 
side to enable it to be dismantled with full control 
and a view of the whole (Fig. 4). The piece with the 

4. The painting was positioned on its side in order to be 
dismantled. The discontinuity between horizontal and vertical 
is visible.



169

Ciro Castelli, Mauro Parri, and Andrea Santacesaria, The wood support of the Rosano Crucifix: Conservation and restoration

head was extracted with much care because the 
friction of the dowels in their cavities could have 
caused damage to the paint where they contacted 
it at their ends (Figs. 5–6). The removal process 
was carried out with constant observation of the 
paint surface in raking light. Three dowels re-
mained inserted in the wood of the halo while the 
fourth remained embedded in the vertical plank 
because its tip had naturally detached from the 
ground and canvas on the area of the head. Af-
ter the piece was removed, the iron hanging hook 
(campanella) was drawn out and the wood frag-
ments remaining under this were saved. Then the 
horizontal element with the arms was detached 
from the body of the cross, a procedure enabled 
by the complete separation along the join lines of 
the canvas and paint. This was a simpler opera-
tion from the previous one in that the dowels had 
given way more definitively and were attached 
only to the arm (Figs. 7–8). Inside the join there 
was a great quantity of material that had accumu-

lated over time and that was carefully removed, 
with care to not remove fragments of original ma-
terial (gesso with animal glue and Sienna earth) 
still present as a coating but not well adhered to 
the support. The part of the arm that was cracked 
and eroded in proximity to the iron of the hanging 
hook was reinforced; the fragments that had been 
saved were repositioned and the losses were filled 
with aged chestnut wood (Fig. 9). During this op-
eration, it was noted that the reconstruction of the 
wood need not be limited in depth to follow the 
thin original layer of about 1 cm in that, since the 
beginning, there had been a gap between the sur-
face of the arm and the body. This probably caused 
the thinner wood to give way, especially because 
in dividing and bending back down the arms of 
the iron hook, there was no adequate resistance in 
the underlying wood. Therefore, the reconstruc-
tion made during the treatment goes deeper in the 
wood than the original and it rests, without be-
ing glued, on the surface of the body of the cross. 

5. The wood disc with the head of Christ. 6. The back of the wood disc with dowels. Traces of Sienna 
earth, gesso, and glue are visible.

7. The horizontal of the cross after dismantling.
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Le fenditure, le sconnessioni, le deformazioni, anche gli 
attacchi da xilofagi, possono essere collocati alle origini e 
quindi essere ridimensionati nel loro impatto conservativo. 
Così un supporto, seppur eroso e solcato dalle gallerie dei 
tarli, può essere considerato, paradossalmente, forte e lu-
cido testimone di uno stato di conservazione ottimo. Esso 
rappresenta infatti, meglio di qualsiasi tabulato, quello che 
il passaggio del tempo ha determinato sulla sua materia, 
grazie alla eccezionale permanenza nello stesso luogo di 
collocazione ed alla stabilità ambientale.

Di fronte a queste considerazioni anche il nostro in-
tervento sul supporto ha seguito una linea molto diversa 
da quella che ci eravamo originariamente prefissata, so-
prattutto riguardo il risanamento delle sconnessioni dei 
tabelloni ed il loro collegamento all’asse verticale. Pur 
consapevoli che la ricongiunzione a cunei sottili avrebbe 
assicurato un forte legame, abbiamo deciso per una strada 
che fosse maggiormente rispettosa della materia originale, 
eccezionalmente conservatasi nel tempo.

L’intervento sul supporto

Le fasi d’intervento non hanno subito ostacoli o varia-
zioni rispetto alla definizione progettuale.

Quasi tutti gli elementi della cornice risultavano 
oramai decoesi e sono stati staccati estraendo i chiodi; le 

operazioni sono state condotte con estrema cautela poiché 
porzioni di colore erano rimaste attaccate sotto la cornice. 
Quei segmenti di cornice ancora saldamente aderenti alla 
superficie sono stati ridotti nello spessore fino alla scoperta 
della pellicola pittorica. In seguito, tutte le parti di colore 
solidali alle cornici staccate, sono state recuperate e nuova-
mente alloggiate nelle zone di origine con una procedura 
che verrà descritta nel contributo successivo in questo 
stesso volume.

Le traverse orizzontali alte erano praticamente libe-
re ed i chiodi sono fuoriusciti senza opporre resistenza. 
Quindi l’opera è stata posta su un fianco per poter effet-
tuare lo smontaggio con pieno controllo e visuale dell’in-

3. L’opera viene posizionata su un fianco per lo smontaggio. È eviden-
te il dislivello tra braccio e corpo

4. Il disco ligneo che ospita la testa di Cristo

5. Il retro del disco ligneo con i perni. Sono visibili le tracce di Terra 
di Siena e gesso e colla
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sieme (Fig. 3). Il pezzo che ospita la testa è stato estratto 
con molta cautela poiché l’attrito dei perni nella loro sede 
poteva causare danni sulla superficie pittorica a contatto 
con l’estremità alta di essi (Figg. 4-5). Il movimento di 
traslazione è stato accompagnato da una costante visualiz-
zazione della pittura a luce radente. Tre perni sono rimasti 
inseriti nel legno dell’aureola, mentre il quarto è rimasto 
infisso nel ritto verticale poiché si è verificata la naturale 
decoesione della sua sommità con lo strato di prepara-
zione e tela dell’area della testa. Dopo lo smontaggio del 
pezzo è stato sfilato il ferro della campanella e conservati i 
frammenti di legno rimasti sotto di esso. Si è quindi proce-
duto al distacco del braccio orizzontale dal corpo di croce, 
operazione resa possibile anche dalla completa separazione 
di tela e colore lungo le linee di giunzione. Si è trattato di 
un intervento più semplice della precedente operazione, 
perché i perni avevano ceduto in modo più deciso rima-
nendo aderenti solo al braccio (Figg. 6-7). All’interno della 
sede dell’incastro vi era una grande quantità di materiali di 
deposito accumulatisi nel corso del tempo che sono stati 
accuratamente rimossi facendo attenzione a non togliere 
anche i frammenti di materia originale (gesso con colla 
animale e terra di Siena) ancora presenti in stesura e non 
ben aderenti al supporto. La parte del braccio fessurata 
ed erosa in prossimità del ferro della campanella è stata 
risanata; i frammenti conservati sono stati riposizionati e le 
porzioni mancanti sostituite con legno di castagno vecchio 
(Fig. 8). Durante questa operazione ci si è resi conto che 
la ricostruzione del legno non doveva limitarsi, nello spes-

7. Il corpo della Croce dopo lo smontaggio

6. Il braccio della Croce dopo lo smontaggio

8. Ricostruzione della parte del braccio in corrispondenza del foro 
della campanella (visione di scorcio dall’alto). I perni solidali con il 
corpo sono stati isolati durante l’incollaggio
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This allows, on one hand, the reconstruction to 
be more solid and on the other, the entire layered 
structure including the thicknesses of the vertical 
and horizontal of the cross can offer a better and 
more secure brace for the iron hanging hook at the 
moment in which it will be re-installed and take 
on its traditional function of support once again 
(Fig. 10).

On the dismantled panel, some procedures 
were carried out to adjust and reinforce it in a 
limited, localized way. The small piece held with 
nails at the top of the left terminal showed signs of 
the adhesive giving way and it was re-attached; in 
the open gap of the join a thin spacer of chestnut 
was glued with the PVA Bindan P. The deep, 
eroded knot was reconstructed with a series of 

small pieces of aged chestnut glued with Bindan P. 
The end of the lower crossbar that was extremely 
eroded was reconstructed with pieces of old poplar 
(Fig. 11). On the vertical crossbar, the separation 
of an area at the top was consolidated with glue 
(Figs. 12–13). At the bottom, erosion from insects 
reduced the wood around the shaft and under the 
head of the nail; the area was reconstructed with 
small pieces of aged poplar so as to fill the gaps. The 
dismantled elements were subjected to a micro-
vacuuming and wood consolidation. The wood 
of the panel was treated with Regalrez 1126 as a 
consolidant while the poplar of the crossbars was 
treated with Paraloid B72. These products were 
chosen based on the role that they should fulfill—
for the different types of wood and according to 

8. The main body of the cross after dismantling.

9. Reconstruction of the horizontal plank near the hole for the 
hanging hook (a detail from the top). The dowels embedded in 
the body were isolated during the gluing.

10. Reinsertion of the iron hanging hook (campanella) and 
bending of the shafts.
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tests carried out on samples. The wood of the 
crossbars needed to regain strength in order to 
carry out its structural function and therefore they 
underwent a treatment of strong consolidation 
with a material that is usually solid, that is Paraloid 
B72. The panel was treated with Regalrez 1126 
because it only needed a light consolidation on 
the surface which has the function of holding the 
fragile parts of the external wood surface together 

and especially of protecting it from temperature 
and humidity fluctuations. With the aim of 
finding the right relationship between quantity 
of product and depth of absorbance, tests were 
carried out on samples of aged wood having 
similar characteristics to the wood of the Crucifix. 
Afterward, the samples underwent a further test 
of humidification to verify the protective effect of 
the various applications of the consolidant. At the 
end of the tests, the best mixture was determined 
to be the Regalrez 1126 dissolved to 20% in ligroin 
100°/140° and applied in two coats by brush.

Before proceeding to remount the horizontal 
section, the dowels and their corresponding holes 
were completely cleaned so as to avoid blockage 
or obstruction. The horizontal was positioned in 
its original location, finally achieving surface con-
tinuity with the vertical element (Fig. 14). The ad-
hesion of the elements was achieved through the 
wood dowels; in the thin circular spaces around 
them small chips of chestnut wood held with hide 
glue were inserted (Fig. 15). This step allowed for 

11. Reconstruction of an end of the horizontal crossbar with 
small pieces of aged poplar.

12. Separation of an almost entirely detached part of the verti-
cal crossbar. Traces of an original gesso coating can be seen on 
the back.

13. Gluing of the crossbar.

14. Re-attachment of the horizontal part achieved planarity be-
tween the elements of the support.

15. Adhering the dowels with the insertion of small pieces held 
with hide glue in the gaps.
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filling of the narrow spaces around the shaft of the 
wood dowel with an technique that could be re-
versed; in case of necessity, the added wood could 
be removed and the join freed.

The iron hanging hook was reinserted and 
bent into its original position with a secured 
anchorage in the wood such as to allow it to 
reassume its function of supporting the entire 
painting. Then the wood element with the head 
was re-positioned and the dowels secured with 
the same procedure described earlier. On the 

back, the crossbars for the arms were anchored 
to the panel using the original nails; these were 
reinserted into their holes and held with a mixture 
of epoxy resins (Araldite AW106/HV953U and 
Araldite SV427/HV427 in a ratio of 1:1). This 
combination yields a gap-filling material with 
good adhesion and less rigidity with respect to 
only using Araldite AW106/HV953U. The nails of 
the lower crossbars were inserted with the same 
technique. During the work of inserting the nails, 
a lot of care was taken to limit the application 

16. The reverse after treatment.
XLI. Il retro, dopo il restauro

La Croce dipinta dell’abbazia di Rosano

204
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of the resin only to lengths of nail within the 
support itself, using the hole of the crossbar only 
as a passageway.

The reconstructed part of the lower crossbar 
on the left had two nails; in the existing holes in 
the support double-threaded brass bushings were 
inserted that could anchor stainless steel screws 
inserted deep into the wood of the reconstructed 
area; these were then covered externally with the 
old nail heads to grant an aesthetic unity also to 
the support.

With this treatment, the painting acquired a 
sufficient solidity and a good planarity of the sur-
faces. Even the separations and cracks, on which 

it was decided not to intervene, seemed well con-
nected, thanks to the anchorage of the dowels. 
As gaps remained open in these areas and along 
the borders of the join through which deterio-
ration agents like air currents, dirt, and insects 
could have infiltrated, these areas were closed 
with deeply inserted strips of balsa fitted into the 
spaces thanks to their extreme softness (Fig. 16).

Before re-adhering the canvas to the panel, a 
careful review of the perimeter border was carried 
out that included a partial reconstruction of the 
eroded areas. This treatment is described in more 
detail in the contribution of Salvatore Meccio and 
Linda Lucarelli.

1 “La Maestà di Duccio restaurata,” Gli Uffizi. Studi e ricerche 6, Florence 1990.
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Raphael’s Madonna with a Goldfinch:
The construction, deterioration,
and conservation treatment of the wood panel

Ciro Castelli

1. Introduction: preventive measures to protect the 
painting when it entered the laboratory

When the painting arrived in the laboratory, 
monitoring of its environmental conditions was 
begun with sensors placed in the area where it was 
located. To improve the stability of the relative 
humidity, the painting was enclosed in a wooden 
container to protect it from even minor variations 
caused by the daily presence of the personnel (Fig. 
1). The data on the environmental conditions and 
the behavior of the painting itself were checked 
daily to verify the eventual presence of micro-di-
mensional changes taking place in the wood panel 
or the paint layers following the work’s transit from 
the room in the Uffizi where it was exhibited to the 
laboratory. While a similar observation procedure 
is followed for every painted wooden object en-
tering the laboratory, here it was considered even 
more essential due to the particular conditions of 
the panel defined by numerous existing fractures. 
Also during this initial observation period, the 
analysis and documentation was planned, so as to 
reduce to a minimum the risks of moving the work 
to other areas of the laboratory.

The materials applied to the back of the panel 
in the past were also carefully observed, and 
were judged to be still contributing positively to 
stabilizing the wood. For this reason we decided to 
avoid interfering with the layers of waxy substances 
on the back of the panel and on the heads and side 
edges of the boards. However, since their presence 
did not permit a well-defined inspection of the 
wood species and its features, and thus impeded 
their identification and in-depth study, the principal 

means to investigate the support material and its 
condition became X-radiography and CAT-scan 
analysis. However, the size of the painting made 
CAT scanning extremely difficult to perform in 
this preliminary stage; in fact this form of analysis 
became possible only several years later thanks 
to a new method developed by the University of 
Bologna. For these reasons a complete treatment 
plan was not prepared initially, and consequently 
the decisions regarding the support were dependent 
on the results of cleaning the painted surface and 
the analyses that could be done in the meantime.

2. The technique of construction of the panel
The panel measures 107 cm high by 77 cm 

wide, and varies in thickness from 3 to 3.5 cm. It is 
composed of two poplar wood boards placed ver-
tically: one 53 cm wide and the other 24 cm (Figs. 

This text was originally published in Italian as:
Ciro Castelli, “Il supporto ligneo: costruzione, degrado e intervento di restauro,” in Raffaello la rivelazione del colore. Il restauro 
della “Madonna del Cardellino” della Galleria degli Uffizi, edited by M. Ciatti, C. Frosinini, A. Natali, P. Riitano, Florence, Edifir, 
2008, pp. 143–154. Translated by Diane Kunzelman.

1. On arrival, the painting was kept in a protective enclosure while 
it adapted to the environmental conditions of the laboratory.
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2–3). The flat edges of the boards have been butt-
joined without any internal dowels or rectangular 
inserts, and a strip of canvas has been applied over 
the joins, as described in more detail by Patrizia 
Riitano in this same volume.1

Most of the information concerning the tech-
nique of construction and the choice of wood was 
derived from X-radiography. The widespread al-
though not completely uniform presence of gesso 
allowed us to discern the wood’s relatively straight 
grain and rather homogeneous consistency, and to 
observe that it was also free of knots or other defects.

While the material itself was good quality, the 
cut of the boards was less carefully selected; in 
fact, the wider plank shows a sub-tangential cut 
visible centrally in the board head and progres-
sively less towards the edges; the smaller board is 
instead fully tangential.

The wider board has been mounted with the 
inner side (the one facing the center of the tree 
trunk when cut) towards the preparatory layers, as 
was customary, while the other board is reversed; 
therefore their assembly does not follow what 
may be considered a practically constant rule.2 
Two dovetail-shape crossbars sustain the panel on 
the rear and counteract its tendency to warp and 

curve. They are 2.4 cm thick and are inserted into 
the wood for an average depth of 1.2 cm. These 
crossbars are trapezoidal in cross-section and ta-
per from one end to the other, again as usual, and 
have been inserted into their tracks tapering in op-
posite directions. Both crossbars are situated at a 
certain distance from the board heads, the upper 
one, 8.5 cm, and the lower one, 10 cm.3 However, 
differently from other examples of this period, the 
crossbars are entirely trapezoidal in shape and 
therefore fit precisely into their housings without 
having a widened upper part that extends beyond 
and covers the edges of the opening.

3. Damage caused by the collapse of the building
As is known, this panel painting, dating from 

1505–06, suffered severe damage in 1547 in the 
collapse of the house where it was located. As 
may be seen in the X-radiograph (Fig. 4), the 
panel broke into three separate pieces, therefore 
more than just the two boards that composed it 
originally. Other fractures are visible in each of the 
three parts: one in the left hand piece, four in the 
central one, and five on the right. These separa-
tions and fractures follow the vertical direction of 
the grain and fibers of the wood, almost always for 

3. Drawing of the front side of the panel with canvas applied 
over the join.

2. Drawing of the painting from the rear showing the technique 
of construction.

4. The X-radiograph shows the damage incurred in the house 
collapse despite the repair made in 1548.
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practically the full height of the panel and through 
its entire thickness. Other cracks are visible per-
pendicular to the grain, which however have not 
produced further complete separations since they 
proceed in sections from one growth ring to an-
other, which provides some sort of albeit weak 
connection between the parts.4

The wooden fibers in the lower left corner 
must have been so severely fragmented that it was 
necessary to “gouge” out most of the wood and re-
place it with two new wooden pieces to regain the 
original shape. Another piece of new wood was 
inserted from the lower edge into the part cor-
responding to the right foot of the Christ Child. 
Several millimeters of paint loss occurred all along 
the edges of the fractured parts.

4. The sixteenth-century panel reconstruction after 
the building’s collapse

The three broken pieces of the panel had been 
reunited gluing them together side to side with 
carpenter’s glue, without previously rectifying 
the edges of the separated parts (Fig. 5). Nails had 
been inserted obliquely into the upper heads of the 
boards in correspondence to the breaks in order 
to improve the contact between sides so as to al-
low for better adhesion and strength of the joins. 

The repair of the other fractures followed the same 
criteria: glue had been put into the openings and 
pressure was applied on either side to achieve ad-
hesion. This was certainly more difficult where the 
parts were not completely separated because of 
the limited penetration of the glue and the need to 
keep the pieces together long enough for the glue 
to dry (Figs. 6–7, 9–10). The difficulties faced dur-
ing the sixteenth century treatment were shown by 
the discovery during the preliminary examination 
of several gaps inside the joins and the instability 
of many of the fractured parts of the panel.5 Two 
long nails, together with two shorter ones, and five 

5. After cleaning, the damage to the paint layer incurred during 
the sixteenth-century house collapse is evident.

6. The reverse in raking light showing deformations of the panel 
from the 1548 repair of the fractures.

7. First, the panel with the lost original portions separated, and 
second, the reconstructed panel.
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join, carved out of one side of the new piece and 
from the matching area on the rear of the paint-
ing.6 There is a loss in the wood at the center of the 
lower edge, near the reconstructed part, about 1.2 
cm deep, 15 cm wide, and extending 10 cm above 
the crossbar. Such damage must have been the re-
sult of the painting hitting the ground, splintering 
the wood to pieces by combining the effects of the 
height of the fall, the weight of the work, its angle at 
the moment it struck the ground, the point of im-
pact, and the resistance of the crossbar in its seat 

smaller nails had been inserted into the left edge 
of the panel, again for the purpose of keeping the 
break together and reinforcing the join. For the 
rightmost fracture, nails had been inserted from 
the rear of the panel, as it was impossible to do 
so from the side edges of the boards. These rather 
small, short nails had been inserted very obliquely 
to avoid the risk of having them come out through 
the paint surface. Two nails had also been intro-
duced from the front in the upper portion of this 
split, in this case through the paint. The fracture 
had a semicircular shape in this area, and the grain 
had separated horizontally within the thickness of 
the wood (Fig. 8) creating a gap in the paint. The 
sixteenth century restorers evidently found it very 
difficult to keep the painted edges of this break 
level during fixing.

The lower left corner and part of the left side 
of the panel had been reconstructed by adding two 
pieces of poplar wood, oriented with the grain par-
allel to the rest, held with glue and two long nails. 
The part corresponding to the right foot of the 
Christ Child had also been replaced, with a strip of 
of wood 27 cm long by 5 cm wide and as thick as 
the support itself. The flat side edges of this piece 
had been glued to the adjacent wood of the support; 
its upper edge was joined in a 6 cm long half-lap 

8. The holes in the paint after removal of the nails; cleaning of 
the split in the upper right portion of the painting.

9. Detail of the X-radiograph, upper central portion, showing 
the fractures.

10. Detail of the painting corresponding to the preceding 
X-radiograph. 
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the results of repairing the fractures on a specially 
prepared test model using an epoxy resin rather 
than traditional adhesives, a decision was made to 
adopt this material and to limit operations to re-
uniting the fissures without sacrificing any of the 
original wood. The original batten system was also 
maintained, since it was considered an important 
part of the work historically and still functioned 
well to preserve the support and the stability of 
the paint layers. The plan also permitted preserv-
ing the wax on the rear, with the exception of the 
areas on the lower part of the panel that required 
reconstruction.

7. Treatment
The painting was placed vertically, resting on 

one side within a “cage” (Fig. 13) formed from two 
rectangular frames (Fig. 14). The structure was 
equipped with adjustable screws, making it pos-
sible to change the position of the panel as needed 
during treatment and apply varying pressure at 
different heights. Since the frame furnished the 
panel with the necessary support in the direction 
perpendicular to its grain, we were able to remove 
the crossbars safely from their channels. The sys-
tem allowed working safely and with precision on 
the repair of the fractures on the back while keep-
ing the painted side under constant observation. 
The first procedures to align and adhere the breaks 
began with the one farthest to the right, whose up-
per part showed marked curvature and which pen-
etrated obliquely into the thickness of the wood. 
After removal of the nails inserted to strengthen 
the union during the 1548 restoration, the two 
separate sides of the break were cleaned using a 
slim, toothed blade (Fig. 15). Having checked 
that the two sides of the split met and were level 

(Figs. 11–12). The resulting missing portions of 
wood had been filled with a mixture of gesso and 
animal glue. All the separated and reconstructed 
areas had been joined leaving their margins on the 
painted side noticeably out of plane, and with paint 
losses along their margins. The crossbars had been 
put back without any sort of correction to their 
channels, and since they did not adhere well to the 
panel, a nail had been inserted into the upper one to 
hold it to the panel. The very irregular warp of the 
panel may be related to this episode.

5. Condition of the panel before our treatment
The wood of the panel and the crossbars was in 

generally good condition, with only a few old exit 
holes from wood-boring insects and without any 
other biological attack.

The panel had extensive areas of detachment 
around all the fractures and separations where 
there was breakage within the grain of the wood. 
As previously mentioned, ample portions of the 
margins along the breaks remained out of plane on 
the painted side, and the crossbars did not adhere 
well to the tracks in the panel.

6. Planning the treatment for the wood panel
An innovative treatment approach was for-

mulated in the light of the very delicate state of 
the work, in particular the variety of fractures, 
the paint losses along all the edges of these, and 
the layer of beeswax on the rear. Although a good 
norm in wood conservation has been and still is to 
correct, adjust, and strive to perfect the alignment 
of a break using traditional adhesives, in this case 
the extent and nature of the fractures would have 
resulted in substantial and heavily invasive inter-
vention if treated this way. Following evaluation of 

11. X-radiograph showing the lower left corner. The dark area is 
the 1548 reconstruction. 

12. Detail corresponding to the preceding X-radiograph. 
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of wood to deform in reaction to variations of hu-
midity. Of course any adhesive is always attentively 
assessed in relation to the problems posed by the 
specific treatment, and it is also possible to affirm 
that a perfect adhesive for every instance does not 
exist. In the present case the eventual negative ef-
fects of using a resin were held to be practically 
non-existent, and even basically irrelevant. In fact 
the resin would be applied within the thickness of 
the support, in a very thin layer on the surface of 

(Fig.  16), they were glued together with a two-
component epoxy resin inserted into the opening 
(Figs. 17–18). Given the function expected from 
the adhesive, the type chosen had to be viscous 
enough to permit application with a thin palette 
knife, as well as offer the necessary adhesion.7 It is 
useful to say a few words about the choice of the 
epoxy, a material both rigid and stable. The use of 
this adhesive on wood may prove problematic, as 
with all resins, especially because of the tendency 

13. The painting was held in a restraint that allowed the front to 
be monitored while the back was accessible for work.

14. The painting inside the “cage” restraint, held on its side, al-
lowed the paint to be checked while working on the panel. 

15. A fine, toothed blade was used to clean inside the break.

16. After the inside of the breaks were cleaned, the restraint 
system with adjustable pressure allowed the broken edges to be 
aligned and glued.
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positive effects of such intervention were consid-
erable: solid adhesion of the fissures, no removal 
of original wood or alteration of the aesthetic ap-
pearance of the support as it appears to us today.

The other fractures were repaired following the 
same criteria: the breaks were sealed after clean-
ing the internal parts with a thin, toothed blade, in 
many cases also leveling the painted edges. When 
the space inside the fissures reached about half a 
millimeter, small pieces of aged poplar wood wide 
enough to fill the gap were inserted together with 
the resin (Fig. 19). The old portion of wood added 
to reconstruct the right foot of the Christ Child 
was unstable, with the painted surface incorrectly 
connected to the adjacent original. The insert was 
therefore removed (Figs. 20–21) without demol-
ishing any wood; one of the faces of its half-lap 
join was slightly reinforced and the parts coming 
into contact with the original support cleaned. 
The piece was then reinserted in place, keeping 
the painted side level with the original color (Figs. 
22–24).

The gesso fill in the loss of wood in the lower 
part of the support was removed, and then the 
base and sides of this area were smoothed grad-
ually step by step in depth. Small pieces of aged 
poplar wood were used to reinforce the area, in-
serted in layers like a parquet, with their growth 
rings aligned to those of the panel (Figs. 25–28).

Following the removal of the crossbars, the 
slanted sides of their tracks were adjusted, and the 
same was done slightly to the bases and sides of 
the crossbars themselves. A small strip of wood 
was added to the oblique sides of the crosspiec-
es to achieve the best fit between the parts (Figs. 
28–31).

wood in good condition. Therefore whatever fu-
ture tensions might result from the eventual con-
trast between the movements of the wood and the 
resistance to compression of a layer of resin only 
about 2 or 3 tenths of a millimeter thick would 
definitely be unable to produce negative effects on 
filled and inpainted areas. On the other hand, the 

17. Alignment of the margins of the fractures.

18. The fracture was glued with an epoxy resin.

19. Aged wood inserts were used to repair a break, adhered 
with an epoxy resin.

20. The reconstructions of the lower left corner and the foot 
from the treatment of 1548 are evident.
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21. In order to adjust the position of the fragment of the foot, 
it was removed. 

22. The insert with the foot was removed because it was 
detached and had shifted position.

23. The area adjacent to the foot was aligned and re-adhered. 24. The foot insert was repositioned, aligned, and then glued 
in place.
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25. Lower central area of the reverse of the panel showing 1548 
restoration fills made of poplar wood and gilder’s gesso. 

26. With the crossbar removed, the gesso was cleaned out and 
the reconstruction of the area was begun with strips of aged 
poplar. 

27. Reconstruction of the lower part of the panel.

28. Reconstruction of the lower margin with strips of aged 
poplar.

29. The channel of the upper crossbar.

30. The crossbar was inserted back in its channel after being 
adjusted. 
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31. The reverse of the panel, after treatment.
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8. Comparison with the supports of several other 
paintings by Raphael

Various works by Raphael have been brought 
to our Laboratory for study or restoration purposes 
since the early 1980s. As Umberto Baldini informs 
us in Indagini su Raffaello, his contribution to the 
catalog of the exhibition Raffaello a Firenze, eleven 
works were treated at the Opificio delle Pietre Dure 
on that occasion8 and another five paintings had 
been previously restored. These works are all panel 
paintings, with the exception of La Velata on canvas; 
the Portrait of Cardinal Bernardo Dovizi da Bibbiena 
is also a canvas painting, however it was not among 
the works the Opificio studied thoroughly. Numer-
ous paintings have been further investigated during 
the research carried out for the conservation of the 
Madonna of the Goldfinch: the painted surface and 
the supports have been examined in normal and 
raking-light conditions, and through single-film X-
radiography and IR reflectography. The results have 
been combined with those done previously at the 
time of the 1984 exhibition.

Most of the information derived from analy-
sis regards the techniques of construction and the 
choice of wood. The panels are either composed 
of a single board or more than one; this is related 
of course to the dimensions of the work, which in 
turn is connected to the type of image depicted. The 
number of crossbars and their mode of attachment 
also varies according to size: a single one has been 
placed centrally on the panel of the Madonna del 
Granduca; two are found on most of the others, in-
cluding the Madonna del Baldacchino even though 
it is larger. The crosspieces are all trapezoidal in 
cross-section and shaped to fit into dovetail tracks 
carved in the wood, with their width tapering in op-
posite directions. This system is exactly the same as 
that found on the Madonna of the Goldfinch.

The portraits of Agnolo Doni and Maddalena 
Doni have lime wood supports, each consisting of 
a single board about one centimeter thick. They 
retain the original frames which hold the panels 
in a channel extending along their internal perim-
eters. Both sides of the board structures are paint-
ed, using their inner faces for the portraits.9

The panel of the Portrait of a Woman (La Grav-
ida)10 is also made of the same wood species, and 
has a main board with a 3.9 cm wide strip of wood 
added to the side, fixed with four sturdy, quadran-
gular and pyramidal nails. La Muta is structured 
differently: it is composed of two planks, one 33 cm 
wide and the other 15 cm. The first board is sub-
radially cut with its outer face in the direction of 

the ground, therefore different from the other cas-
es cited.11 As on the Madonna del Granduca, the 
rear of the panel has been coated with beeswax. 
These last two paintings are also framed similarly 
to the Doni portraits, so that the frame fulfills both 
a functional and aesthetic purpose. This framing 
method is somewhat similar to that used on several 
portraits by Antonello da Messina, although these 
are constructed with the planks set horizontally. 
Such a system was designed to combine structural 
restraint and a pleasing presentation of the works, 
and is often used on Flemish paintings.

Analysis of the wood species reveals that poplar 
was the main type used, although several smaller 
panels, such as the portraits mentioned above, are 
made with lime wood. The portraits are on relative-
ly thin panels, averaging about 10–12 mm; instead 
the larger paintings generally have thicker panels, 
even more than was usual at the time. The wood 
grain runs vertically on all of Raphael’s Florentine 
works, except for the panel with Ezekiel’s Vision.12 
The wood chosen for the portraits is of very good 
quality: the boards show straight grain and are 
generally cut rather centrally, with few defects that 
could affect the painted surface. In fact, even when 
without a frame, the cut and quality of the wood, 
even more than the species chosen, has contrib-
uted to maintaining the portraits basically flat. The 
choice of lime wood has resulted in a greater con-
traction of the wood grain that we can detect on 
the paint by careful examination. The effect on the 
paint surface is due to an intrinsic characteristic of 
the wood species itself: since lime wood’s density 
is about 20% greater than poplar, the wood is more 
prone to contraction with aging. Despite these un-
desirable tensions, the paint does not seem unsta-
ble, and the craquelure visible on the painted sur-
face can be considered typical of Raphael’s works.

The entire painted surface of the other works by 
Raphael extends out to the edges of the panel, since 
as usual in this period, the frame was constructed 
separately and put on the painting only after both 
were finished. Several paintings showed a very care-
ful choice of wood both for the cut and the lack of 
defects; the relationship between the size of the sup-
port and its thickness was also appropriate. The Ma-
donna del Baldacchino represents this very well: it is 
composed of four poplar wood boards, cut sub-tan-
gentially, with scarce presence of defects and good 
homogeneity. Particular attention has been given to 
the size of the planks, which are large enough to re-
duce negative effects due to the joins. The full width 
has been achieved adding two strips of wood to the 
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sides; also pieces of canvas have been placed over the 
joins and over the few defects present.13 The chan-
nels left by the crosspieces, removed when the entire 
support was thinned down for cradling in 1830, re-
veal that they were placed at the same distance from 
the heads of the boards, thus also supplying control 
in the central area. Each of the three main joins also 
had three double-dovetail insertions.

The wood for the Madonna dell’Impannata 
was less well chosen than that described above. 
The panel is formed of three boards, one of which is 
decidedly poor in quality, having three large knots 
that create a very wavy area of wood grain. The 
other two boards, although without knots, have a 
sub-tangential cut and the grain appears slightly 
curved. This painting also has two dovetail-shaped 
crosspieces in a coniferous wood, specifically fir. 
The rear of the panel has been smoothed down, 
not so much to reduce the thickness but probably 
to remove an oil-based grey paint applied some-
time in the past over the entire support, including 
the crossbars.

The Portrait of Tommaso Inghirami called Fe-
dra Inghirami, is painted on a poplar wood panel 
made of two butt-joined boards, supported by two 
crossbars, which have substituted the originals in 
a past restoration. Unlike in other the other pan-
els where care in the construction avoids negative 
repercussions for the image, here the join between 
the two boards passes through the center of the 
figure’s face. The presence of large knots in the 
wood lowers its quality; one of these has been 
“gouged” out on the front of the board and plugged 
with a piece of wood before applying the ground; 
also the grain and fibers of both boards are some-
what curved. The planks have been arranged fol-
lowing the general rule of using the inner side 
for the preparatory and paint layers. The rear has 
been coated with a primer; although this layer is 
not original, it probably replaces a previous one.

The Madonna della Seggiola is an example 
instead of excellent support construction: made 
with three poplar wood planks, which although 
not very wide are of well-selected wood, are sub-
radial cut and placed vertically; they are also of 
appropriate thickness (2.8 cm) in proportion to 
the painting’s 71 cm full diameter. The boards are 
arranged with their inner faces towards the pre-
paratory layers; the crossbars are of walnut wood. 
The rear of the panel has been carefully smoothed 
after connecting the planks. Although no precise, 
fixed rules appear to exist for placing the boards 
of round panels, as there are for rectangular ones, 

we believe that in this case the choice of arranging 
them vertically is intentional.

The Madonna del Granduca is an exception 
because its support consists of a single wide, dia-
metrically cut board, 55.9 x 84.4 cm and about 3 
cm thick. The material used is of very high qual-
ity, a factor that may have determined the unusual 
decision to use only a single crosspiece placed cen-
trally. The woodworker perhaps judged that given 
the excellent quality of wood, the crossbar would 
have to function only as a structural reinforcement 
without needing to control warp.

The presence of a strip of canvas along the 
joins of the Madonna del Cardellino, identified by 
Patrizia Riitano, should be recalled since it rep-
resents a provision taken to increase the stability 
of the paint layers. Such care has also been taken 
on the Madonna del Baldacchino, where canvas is 
present along all the joins as well as in small pieces 
that cover several knots and irregularities in the 
wood. The habit of applying strips of canvas on 
the joints and defects in the wood is one of the 
changes taking place from the more careful me-
dieval construction of supports and preparatory 
layers, to the simpler and less complicated tech-
niques that emerged during the fifteenth century.

The Marriage of the Virgin panel leads us to make 
another comment on Raphael’s techniques of panel 
construction. The altarpiece was made in 1504, com-
missioned by the Albizzini family for the Saint Jo-
seph chapel in the Church of San Francesco at Città 
di Castello. Examination of the painting and its X-
radiograph revealed that the panel is poplar wood, 
and is 174 x 120 cm and 4.5 cm thick. The structure 
is composed of seven butt-joined boards, placed 
horizontally. The three crosspieces now on the rear 
are not original, having been mounted during inter-
vention by Molteni in 1857; the restorer tells us in 
his report dated 1858 that the battens were originally 
two, and since they had been thinned down until 
level with the panel in a previous restoration, they 
had lost their effectiveness. Therefore another cross-
bar was added, following a lengthy process aimed at 
flattening the wood. Any further features of the panel 
useful for comparison with other works by Raphael 
are concealed by the grey oil paint covering the entire 
wood surface. Another detail that distinguishes this 
work is the unpainted border 3.5 cm wide, uniformly 
covered with a black color, which is now being inves-
tigated by the restorers of the Pinacoteca di Brera. Of 
course this area painted black was not visible since 
it would have been covered by the frame edge. As 
was customary in the territory around Urbino and 
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along the Adriatic coast, the planks were often ar-
ranged horizontally; the Bufi Altarpiece by Giovanni 
Santi, Raphael’s father, is made this way, as is the Sa-
cred Conversation by Piero della Francesca. Wooden 
bridges connect the crosspieces to the Bufi panel, a 
technique found in the mid-fifteenth century in and 
around Siena and then in Florence. Molteni’s report 
also informs us that the Marriage of the Virgin had 
dovetail-shaped crosspieces, a technique which re-
placed the former methods of application used by 
painters such as Piero della Francesca and others 
working in Urbino in the second half of the fifteenth 
century. The presence of an unpainted portion 
around the perimeter of the painted surface makes us 
think that the original frame was not mounted at the 
same time as the making of the board structure, but 
was rather an autonomous, free-standing construc-
tion designed to enclose the painting afterwards. 
Considering the influence of Piero della Francesca 
in this area, we might think that there was a frame 
united to the painted edge similar to those found on 
his Brera Altarpiece, on the Flagellation and on the 
Ideal City from the Galleria Nazionale delle Marche 
in Urbino. However this seems unlikely given the 
lack of nail holes in the panel, and of even the slight-
est upward curvature of the ground at the edge of the 
painted area.

In conclusion, we may say that all of wood pan-
els of the Raphael paintings examined have a similar 

crossbar system. Instead the quality of the wood cho-
sen is not always uniform, as certain works reveal the 
use of excellent materials while others show scarcer 
attention to this. Another feature noted on all of the 
works (except for the Marriage of the Virgin where 
such information is lacking) is the particular dovetail 
shape of the crosspieces. This is important to men-
tion since the crossbars on the works examined dat-
ing from this period are prevalently dovetail shaped, 
however with the upper portion above the housing 
widened by adding a rectangular section that covers 
the edges of the track. The main wood species used 
was poplar, except for the three portraits cited.

The criteria for support construction seem 
derived more from the traditions in the territory 
the works came from, rather than depending on 
the painters’ personal choices. In fact, the support 
boards in panel paintings from the area of Urbino 
tend to be arranged horizontally, while around Flor-
ence they are more often vertical. Strips of canvas 
on the joins are present in some but not the major-
ity of cases, even where their inclusion would have 
been opportune: for example in the Fedra Inghirami 
panel in which the join between the boards passes 
precisely through the center of the sitter’s face with 
the obvious risk of it becoming visible in such an 
important part of the portrait. This leads us to think 
that the preparation of the panel for painting might 
not have been the work of Raphael himself, but per-
haps assigned to collaborators or specialists.

1 Putting canvas on the joints is a practice 
seen on other sixteenth-century paintings by 
Raphael, and will be treated in the section 
comparing this work with others by the artist.
2 Another Raphael work with support 
boards assembled this way is the Madonna 
and Child with the Young St. John (Diotallevi 
Madonna), from the Bode Museum in Berlin. 
Its poplar wood support measures 69 x 52.5 
cm and is 2 cm thick, made with two boards 
positioned with the side to prepare reversed, 
one 30.2 cm wide and the other 22 cm (P. 
Klein-J. Bauch, “Analyses of Wood from Ital-
ian Paintings with Special Reference to Ra-
phael,” in The Princeton Raphael Symposium, 
J. Shearman-M. B. Hall eds., Princeton, 1990, 
pp. 88–89).
3 The upper crossbar tapers from right to 
left, from a maximum width of 7.5 cm to 5 cm; 
the lower one left to right from 6 cm to 4.5 cm.
4 Wood tends typically to fracture along 
the line of the grain; instead this type of fissur-
ing is closely linked to the growth rings whose 

consistency differs according to seasonal 
changes during the yearly growth of the tree: 
these differences in density and compactness 
cause reactions to stress that can produce 
lines of fracture or separations.
5 Most of the joins had an empty space of 
about one millimeter between the sides.
6 This method of uniting the wooden 
piece with the painted part was certainly 
planned, considering the effort needed 
to execute it. This leads us to suppose 
that while the paint and part of the wood 
beneath it were irrecoverable, a certain 
amount of the innermost portion of wood 
was still in good condition.
7 The epoxy resin chosen was Araldite AV 
1253, Hardener HV 1253, Epoxy Paste Adhe-
sive.
8 Raffaello a Firenze. Dipinti e disegni delle 
collezioni fiorentine, I restauri, U. Baldini, ed. 
Florence, 1984, pp. 239–268.
9 See the entry by R. Nardi Berti, in Raf-
faello…cit., pp. 252, 254. The two supports for 

the Doni portraits have been cut sub-radially 
from the same board, one after the other.
10 The main board of the support of the so-
called “Gravida” has a sub-radial cut, and a 
smaller strip of wood added to the side.
11 Macroscopic inspection of what little is 
visible at the edges of the frame indicates that 
the wood is poplar, deduced also on the basis of 
the porosity of the board heads. Microscopic 
analysis was not carried out because of the lay-
er of beeswax on the rear, therefore these de-
ductions cannot be confirmed with certainty.
12 The boards of the Brera altarpiece of the 
Marriage of the Virgin are arranged horizontally.
13 As described in Raffaello a Pitti, “La Ma-
donna del Baldacchino”: Storia e restauro, 
Florence, 1991, the painting has been pre-
pared very carefully, with strips of canvas at-
tached not only over the main joins but also 
along the strips of wood added to the sides. 
Another feature to note is that none of the 
painted figures coincide with the joins be-
tween the planks.



Fra Angelico, San Marco Altarpiece, c. 1440, San Marco Museum, Florence.
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Technical innovation in the construction
of Fra Angelico’s San Marco Altarpiece

Ciro Castelli, Mauro Parri, and Andrea Santacesaria

Construction technique
The San Marco Altarpiece represents a clear ex-
ample of a structure that would have required a 
precise and detailed construction plan. This would 
have involved both general features and more spe-
cific ones and the impression created is that the 
numerous innovations found in the examination 
of the support served specific requirements and 
were not the result of casual choices or adapta-
tions of older techniques.

First of all, there is the shape. The square altar-
piece or pala was inserted into a classical architec-
tural framework made of wood assembled from in-
dependent components. The painted panel would 
have rested on a predella and have been flanked by 
pilasters and topped by an architrave. This makes 
for an entire structure that is practically self-sup-
porting where the predella carries the weight of the 
panel. The pilasters fit into the predella at the bot-
tom and at the top they bear the weight of the upper 
element. In similar examples, the panel has longer 
crossbars than its own width and the projecting 
parts of these attach to pilasters.

Even the very first findings indicate that this is 
an innovative structure for the period and for this 
artist who up to this point had his supports built 
with typically medieval techniques. It is notable that 
in this altarpiece the support of the main panel has 
a ground layer covering the entire surface and the 
frame is not attached to the perimeter of the panel 
but was meant to be an independent structure de-
signed to hold the painting inside of it. Furthermore, 
the crossbars are attached with a system never seen 
before. Though in some ways this is still essentially a 

system of spot-attachments for the crossbars along 
the margins of the individual planks, it is perfectly 
evident that this allows for relatively independent 
linear movements of the panel under the restraint 
of the crossbar. Furthermore, the location of the 
anchor points along the margins of the planks also 
permits movements from warping. As we will see 
in more detail, the technical changes in the object 
are also found in the preparation layers. Comparing 
the San Marco Altarpiece to the Linaioli Taberna-
cle, made a decade earlier, reveals a rather profound 
change in approach and above all in technique with 
respect to the short period of time that passed be-
tween the two paintings. We don’t know if this al-
tarpiece was actually the first panel made with these 
innovations, but from this point on, we find a dis-
tinct development of this structural technique.

Below we will describe separately the panel, 
the predella, and the pilasters, according to fea-
tures analyzed in our Laboratory.

The Panel
The wood support is made of a poplar panel 

reinforced on the back by three sturdy fir wood 
crossbars. It is 233.5 cm wide and 227 cm high 
with a thickness of about 3.8 cm. In cross-section, 
the crossbars are 9 cm high and 12 cm deep, and 
are located at the center, 21.5 cm from the bottom 
edge, and 24.5 cm from the top (Figs. 1–2).

The panel is made of seven poplar planks of 
varying widths: the central one appears widest at 
42 cm. Looking at the back, it is joined to three on 
the right of 33.7, 34, and 30.5 cm and three on the 
left of 35.6, 26.7, and 31 cm.

This text was originally published in Italian as:
Ciro Castelli, Mauro Parri, and Andrea Santacesaria, “L’innovazione tecnica nella costruzione del support ligneo.” In L’Angelico 
ritrovato: Studi e ricerche per la Pala di San Marco, edited by Cristina Acidini and Magnolia Scudieri, pp. 71–78. Sillabe, 2008. 
Translated by Helen Spande.
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The panel has a quite homogeneous texture and 
there is only one knot on the second plank from 
the right. Almost all the planks derive from non-
central, rather intermediate cuts with clear tangen-
tial areas at the center (the so-called flame figure). 
The second panel on the left is distinct from these 
though in that it has a very close and regular growth 
ring pattern, typical of a central cut.

The planks were arranged to be glued together 
with butt-joins with their internal sides facing the 
preparatory layers. Before proceeding with the 
assembly, the locations of the anchorage mecha-
nisms for the crossbars were prepared along each 
join. Circular channels were made with a diameter 
of 8 mm into the join-edges of all the panels while 
on the back, rectangular notches were carved out 
that correspond to these channels, measuring 
about 7 mm wide and 4 cm high with a depth of 
more than 2.5 cm. All the channels and notches 
were made at the same heights, at the same dis-
tances from the upper and lower edges, and are 
perfectly aligned. Cylindrical metal pins (spinotti) 
about 12 cm long and 8 mm in diameter were in-
serted into the channels. Upon assembly, the per-
fectly aligned notches on the adjacent edges of the 
planks matched up and the sum of their widths 
created a cavity of about 1.5 cm. On the most 
outer planks, the crossbar anchorage was made by 
cutting an 8 mm hole as usual though less deep 
(about 8.5 cm), and again over this, a full 1.5 cm 
wide by 4 cm high notch was cut at 2.2 cm from the 

edge. As we can see, the attachment points for this 
particular crossbar system were made before the 
panel was assembled. After this, the panels were 
put together and firmly glued with casein. The 
back of the panel was finished by planing it down, 
the last steps of this were horizontal passes with 
a smoothing plane (pialletto); on some planks, at 
the center where the cut of the trunk yielded a less 
thick plank, the surface was smoothed locally with 
a small adze (ascia). The back of the panel is there-
fore quite clean and elegant looking, despite the 
use of two distinct types of tools (Figs. 3–4).

Behind each crossbar, three horizontal lines 
were scored with a metal point; one corresponding 
to the center of the notch and therefore of the 
metal pin and the other two aligning with the 
upper and lower edges of the notches, probably 
to allow for adjusting their shapes after assembly. 
The pins, inserted midway through the edges 
of the panels, were quite visible in the center of 
each notch in which they were housed without 
touching the surrounding wood. Three crossbars 
with a rectangular cross-section and prepared 
slots measuring 2.5 cm wide and 1.5 cm high were 
applied to the panel so as to match up with the 
notches. These slots were protected and reinforced 
on the outer surface with metal plates about 7 cm 
wide, 6 cm high, and 1 mm thick, with an analogous 
eyehole to that found in the crossbar, of 2.5 cm wide 
and 1.5 cm high; the plates were attached to the 
crossbar at the level of the outside surface and each 
held with four nails. (Figs. 5–9). The element that 
carries out the real work of anchoring the crossbars 
to the panel is a square, metal, harpoon-like shaft 
with a curled end that hooks around the metal pin; 
the external shaft passes through the slot of the 
crossbar; in the last section, the harpoon shaft exits 
the crossbar and a metal key or wedge fits through 
a slot in the shaft, securing the crossbar and 
allowing for the gradual tightening of its contact 

1. Diagram of the assembly of the panel.

2. Diagram of the attachment of the crossbars.
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with the panel. The metal plate applied where the 
hook and wedge are evidently serves to protect the 
wood of the crossbar from the friction of the metal 
and to make the anchorage mechanism more solid 

and stable. The panel was then planed on the front 
side with the pialletto passed horizontally in the 
final finishing step, as is quite visible in the X-ray. 
The carpenter did this probably with the intent 

3. The back of the panel in normal light. 4. Raking light shows the woodworking marks of plane and adze.

5. Detail of the lower crossbar and its attachment. The metal 
wedge ensures the crossbar is held against the support.

6. Temporary dismantling of the crossbar. Detail of the harpoon 
inserted in the notch in the support.

7. Detail without the harpoon.

8. Detail of the harpoon and pin in the notch.
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of roughening the fibers of the wood grain and 
consequently increasing porosity and providing a 
better grip for the subsequent layers of ground and 
paint.

The San Marco Altarpiece therefore demon-
strates interesting innovations in the construction 
of the wood support and becomes a meaningful 
example within the category of early Renaissance 
structures.1 The transition from the medieval era 
to the Renaissance affects the entire Quattrocento 
in a radical way, including the introduction of new 
panel painting formats. This transformation also 
includes the creation of these new “square” panels, 
making for evident and important changes to the 
specifics of working and using wood.

In sum, the elements that stand out in this 
period, besides the new shape of the paintings, 
the changing patronage, and the proliferating 
production,2 are the use of poplar planks that are 
no longer primarily central cuts, nor of consistent 
thickness; the reduction in the use of the canvas 
under the preparation layers (incamottatura); and 
the progressive separation of the architectural 
elements from the panel. Numerous studies on the 
subject indicate the time period of the construction 
of the San Marco Altarpiece as a turning point in 

the transition between medieval techniques and 
the multifaceted and experimental Renaissance 
style. Examining these “new” fifteenth-century 
panels provides further evidence of the high quality 
of craftsmen employed in the construction of 
wood supports. The necessity of fabricating square 
panels with wood planks that were more subject to 
deformation (with respect to the central cuts of the 
Middle Ages that were more consistent and stable), 
imposed new working methods that reveal an 
excellent understanding of wood and its properties. 
The woodworking artisan proved himself to be 
capable and flexible, and above all, ready to build 
wood panels destined to last over time.

There is a fundamental relationship between 
the panel and the crossbar system that decisively 
determines the preservation and the lifespan of an 
artwork. In the Middle Ages, metal nails firmly an-
chored the crossbar on panel paintings; they were 
driven into holes passing through these panels and 
then bent back and pounded back in. The nail pro-
vides a tightening force between the panel and the 
crossbar which is held between the head and the 
bent nail point, without creating diverging stresses 
on the wood grain and therefore without instilling 
an initial strain in the plank. In fact, the hole pre-
pared to hold the nail, even though not large, per-
mitted the passage of the shaft of the nail so that 
the wood grain was not disturbed. For structural 
success, and also to reduce risks connected to the 
introduction of excessive strain and consequent 
join separation or splitting, the quality of the wood 
was important; the planks were primarily radial cut 
and therefore less subject to transverse contraction. 
Furthermore, the considerable thickness of the pan-
els guaranteed a significant inertia to counter fluc-
tuations in the humidity of the environment.

The San Marco Altarpiece presents us with a 
structure made of excellent wood in terms of the 
quality and thickness of the planks (as we have 
seen, the grain is regular, the texture homoge-
neous, and the thickness is 3.8 cm—good in rela-
tion to the surface area of the painting.) The cut 
of all the planks, except one, however tends to be 
external and intermediate, thus more subject to 
curvature and contraction in the transverse sense. 
Quite likely anchoring the crossbars with tra-
ditional nails would invite a risk of cracking and 
separating joins in the panel; in fact, the planks, 
having a tendency to contract and warp, would 
have caused the nails to jam inside the channels 
and, after having allowed some initial movement, 
would have strained the entire structure.

9. Diagram of the anchorage system. The harpoon hooks onto 
the iron pin and extends out through the crossbar. The iron 
wedge fits through a slot in the harpoon and locks the crossbar 
to the panel.
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Currently, the triptych from the museum in 
Asciano by Ambrogio Lorenzetti depicting St. 
Michael Archangel killing the dragon with Saints 
Benedict and Bartholomew is in our laboratory. 
Though it is a much older painting, the main panel 
is made of a large sub-tangential plank to which 
have been added two planks with three dowels on 
each side, plus two further strips. The two cross-
bars are attached with nails, in keeping with the 
tradition of the period. Currently, you can discern 
a decisive transverse shrinkage of the main plank 
and a separation of the side planks, quantifiable to 
a total distance of 8 to 12 mm.

Aware of this possibility, the workshop under-
taking the construction of the San Marco Altar-
piece developed an attachment for the crossbars 
that was more flexible than traditional nails. The 
mechanism appears well-suited to its function, 
thanks undoubtedly to the ability of the har-
poons to shift and especially to the slot carved in 
the crossbar—these allow the iron parts to slide 
sideways internally, effectively reducing the risk 
of cracking. In any case, this is an innovation and 
shows an advanced thought-process in which 
transverse constraint is exercised but there is also 
a certain freedom given to the central parts of each 
plank for warping movements.

This system can be considered a valid proto-
type and beginning at this time many panels were 
given an identical or quite similar system, or in 
any case, addressed the same preservation prob-
lems for the support. For example, the Altarpiece 
of Bosco ai Frati and the Annalena Altarpiece 
have an entirely identical system, though incom-
plete, perhaps carried out by the same workshop; 
there is a parallel but slightly differently made 
mechanism in the Annunciation of Montecarlo. 
The Altarpiece of the Noviziato of Santa Croce by 
Filippo Lippi is such a close match to ours except 
for lacking the detail of the metal plates protect-
ing the crossbars from the tightening force of the 
metal wedge.

During the Quattrocento, new systems for 
anchoring crossbars are created that anticipate 
the adoption of flexible metal mechanisms or 
semi-sliding ones, like those cited, or other ex-
perimental forms like the system present on the 
paintings in Pienza of Sano di Pietro or Vecchi-
etta where trapezoidal channels are made in the 
surface of the support for fully-sliding crossbars. 
Again in Pienza, and in any case from the Sienese 
territory of the mid-Quattrocento, a system us-
ing little bridges (ponticelli) takes the stage. Thus, 

the crossbars slide freely held by wooden bridges, 
or alternatively, primarily around Florence, iron 
bridges, attached to the support with nails.3

The Predella
The two paintings examined depict the Burial 

of Saints Cosmas and Damian and the Dream of 
the Deacon Justinian. Both are made with hori-
zontal poplar planks and retain their original 
thickness.

The panel of the Burial is 45.6 cm wide with 
a variable height of 38.5 cm on the left and 38.1 
on the right (as seen from the back), and a thick-
ness of 3.5 cm. It is made of two planks, the lower 
one varies from 30.4 to 30.1 cm high and the other 
is has parallel edges and is 8 cm high. These were 
painted on the side which would have faced the 
center of the tree trunk. In raking light, the fine fin-
ish of the back made with very close strokes of an 
adze can be seen. On the back, a metal point was 
used to score a vertical line 4.8 cm from the left 
side. Between this line and the edge of the panel, at 
the top, there is a remnant of a nail inserted from 
the front, having a T-shaped head, not a rounded 
head, but rather formed from two wings typical of 
Quattrocento polyptych construction.4 The choice 
of this kind of nail could be due to having to insert 
the head completely in the wood without causing 
breakage of the fibers especially near the end of 
the plank (Figs. 10–11).

The panel of the Dream of the Deacon Justin-
ian is 46.5 cm wide, 37.7 cm high, and 3.5 cm thick. 
It is made of three pieces: at the bottom, the main 
plank has a width that varies from 29.9 cm on the 
right to 31.7 cm on the left (as seen from the back); 

10. The back of the panel of the Burial in raking light. The 
woodworking marks of the adze can be seen. On the left edge 
there is a remnant of a vertical element.
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the middle piece measures 6 cm and 4.2 cm respec-
tively; and the upper has parallel long edges and 
measures 1.8 cm. Unlike the previous panel, the 
painted side is the one that would have been fac-
ing the outside of the tree. Examining the panel in 
raking light reveals a finishing of the back carried 
out with a smoothing plane or fore plane (pialletto 
or sbozzino) that is nearly flat perpendicular to the 
grain in a similar way to that found on the front and 
back of the main panel of the altarpiece. At the top 
along the right and left edges of the panel there are 
heads and parts of the shafts of two nails like those 
found on the other panel. Near the left side, the res-
idue of a wood piece—it seems that the grain is that 
of a conifer from the few remaining traces—glued 
vertically and then detached, seems to relate to the 
left nail though it is not entirely clear (Figs. 12–13).

By direct examination of the panels, of the 
paint surfaces, and by reading previous studies,5 
it can be inferred that the predella could have had 
a front side with single scenes that were separated 
by painted framing (probably columns) and not at-
tached vertical elements. Therefore it is plausible 
that the front panel was a completely painted flat 
surface and that the two painted panels on the 
sides were simply attached at a ninety-degree an-
gle. The analysis and examination of the predella 
panels from the Museo di San Marco confirmed 
the observations of Umberto Baldini: the two 
planks of the Burial and the three of the Dream 
make for an incompatibility if proposing the two 
scenes were part of the same frontal. Besides 

this, there is also the different arrangement of the 
growth rings of the main plank. Furthermore, oth-
er important details like the location of the nails, 
the scored marks, and the traces of the vertical ele-
ments can contribute to enrich our understanding 
of the structure, putting the panels with the ele-
ments that strengthened the predella into context 
and that, after the separation of the scenes, were 
lost. From their regular placement, these divid-
ing elements or “section-breakers” may have been 
part of the original wood structure. For example, 
the nails are only present at the top, but it is likely 
that there were other matching ones at the bot-
tom; therefore there may have been an unpainted 

11. The panel of the Burial seen from the side. The visible warping is the result of a past treatment and the arrangement of the tree 
rings shows that the paint surface, facing up here, was oriented toward the inside of the tree.

13. The panel of the Dream of the Deacon Justinian seen from the side. The tree rings indicate that the paint surface, facing up here, 
was oriented toward the outside of the tree.

12. The back of the panel of the Dream of the Deacon Justinian 
in raking light. The planing with a pialletto can be seen and on 
the left border there is a trace of a former glued vertical element.
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part of the panel that extended toward the bottom. 
A more detailed, comparative study would include 
scientific analysis of all the existing panels and 
the use of focused and complementary diagnostic 
techniques without which these findings can only 
be tentative.

The Pilasters
There is no definite information about the 

structure and the appearance of the elements that 
would have closed the sides of the panel painting. 
These were most likely pilasters or columns that 
would have connected to the other parts of the 
Renaissance pala. These would have rested on the 
predella and held up the architrave; thus carrying 
out not only an aesthetic function, but a structural 
one as well. The structure of the pilasters or col-
umns would have differed depending on the cir-
cumstances; for example, in some cases, solid wood 
may have been used when the total thickness of the 
element was just a few centimeters; or, in the case 
of structures with a greater thickness, box-like col-
umns could be made of three vertical planks, one 
face (on which were painted the scenes), and two 
sides, strengthened internally by horizontal ele-
ments that provided an armature.

The reconstruction that is proposed here is based 
on some clues found on the small panels depicting 
the beatified Dominicans (Beati Domenicani). Each 
of these has, on one of the two sides at the edge of the 
painted part, the telltale raised lip of ground which 
connected the plane of the panel with the stepped 
part of the frame, defining a definite limit of the 
painted surface and furthermore, suggesting that 
part of the panel remained plain wood and bore an 
engaged frame. The remaining three sides were, con-
versely, perfectly trimmed, therefore any trace of this 
lip or burr was lost and we don’t know how much is 
missing except for estimating the distance between 
the figure and edge. On the back of the panels there 
are marks from the old nail holes in which the nail 
heads were sunk under the preparatory layers.

These observations are further enhanced by 
the information regarding the thickness of the 
other elements of the pala; the main support 
reached a thickness of almost 20 cm (if we add the 
3.8 cm of the panel to the 12 cm of the crossbar 
with the harpoon shaft); furthermore, the pre-
della has a painted side of almost 50 cm (with the 
scene of the Dream measuring 46.5 cm and cer-
tainly also missing part of its borders). All of this 
suggests that the columns would have been made 
with a box-construction.

The two small panels, probably belonging to 
the painted scenes on the lateral pilasters, show 
two full-length blessed Dominicans, each com-
position on a single poplar plank with a vertical 
grain. From examining the end grain of the wood, 
it is possible to see that both planks are sub-radial 
from quarter-sawn lumber.

The panel called the Blessed Dominican mea-
sures 12.9 cm at the bottom and is 13.1 cm wide, 
while its height is 39.1 cm with a thickness that 
varies from 8 to 9 mm. The panel has two nail 
holes, placed diagonally in the upper half.

The panel of Saint Vincent Ferrer measures 12.9 
cm wide and 39.2 cm high with a thickness of 8 to 
9 mm. The panel has a hole along the lower margin.

At the time, the reason for the two panels hav-
ing been cut down to their current dimensions was 
not known and it did not seem likely that the ex-
planation was connected to them having been in-
serted in the frame that came with the altarpiece 
to our laboratory. The weight-bearing columns of 
the pala, placed vertically, had been taken apart and 
the paintings cut down and thinned. The thinning, 
quite evident from the extensive insect tunneling 
exposed on the back, was done with a scrub plane 
(sgrossino).

The same limitations for the considerations 
made for the predella panels apply in this case as 
well. Furthermore, on these two panels, given the 
significant loss of material, the features that can pro-
vide plausible explanations are few. However, good 
starting points are the footprint of the frame, the 
width of the panels, the specific cut of the planks, 
and some of the nail holes. The scenes should be 
considered in relation to the original dimensions of 
the columns and with the width of the end panels 
on the front of the predella. In addition, the kind 
of cut excludes that our two Dominicans could be 
obtained in a vertical continuum from the same 
plank. Another element to consider is the presence 
and the position of the nail holes which, in relation 
to the other paintings from the same San Marco 
Altarpiece can provide some indication of the ele-
ments that made up the original structure.

Condition and Treatment
The two small painted panels were each inserted 

and glued with hide glue into frames that enclosed 
them on the back and covered their perimeters. This 
solution, not very sophisticated in its execution, used 
a fir panel and a frame. The panel, oriented with the 
wood grain vertically, was deliberately carved out 
to receive the full thickness of the supports while 
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along the perimeter, the carved frame, applied as the 
front of the container, enclosed the paintings along 
the edges. The frame-box can be seen to be visibly 
warped and so the painted panels seem to be have 
a greater degree of deformation. Even though it is 
not possible to fully see the paintings in that they are 
closed within the containing structure, it is perfectly 
understandable that this effect is due to the com-
pression of the box along the sides of the paintings. 
The reasons for these extremely poor preservation 
circumstances are certainly due to the transverse re-
striction of the wood of the frame-box and therefore 
it was decided to extract the paintings from this kind 
of framing (Figs. 14–15).

It was then possible to see that the two pan-
els were of poplar wood with a vertical grain and 
extensively altered in dimensions and thickness, 
as described earlier. The wood, though having 
suffered an extensive wood-boring beetle attack, 
was still in good enough condition to support the 
ground and paint layers.

The quality of the wood, or what can been de-
termined from the reduced dimensions, is good. 
On the side edges of both the paintings, strips of fir 
wood had been attached on which rest the frame 
and that allow for the entire painted surface to be 
visible. The ends of both panels had been planed 

smooth to the point of clearly showing the thick-
ness of the gesso of the ground; the back surface 
is slightly undulating due to the thickness having 
been reduced repeatedly with a scrub plane along 
the whole panel. Because of this, the panels have a 
mechanical fragility that could result in fractures 
along the grain of the wood from careless handling.

A further consideration is that the limited thick-
ness of the wood, the open insect channels, and the 
tear-out of the grain considerably add to the expo-
sure of the paintings to environmental fluctuations.

All of these factors brought us to plan and 
carry out a treatment that would act as structural 
reinforcement, restraint on the warping deforma-
tions, and general protection from the display en-
vironment. At the same time the plan foresaw the 
maximum respect for original materials and the 
elimination of improper stresses on the panel, re-
ducing to a minium the restraint and maintenance 
needed (Figs. 16–17).

For each panel, therefore, a small perimeter 
framework of chestnut wood was created for the 
back with a single crossbar in the center, shaped 
to fit the support and attached with seven springs. 
These springs were anchored into small chestnut 
blocks measuring 0.9 x 0.9 x 0.3 cm, glued on the 
back with a mixture of adhesive in a 1:1 ratio of 
Araldite AW 106/HV 953U (1:0.8) and Araldite SV 
427/HV 427 (1:1). The back of the framework was 
closed with a 4 mm chestnut panel to protect the 
support and improve the environmental stability.

14. The dismantling of the frame enclosing the panel of the 
Blessed Dominican.

15. The panel freed from the frame.

1 Panel painting: Technique and Conserva-
tion of Wood Supports. Edited by M. Ciatti, C. 
Castelli, A. Santacesaria, Florence 1999.
2 Neri Di Bicci, Le Ricordanze, edited by 
B. Santi, Pisa 1976. C. Castelli, M. Ciatti, M. 
Parri, A. Santacesaria, “Considerazione e 
novità sulla costruzione dei supporti lignei 

nel Quattrocento,” O.P.D. Restauro 9, 1997, pp. 
162–74.
3 In the Cinquecento, this system of restraint 
on the panel was then used alongside the more 
widely found type employing sliding crossbars 
inserted in channels in the panel that were ta-
pered so as to be trapezoidal in cross-section.

4 The same type of nail has been seen in 
some fragments belonging to the Sassetta 
polyptych of Sansepolcro.
5 Cornelia Syre, Fra Angelico: Die Munch-
ner Tafeln und der Hochaltar von San Marco 
in Florenz, Munich, 1996. Umberto Baldini in 
Commentarii, 1956, pp. 78–85.
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16. The back of the Blessed Vincent Ferrer. A nail hole appears 
at the bottom.

17. The back of the Blessed Dominican after treatment. A 
framework on the back is anchored with adjustable springs. 
The back of the panel is closed with a chestnut panel. In the 
upper part, two diagonally-placed nail holes can be seen.



Andrea Mantegna, San Zeno Altarpiece, 1457–59, Basilica of San Zeno, Verona. 
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A simple description of the construction technique 
of such a complex artwork as our altarpiece can 
hardly do justice to all the details encountered dur-
ing the study to which it was subjected. An exami-
nation of the construction of the single components 
is further enriched by finding a series of quite spe-
cific clues that reveal aspects of the overall project 
and shed light on the operations carried out at the 
time by the workshop that did the carpentry. In 
fact, studying the kind of crossbar system and the 
choice and treatment of the wood confirms what 
we know of the skills and various working methods 
of the woodworker’s bottega, and shows what their 
level of expertise was. Moreover, it appears evident 
that the whole project followed a plan that was de-
fined from the outset. After making the individual 
components, these were assembled in order to 
check and adjust small but important final details.

We can easily imagine a large space inside a 
workshop in which the whole altarpiece, gessoed 
but not yet painted, would have been put together, 
evaluated, and perhaps adjusted. Once the spatial 
arrangement of the entire assembly was verified, 
the pictorial areas within each panel could have 
been defined. This was done by incising the out-
lines of the columns and thus the divisions of the 
painting with a metal point on the gesso. Clearly, 
this step prior to painting, highlights a significant 
aspect in the practices of an important workshop 
in terms of space and labor.

Construction technique
Information about the original construction 

of the individual panels, that is, their dimensions, 

composition, the thickness of the planks, and the 
crossbar system, has been determined by pursuing 
different pathways and comparing the evidence. 
First of all, this means examining the panels, or at 
least the parts that have survived. Additionally, the 
reports written in 1915 by Antonio Avena and by 
Mauro Pellicioli after the treatment in 1934 were 
evaluated. Furthermore, recently we have had the 
chance to see photographs taken in 1915 by Attilio 
Motta which provided a lot of information about 
the supports of the Saint Peter panel and the cen-
tral panel with the Madonna and Child.1

The San Zeno altarpiece is composed of three 
panels that depict three different parts of the Sacra 
Conversazione. This arrangement demands quite a 
precise working method. A large polyptych, a dos-
sal, or a pala each illustrate a different structural 
approach depending on the period and geographic 
area in which the altarpiece was made. Large sur-
faces such as those of our altarpiece (approximately 
4.50 x 4.50 m) in other contexts would not have 
been planned to have inserted panels, but would 
have been made of side-by-side panels connected 
with continuous battens inside an assembly resting 
on a large predella and held up on the sides by pilas-
ters. Many examples with these structural features 
are found in Tuscan painting. In other cases, for 
example in the Valle Romita Polyptych by Gentile 
da Fabriano, a load-bearing architectural structure 
encompasses the whole space and is then complet-
ed with individual painted panels. Our altarpiece 
therefore fits into the category that includes, among 
others, the Polyptych of Olera by Cima da Conegli-
ano, and the Polyptych of Saint James in Peghera by 
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plane with a slightly curved blade was used, mak-
ing an approximately horizontal motion. (Fig. 1) 
There are areas where the tool has changed direc-
tion, but it seems that this is due to an contorted 
wood grain that required being worked different-
ly. In the X-ray, though, these areas do not show 
particular marks or disruption to the fibers of the 
wood. The presence of these areas could explain 
some difficulty in planing the support due to poor 
wood quality. The backs of the panels were also 
finished with a certain care; the planks, once as-
sembled, were planed working in a horizontal di-
rection.

The crossbar system applied to the panels was 
not typical in part because of the enormous size 
of its components and its shape, and furthermore, 
even the method in which it was anchored to the 
panel was rather unusual. This strong supporting 
framework used 30 cm wide horizontal members 
and 10 cm wide vertical members (Figs. 2–4).2 

Palma il Vecchio. In any case, a peculiarity should 
be mentioned here: usually the panels of these art-
works have a light structure and a self-contained 
system of crossbars precisely because they fit into 
a specific space. However, the three panels of the 
San Zeno triptych, as we will now see, have a very 
robust structure with massive crossbars.

The supports are made of poplar wood and 
incorporate the surviving portions of the original 
panels. As was usual, preparing the planks for the 
panels followed the rules defined for making that 
kind of product: the planks of each panel were 
worked independently, they were smoothed per-
fectly along the sides to be joined, dowels were in-
serted into these edges, and the joins on the face 
destined to be painted were reinforced with a se-
ries of poplar double-dovetail splines, also called 
butterflies. Once the panels were constructed, 
they were planed smooth on the face that was to 
be painted; from the radiography it appears that a 

1. Detail of the X-ray image showing the support of the Madonna and Child. The slanting striations are from planing the panel before 
it was gessoed.
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2. Photograph by Attilio Motta from 1915 of the back of the 
panel with Saint Peter. The sturdy original crossbars, the tool 
marks from finishing the back surface of the panel, and the two 
large splits that cut through the panel can be seen.

3. Photograph by Attilio Motta from 1915. The back of the pan-
el with the Madonna and Child. The central crossbar is missing.

4. Diagram of the construction of the original crossbar support system.



Structural Conservation of Panel Paintings at the OPD in Florence: Method, Theory, and Practice

202

been the massive and exaggeratedly robust prod-
uct of a workshop that had tried to make up for 
poor quality wood by using increased thicknesses 
and widths. Actually, the exact measurements are 
those derived by scaling up Attilio Motta’s photos 
and they show an orderly, sturdy kind of construc-
tion, carried out with the criteria of medieval car-
pentry. In particular, seeing the appearance that 
the artwork originally had allowed us to evaluate 
the proportional relationships between the sup-
port, crossbars, the side strips, and the workman-
ship. Essentially, the appearance of the back of the 
panels brought to mind the sturdy construction of 
household doors, not of traditional painting sup-
ports; this unusual quality was evoked especially 
by the three high, thick horizontal crossbars sup-
porting the panels. Even the type of dovetail join 
that connected the central crossbar to the vertical 
ones betrays the signs of generic carpentry crafts-
manship. All of this deliberate sturdiness appears 
even odder when conceived in the territory where 
the works were created and remembering how 
they are set inside a large architectonic frame.

Considering the three panels in detail, let us de-
scribe them by associating the right one with the 
figure of Saint John the Baptist, the central with the 
Madonna and Child, and the left one with Saint Pe-
ter, and for brevity, maintaining these names.

The support of Saint John the Baptist is 135.1 
cm wide and 213.1 cm high. It is now 2 cm thick 
and made of four poplar planks of average quality. 
The two central are quite wide, while the side ones 
are narrower: beginning on the right side of the re-
verse, the first is a radial cut and 24.7 cm wide; the 
second is sub-radial and 41.3 cm wide; the third is 
radial and 41.3 cm wide; and the fourth is sub-radial 
and 27.8 cm wide. The grain is on average relatively 
straight, the rings moderately prominent, and the 
texture is not very fine. Analogously to the planks of 
the other panels, these have been finished indepen-
dently, the edges to be joined have been straight-
ened, and the holes for the circular splines have 
been prepared. Each join has four of these and their 
distribution is not perfectly even, but well-distrib-
uted in such a way as to hold the planks in a single 
plane. The panel was finished on the back and front 
with a plane working in a horizontal direction. The 
joins of the panel are further reinforced on the front 
by a series of butterfly inserts.

The panel of the Madonna and Child is 127.5 
cm wide and 213 cm high. Currently, it is 2 cm thick 
and composed of one narrow strip and three planks, 
all of poplar wood. Looking at the back, beginning 

In the corners, the planks were held by what was 
probably a mortise-and-tenon join, though the 
possibility of a half-lap join cannot be excluded; 
the central crossbar, positioned horizontally half-
way up, intersected the vertical ones with dovetail 
joins though its full thickness. Pellicioli wrote that 
the crossbars were poplar and 30 cm wide, not 
specifying the difference between the vertical and 
horizontal members or their 4 cm thickness.

The crossbar system was anchored to the panel 
with metal nails. Those in the upper and lower 
crossbars were inserted from the front and bent 
around on the back, two per panel. To recreate an 
even surface for the preparation layers and pre-
vent the nail heads from creating marks, the nails 
were sunk into the planks to a depth of 5 mm and 
sealed with poplar wood inserts. However, in the 
central crossbar, the nails were inserted from the 
back without penetrating all the way through. Evi-
dence of these different ways of inserting nails is 
also seen on the support where the channels of 
nails passing through have been filled with poplar 
inserts whereas the holes of recessed nails have in-
stead been filled with cylindrical wood plugs. The 
different ways of using nails is also confirmed by 
the 1915 photo where, in the case of the Madonna 
and Child, the central batten is missing, due, in 
fact, to the poor grip of the nails inserted from the 
reverse that pass only partially through the panel. 
The logic of this method is difficult to guess and 
we cannot exclude that the central crossbar was 
added after the support was already gessoed.

To complete the description of the crossbars 
on the panels of Saint Peter and the Madonna and 
Child, we can add that the same type of finishing 
and smoothing of the panel was present on the 
surfaces of the crossbars as well. Furthermore, on 
Saint Peter, the crossbars were moderately warped 
outward; they were sub-tangential cuts and the 
central element had more curvature than the oth-
ers. The upper crossbar and the central one were 
positioned with the internal face against the panel, 
while the crossbar at the bottom faced out.

Analyzing each panel based only on the di-
mensions recorded by Avena and Pellicioli in the 
records, it immediately appears that they were 
exceptionally oversized at 5 cm thick, as was the 
width of the crossbars (30 cm). This is notable es-
pecially taking into account the limited dimensions 
of the panels and their insertion into a solid fram-
ing structure like the great monumental frame. 
Before being able to see the photographs, we were 
able to determine that the three panels could have 
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tapered dowels and butterflies. For the dowels 
especially, their number and position in terms of 
height distribution and distance from front sur-
face has been recorded for each panel.

On the Saint Peter panel, the two joins use 
four dowels each. These rough dowels, called 
cavicchi, have a faceted surface and are tapered at 
each end with a diameter of 1 cm and an average 
length of 8 cm (Fig. 5). The holes were made with 
an auger with a helical screw bit, a type called a 
trivellino. The dowels were not glued and are 
shorter than their cavities. The distribution of 
dowels along the joins is regular but not entirely 
strict; essentially they were placed as a guide to 
help line up the planks. This slight, but noticeable 
irregularity like the others noted in the panels, 
shows that the craftsmen in the workshop were 
not rigorously following the plan, but allowing 
a certain approximation in measurements to 
prevail, perhaps also due to the mundane nature of 
the work (Fig. 6). This quality was also found in the 
other two panels. For example, in the Madonna 
and Child panel, as seen from the back, the dowel 
at the bottom between the second and third plank 
seems to be missing; in the Saint John the Baptist 
panel, the dowels at the top and bottom are lined 

on the right: first there is the 6 cm strip; after that, 
the first plank is 42.2 cm wide with a radial cut and 
fairly straight grain; the second, a sub-tangential 
cut is 39.5 cm wide with slightly curved grain; and 
the third is 38.9 cm wide, has a sub-radial cut, again 
with a slightly curved grain. These have moderately 
prominent rings, and a fine texture, and are of a 
relatively homogeneous quality. The planks were 
individually shaped to the approximate size and 
then perfectly planed on the edges to be joined. 
Then holes for the four tapered dowels were made 
in each plank. Their distribution varies slightly, 
but is effective for controlling the alignment of the 
surfaces of the planks. In this panel, four butterfly 
splines per join have been added to the front, that 
is the side destined to be painted, with the scope of 
reinforcing the bond between the planks.

The support of Saint Peter is 133 cm wide and 
213.2 cm high. Currently it has a thickness of 2 cm 
and is made of three poplar planks. Looking at the 
back, starting from the right, the first plank has a 
nearly diametral cut, with a shift in the grain of the 
upper part where there are tangential rings visible. 
The grain is quite straight except for the upper area 
where it curves moderately and in the lower part 
where there are small knots. The growth rings are 
spaced apart and not too visible, the texture is fine, 
the quality is homogeneous, and the width of the 
plank is 44.5 cm. The second plank is nearly a di-
ametral cut. The grain is quite straight and curves 
slightly in the lower part. The rings are far apart 
and not very visible. The texture is relatively ho-
mogenous with few, small knots. The width is 42.5 
cm. The third is instead a sub-radial cut with a rela-
tively straight grain except where tangential rings 
are visible in the central upper portion. This area 
has a curving grain. The rings are spaced apart and 
moderately visible. The texture is fine and relatively 
homogenous. The plank is 46 cm wide. As for the 
other panels, in this case the choice of wood is not 
the best: there are many areas with small knots and 
the grain is diagonal. The planks have been butt-
joined and have tapered dowels in the joins. Along 
the lower edge on the right side as seen from the 
front, there are traces of two butterflies across the 
joins. The panel also has other features unlike the 
other two: first, there is a canvas under the prepa-
ration layers spread over the entire surface, and 
second, the three dowels along the left border don’t 
apparently serve any connecting function but are 
instead left over from a previous use or a mistake.

One important feature to note from the X-
rays of the three panels is the distribution of the 

5. Photograph from 1915 showing the dowel (cavicchio) in a gap 
between the planks that appears to be multi-faceted.
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Returning to the study of the records, looking 
for more information on the thickness of the pan-
els, one might conclude that the three supports 
had a total thickness of 9 cm, given the sum of 5 
cm of the panels (0.05 m according to Avena) and 4 
cm of the crossbars (according to Pellicioli). Along 
with this, it is important to note what Pellicioli 
wrote explaining the reduction of the thickness of 
the panels, “Then the thickness of the panels was 
measured, and all the wood that was greater than 
that measure was removed, that is, to the thinnest 
point of the panels [È stato poi registrato lo spes-
sore delle tavole asportando tutto il legno che era 
di spessore superiore al registro e cioè al punto più 
sottile delle tavole].” It seems appropriate to pose 
some questions connected to that statement: did 
the planks vary in thickness within each panel? 
And also, was the variation in thickness of the 
planks linked to each panel?

From the photographs, the first possibility can 
be eliminated in that the panel of the Madonna 
and Child retains the same thickness even under 
the missing central crossbar. Based on data that 
emerged during our conservation treatment, an-
other hypothesis can be formulated about the dow-
els and their current placement inside the planks. 
This supposes an underlying assumption that the 
dowels, according to standard practice, would be 
inserted at the halfway point in edge of the plank. 
By the carpenter’s rules of craftsmanship, the dis-
tribution of dowels along the joins was determined 

up in a row while the central ones are placed more 
unevenly. Other dowel channels are visible on the 
outer right edge of the Saint Peter panel. In terms 
of technical considerations, these holes have no 
function, not even that of connecting to other 
panels because they are facing outwards and the 
sequence of the paintings is certain. Some of the 
possible explanations include that the holes could 
have connected to some elements on the side of 
the frame, or that the support of Saint Peter was 
built from a recycled panel, or that that plank was 
intended to be placed elsewhere inside the same 
panel, or finally, that the panel was originally wider 
and had an added strip or plank adjacent to what is 
now the outer edge.

Just as for the dowels, the placement of the 
butterflies on the side destined for the preparation 
layers was not strictly systematic. Specifically, for 
the Madonna and Child, which was the most regu-
lar, there was the same casual imprecision encoun-
tered with the dowels and, almost always, there 
was care taken to avoid lining up their positions 
and risk breaking through the plank. In the Saint 
John the Baptist panel, we find four butterflies in-
serted across the central join and two on the side 
joins and the general position of the inserts seems 
decisively moved upward, while the panel of Saint 
Peter has only two butterflies at the bottom on the 
right join where there was a major gap between 
the planks, almost like a preventive reinforcement 
of an area judged to be weak from the outset.

6. Diagram of the three painted panels showing the position of the dowels and the butterfly splines under the paint surface.

Saint Peter Madonna Saint John the Baptist
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Child, 1.5 cm; while in Saint John, it is at 1 cm. Dou-
bling these measurements, that is using the value 
determined from the center of the dowel channel 
as a measurement of half the thickness of the panel, 
the three thicknesses are: for Saint Peter, 3.8 cm; for 
the Madonna and Child, 3 cm; and for Saint John, 
2 cm. This last measurement is about the thickness 
that all the panels currently have and may explain 
what Pellicioli described regarding the registro, or 
set value that he wanted to maintain during the 
thinning operation. It is hard to accept that the bot-
tega charged with constructing the supports would 
have used panels of such different thicknesses and 
in this case, as noted for the placement of the dow-
els, it could be the result of an irregular procedure 
that is, however, surprising and unusual.

Condition
When examining the condition of the painted 

panels, it is important to distinguish between two 
different aspects:
– the deterioration caused by a natural aging of 

the materials
– the effects of the treatment by Pellicioli.

using a division of space that incorporated symme-
try. For example, in general, the same distance from 
the upper and lower edges and the intermediate in-
tervals were measured off with a certain regularity. 
Moreover, the function of the dowels was that of 
guiding the planks during the gluing step, so that 
they remained aligned and keeping this in mind, it 
is reasonable to think that each dowel was precisely 
positioned as close as possible to the center of the 
side edge of the panel to be joined. The remaining 
dowels have a diameter of 1 cm and the curious as-
pect is that their current position is not always the 
same distance from the paint surface, but varies 
by panel. In Saint Peter, the dowels were removed 
when the panel was thinned and the empty chan-
nels were filled with wood inserts. In the Madonna 
and Child, the dowels are still present but have been 
cut down to nearly half their width. In the Saint 
John panel, the dowels are completely enclosed and 
not visible from the back (Fig. 7). Thus we identi-
fied that the center of the dowels of the three panels 
were at different distances from the front surface; in 
the panel of Saint Peter, the center of the dowel is 
at 1.9 cm from the paint layer; in the Madonna and 

7. Detail of the support of Saint John the Baptist. One dowel entirely enclosed in the wood was found under a butterfly insert applied 
by Pellicioli.
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caused by a nail, begins in the lower part and runs 
along the robe of Saint Benedict. Furthermore, 
again on the robe of Saint Benedict, the head of 
a nail attaching the crossbar is quite visible; this 
means that the wooden plug that concealed it, 
along with the painted surface, has fallen out. At 
the time in which the photographs were taken, the 
three panels still had their original crossbars and 
therefore the panels were at their full thickness. In 
1915, Avena described the condition of the indi-
vidual panels, implying that the force of the cross-
bars and the restraint exercised by the nails caused 
the splits. Pellicioli (after 1934) provides a better 
description of the condition of the paint and above 
all the procedures carried out on the support.

Natural deterioration
This information leads us to believe that there 

has been a strong transverse contraction of the 
planks especially in the Saint Peter panel, and to an 
apparently lesser degree, in that of Saint John. The 
planks have moved against the metal anchorage 
points of the crossbars and have cracked. Most 
likely, the nails were inserted in pre-drilled holes 
that allowed for some initial shifting; as has 

When the altarpiece was looked at by the Opi-
ficio team, the effects of the twentieth-century 
treatment were dominant. To go back to what 
could have been the condition before this treat-
ment, it was necessary to examine the archive 
photographs, the documents that traced the sto-
ry of the artwork and its having been moved as 
a result of the Napoleonic requisition, and later, 
relocations inside the basilica. From the archive 
images, two extensive cracks can be seen on the 
panel of Saint Peter; one crack starts at the bot-
tom along the join between planks and stops by 
the head of Saint John the Evangelist, the other de-
scends until reaching the book of Saint Paul. From 
an image of the detail of the lower part, the join 
appears held together by two butterflies; the lower 
one has come out of its cavity on the left though 
remains anchored in the right plank while the up-
per butterfly has fallen out and is entirely lost (Figs. 
8 and 9). The other split is a separation along the 
grain inside the central plank and the gap allows a 
clear view of the torn wood and the canvas under 
the preparation layers. The archive photographs 
also show two splits in the Saint John panel: one 
through the body of the saint, the other, probably 

8. Photograph from 1915. Detail from the Saint Peter panel. The 
split at the bottom has opened and a butterfly spline has fallen 
out.

9. Photograph from 1915. Detail from Saint Peter panel. Detail 
of crack.
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Pellicioli’s treatment
As we mentioned, Mauro Pellicioli document-

ed the treatment he did in the years 1933–34. This 
record is of great value for many reasons. First 
of all, it describes the procedures in chronologi-
cal order very carefully and furthermore confirms 
the work carried out on the wood support. This 
wealth of details is quite rare in records related to 
conservation treatments of the time. Often hasty 
descriptions are encountered and only of the 
painted part; rarely is there a mention or analysis 
of the wooden support. Often, moreover, the jus-
tification of certain procedures is lacking, and the 
phases of work are summarized without a proper 
analysis of the condition. In general, the essential 
connection between the visible effects of deterio-
ration and their underlying causes is usually miss-
ing and, in fact, this has become a relatively recent 
accomplishment.

Here, the treatment is described in a clear way 
and the wealth of details shows the restorer’s open-
ness to sharing—an extremely rare feature in the 
restoration landscape of that time. This all should 
be said though it was undoubtedly a radical treat-
ment that had among its various objectives that 
of reuniting the separated planks and straighten-
ing the supports. In Pellicioli’s report and in that 
of 1915, the high mechanical tension and thus 
the splitting was ascribed to the sturdiness of the 
nailed-on crossbar system. The first step for work-
ing on the reinforcement was that of removing the 
original crossbars. This practice was standard at 
the time, and continued up until recently when, 
fortunately, original—or at least old—carpentry 
has taken on the value of important historical 
evidence, prompting specialized conservators to 
consider all possible solutions that would allow for 
functional preservation.

Pellicioli describes proceeding with the re-
moval of the crossbars and the nails, some of 
which were pulled out from the back, others 
from the front, with the dislodging of paint in 
correspondence to the nail heads. The cavities 
were filled with poplar wood cut from the old 
crossbars. The panel, freed from the crossbars, 
probably reacted to the residual tensions that had 
been under restraint until then, and deformed in 
different ways: by warping, curving, and twist-
ing. Later, the cracks were mended with poplar 
wedges and oak butterfly inserts for more rein-
forcement. In some passages, the two elements 
were used together. After the reinforcements 
were carried out, the planks were straightened; 

happened in the central panel. But when the 
shrinkage surpassed a certain degree, the nails 
encountered a forceful restraint. If we try to read 
the state of the paint in relation to the contraction 
of the panel, we can infer from the records cited 
earlier that there were localized areas of lifting and 
minor cracking. The panel of Saint Peter, despite 
the strong contraction and the wide splits, has a 
paint surface with a stability similar to that of the 
other two panels. The condition of the support 
of Saint Peter reflects, to a greater degree, the 
effects of the natural behavior of a painted wood 
support. When a panel is prepared as a support 
for a painting, the wood is not always perfectly 
seasoned, or in any case, may have been alive not 
long before. Even if the wood were fully seasoned 
and stable, applying the gesso and glue along 
with the possible adhesion of a canvas under the 
preparation layers, and even the application of the 
paint itself, all carry a large amount of moisture 
that is absorbed and released in a relatively short 
period of time. During the initial period, a series of 
settling movements occur that often determine the 
permanent condition of the artwork, and already 
cause the first cracks to appear. For example, the 
support of the Descent from the Cross by Agnolo 
Bronzino in the Museo dell’Opera di Santa Croce 
has, up high, along a join, two butterfly inserts 
carried out with the same technique as the others 
under the preparation, indicating an early gap 
needing reinforcement. During the settling phase, 
the paint and preparatory layers are flexible enough 
that they can move with the contracting wood 
without losing adhesion. One exemplary case is 
definitely Duccio’s Maestà in the Uffizi in which a 
transverse contraction of large proportions is seen, 
though the paint is perfectly flat and well-adhered. 
This elastic capacity is lost over time and the 
chance that the paint will later be able to withstand 
a contraction from sideways compression of the 
wood grain is enormously reduced. Other factors 
obviously come into play here such as the stability 
of the display environment, and above all, the 
quality of the preparation layers. This leads us to 
believe that the damages visible in the historic 
photographs and described in the documentation 
were probably, in large part, very old and derived 
from the initial period in the life of the artwork. 
Contributing to the problem are the environmental 
conditions and the movements that the altarpiece 
has been subjected to over time.
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function. The wood fibers have been irrevers-
ibly weakened by the deep cuts and new tensions 
have been introduced opposing the natural ones. 
The application of a rigid cradle on the thinned 
and filled support, in the overwhelming majority 
of cases, causes large tensions in the panel with 
strong sideways contraction of the support sur-
face with lifting and flaking of the preparation lay-
ers and paint. In this specific case, there is such 
a contraction, without, fortunately significant 
damage to the paint because of the high quality of 
the preparation layers. One positive effect of the 
treatment has been that the splits are closed and 
stabilized.

Conclusions regarding condition
As previously described, the three panels pres-

ent a state that is heavily affected by Pellicioli’s 
treatment. To define this more precisely, we can 
say that a horizontal cross-section of the panels 
would have been flat, but a vertical one would 
have been concave.

This phenomenon is often seen in a more or 
less pronounced way in panels restrained with a 
rigid cradle; the vertical members glued along the 
wood grain exert a non-uniform, asymmetric pull 
on the surface due the channels made for the hori-
zontal members. The vertical degree of deflection 
can been measured by the centimeter in terms of 
its order of magnitude. Many of the chip fills have 
contracted and the glue putty used as an adhesive 
shows signs of giving way. Some of the grooves, 
due to the tensions between the planks and the 
rigid restraint system, had started splits in the 
wood all the way down to the paint. This is a clear 
sign of malfunction in the support system in addi-
tion to the presence of friction between the hori-
zontal crossbars—meant to slide—and the back of 
the panel. On the large frame, there are very visible 
signs of wood-boring beetle attack with deposits 
of frass. It was not clear if the infestation was ac-
tive when the painting was brought in for exami-
nation by the Opificio specialists, however, there 
were signs that the display environment could 
provide favorable conditions for a new infestation 
that could affect the panel paintings.

The conservation treatment of the structure and 
wood support

From the examination of the structure and the 
condition of the panels it was possible to outline 
a treatment plan that would respond to multiple 
problems. For the individual panels, the objective 

deep grooves were made which went through 
to within 5 mm of the paint surface, and a nar-
row slice or sliver (sverze) of oak wood was used 
to fill them. The grooves were made vertically, 
horizontally, and diagonally so as to weaken the 
wood according to the various kinds of deforma-
tion affecting it. The long wood slices, triangular 
in cross-section, were pounded with force into 
the channels (rectangular in cross-section due 
to having been made with a saw blade) and the 
planks were straightened according to plan. In 
particular, since the shape of the support before 
the oak filling was warped, the convex paint sur-
face had a wider transverse measurement with 
respect to the concave back. Now, having been 
planed down and flattened, the back surface in-
creased, reaching the dimensions of the front. 
This movement of forced twisting has com-
pressed the fibers of the wood under the paint 
surface, causing a predictable contraction with 
lifting and flaking. Moreover, the longitudinal 
cuts show up on the surface. Especially in raking 
light, the parallel vertical lines from the invasive 
restoration treatment carried out by Pellicioli are 
quite apparent.

This step was followed by thinning the panel to 
further reduce the force of the wood. During this 
phase, as we have described, the dowels were ex-
posed in the panel of the Madonna and Child and 
that of Saint Peter. On Saint Peter, the butterflies 
inserted by Pellicioli himself were thinned down 
to a mere 1–2 mm, again indicating that the panels 
had originally had a different thickness. Reducing 
the thickness also had the function of offering a 
perfectly even surface for the new cradle restraint 
system. In fact, the mechanism of the rigid cradle 
composed of glued vertical elements with movable 
horizontal elements inserted through them repre-
sents a geometric system of force transformation 
and requires the utmost precision for the anchor-
age points. This system is supposed to counter the 
tendency to warp with a stronger force, and guide 
the movement of the support toward a flat, trans-
verse expansion.

This intervention on the support is considered, 
in general, extremely invasive; the operations car-
ried out on the very old cracks have irreparably 
changed the mechanics of the panel. Important 
original elements have been destroyed like the 
wood removed during the thinning process (that 
would have increased the inertia of the panels in 
relation to environmental fluctuations), and the 
crossbars that provided an important support 
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crossbars and the release of tension would result 
in a slight warping. That curvature would be a 
positive factor in the preservation of the painting 
in that the paint surface would become slightly 
convex, and its surface area gently increased. The 
paint would be in a more stable, favorable state. 
The degree of deformation was expected to be 
within a limited range that would be perceptible 
only looking at the artwork from the side, not the 
front. The panels therefore underwent laser beam 
profilometry measurements with a scanning system 

was that of providing a functional mechanism for 
supporting the deformations of the panels, light-
ening the force of the crossbars, and allowing the 
horizontal members to slide. To obtain that result 
in a truly effective way, the panels needed to be 
reinforced, the grooves checked, and the splits re-
joined. Furthermore, the panels had to be fit into 
the vertical architectonic frame structure and suit-
ably protected from rapid changes in temperature 
and humidity.

The treatment of the panels
Our treatment had to directly address Pellicio-

li’s work: his grooves, his reinforcements, and his 
restraint system. It was necessary to evaluate how 
far to carry the treatment, that is, whether or not 
to completely eliminate the elements applied in 
the previous treatment or rather to limit ourselves 
to adjusting and correcting critical areas. There-
fore, the paintings were studied in detail including 
from the point of view of stability of the paint and 
preparatory layers. The condition was generally 
stable with good adherence of the layers, though 
there was a series of scattered minor losses. This 
is a clear indication of the ground layers holding 
on well and preventing the paint from flaking over 
a wide area and together with this was the feeling 
that the paintings should not be subjected to par-
ticularly traumatic or invasive procedures. If on 
one hand, removing the crossbars was necessary 
to reduce the friction and tensions, on the other, 
proceeding to completely remove the elements 
glued along the grain would have subjected the 
panels to a series of extremely dangerous vibra-
tions that would have increased the detachment 
of the applied materials. Therefore, our treatment 
was limited to improving the integrity of the pan-
els and adjusting the existing crossbar system.

The paintings and the architectonic frame ele-
ments were given an immediate anoxic de-infes-
tation treatment. The fourteen parts that make 
up the San Zeno altarpiece were put into as many 
oxygen-barrier bags with a modified atmosphere 
nitrogen environment. In this way, any insects in-
side the structure were eliminated by asphyxia.3 
After three weeks of treatment, the single pieces 
were given a brush application of Permetar insec-
ticide. This provides some protection to the wood 
and deters new infestations (Figs. 10 and 11).

There was an awareness that our treatment of 
the wood supports would change the structural 
mechanics of the paintings. The panels would 
be gradually freed from the restraint of the rigid 

10. All the parts of the altarpiece were de-infested in anoxic 
enclosures.

11. After the de-infestation, the wood was protected with a 
brushed application of the insecticide Permetar.
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moment could be determined in which the internal 
forces in the panel were relaxed, without any new 
fluctuations inducing changes (Fig. 14).

The supports were stabilized with an average 
deflection distance (sagitta) of about 1.2 cm. It 
was therefore necessary to provide the panels 
with curved crossbars. These elements were made 
to respect the new parameters; pairs of curved 
crossbars were inserted into the channels for the old 
crossbars. In each 2 cm deep space, two 1 cm thick, 
chestnut-laminate crossbars were inserted.5 The 
new crossbars were designed to fit the old channels 
and therefore did not require new anchorage points 
on the panel; furthermore, they conform to the 
movement in a more flexible way than before. The 
crossbars were assembled on a curved form having 
an curvature deflection of 0.8 cm so that they would 
immediately provide some resistance to the 1.2 cm 
curvature of the panel. Determining the thickness 
and curvature of the new elements also took into 
account the number of crossbars for each panel 
(11), the weakening that each panel had suffered 
from the grooves, as well as the arrangement that 
each panel would have in the final architectonic 
structure and eventual protective backing. The 

before and after the procedure. The measurements 
were compared to derive an exact value for the 
deformation that occurred during the treatment 
(Figs. 12 and 13).

The panels were gradually freed from Pellicioli’s 
crossbars. In place of these, pairs of flexible cross-
bars were inserted that allowed each panel, ideally 
when oriented vertically, to assume a slight warp. 
The procedures were carried out in an environment 
with a stable temperature and humidity so that the 

12. Removing the pre-existing crossbars. The crossbars were 
substituted with more flexible elements.

13. The panels were placed vertically, free from the old cross-
bars and restrained by flexible supports so as to gradually re-
lease the accumulated tension.

14. After the release of tension, the panels assumed a convex 
curvature.
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which from a flat position had increased to 1 cm, 
it is possible to approximately calculate that the 
surface of the paint has been increased by about 
0.6 mm (Fig. 15).6 This is a considerable increase 
that enhances the stability of the paint surface. As 
previously specified, after applying the new cross-
bars, the panels were again measured with the 
profilometry laser (Figs. 16 and 17).

After determining the curvature of the pan-
els, the paintings were set up on customized sup-
ports, the new crossbars were removed, and the 
panels were reinforced. An examination of all the 

crossbars, taken individually, might seem too weak 
and overly flexible, but all the conditions mentioned 
before made us opt for this solution which should 
be evaluated in its entirety.

With the insertion of the new crossbars, the 
panel assumed an average deflection of 1 cm. This 
showed that the new crossbars were restricting 
the amount of warp, giving the supports an inter-
mediate curvature between the free position of 
1.2 cm and that of the crossbars of 0.8 cm. Tak-
ing into consideration the width of the supports, 
their thickness, and the increase in deflection, 

15. Calculation sheet for determining the amount of expansion of the painting surface based on the curvature of the panel.

16. The paintings undergo laser profilometry before and after 
the removal of the crossbars.

17. A comparison of the paint surface before removing the 
crossbars (on the bottom with a lighter tone) and after (above, 
with a darker tone). There is a visible increase in curvature.

CALCULATION OF SURFACE EXPANSION IN RELATION TO WARPING

l = panel width
x = increase of sagitta
s = half the thickness of the panel

cm
VALUES WIDTH l 130 INCREASE IN CONVEX SURFACE (cm) 0,06

INCREASE IN SAGITTA f 1
HALF THICKNESS s 0,9 DECREASE IN CONCAVE SURFACE (cm) -0,06 0
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grooves and areas filled with oak slices provided 
an even better understanding of the damage that 
the artwork had suffered from that former treat-
ment. Most of the channels showed signs of poor 
cohesion with evident shrinking of the adhesive; 
in some areas, especially along the lower border 
of the Madonna panel, the tensions between panel 
and crossbar had caused splitting extending down 
from the grooves (Fig. 18).

Our treatment consisted of a first step of iden-
tifying the failing wood fills for removal and sub-
stitution with poplar wedges, and secondly, in re-
inforcing the areas with splits. These procedures 
were carried out by clearing the affected grooves 
using an electric router with a conical point with 

a very narrow angle (15°). All of the areas with 
grooves near the top and bottom edges were rein-
forced for a distance of 20 cm. Thus, the edges of 
the panels were made secure and the risk of new 
cracks was reduced. Removing the old oak fills was 
limited to cutting down to the depth to which they 
were inserted in the panel; furthermore, the limit-
ed width of the opening of the new grooves means 
the removal of original material was minimal. It 
was, however, necessary to create perfectly even 
triangular channels into which the seasoned pop-
lar wedges would fit precisely. This kind of treat-
ment guarantees greater strength and reinforce-
ment of the wood fibers. The adhesive used, a PVA 
called Bindan, was applied in minimal quantities. 

18. Detail of the lower border of the Madonna and Child panel. The oak fills carried out by Pellicioli and a crack that has opened in 
correspondence to one of the grooves can be seen.

19. Using the electric router to clear the filled grooves. 20. Reinforcement of Pellicioli’s oak fills with triangular pieces 
of old poplar glued into precise channels.
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The same type of operation was carried out in the 
grooves that showed signs of the old glue failing, 
limiting the treatment to only the areas heavily at 
risk, avoiding subjecting the artwork to further vi-
brations. As already emphasized, the procedure of 
reinforcing the grooves was carried out to a great-
er depth in the cracked areas, so as to obtain a 
perfect bond between the sides and the best align-
ment of paint edges (Figs. 19–21). On the central 
panel, a local treatment was also done where a 
wooden insert had been positioned to cover the 
head of an original nail. This element had been an-

chored below the level of surrounding paint dur-
ing what was probably the extraction of the nail, 
creating a visible step between the paint surfaces. 
In order to bring the small insert up to the surface 
plane, it was necessary to access it from the back. 
The patch made by Pellicioli was partially cleared 
away and slight pressure on the insert moved it 
to the right level. Then the area was filled, as al-
ways with aged poplar glued with Bindan (Figs. 22 
and 23). After the complete reinforcement of the 
panels, the crossbars were lubricated with paraffin 
wax and inserted anew into the channels.

21. Detail of the reinforcement work. The inserted elements 
take up only slightly more space than the preceding oak fills.

22. Aligning the original insert that had sunk below the paint level 
with slight pressure from the back. Only the patch added by Pel-
licioli was cut into to gain access through the back of the panel.

23. A raking-light comparison of the area with the paint brought to the right level with pressure from the back.
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Our belief is that we were able to carry out a 
treatment that removed the principal sources of 
tension and also structural weakness of the panels 
while respecting the conditions for the preserva-
tion of the paint. An important role was played by 
the protection that the paintings received once they 
were installed in the frame. The three panels were 
each protected by a sheet of plywood that serves 
as a barrier (Fig. 24); all the framework elements 
were closed from behind by wood paneling that 
creates a kind of buffer of air that slows the effects 
of fluctuations in humidity and temperature from 
the display environment. Thus, these indispensible 
strategies for the protection of such fragile and deli-
cate paintings were assigned to the by now proven 
system for slowing the exchange with the external 
environment that alternately would have involved 
the execution of a much more extensive treatment 
on the paintings and therefore would have been 
riskier for the stability of the paint layers. It would 
have required the use of isolating materials applied 
in direct contact with the support which would 
have heavily conditioned their correct reading and 
preservation in the future.

Reinstalling the altarpiece on the altar
At the end of the treatment, an installation plan 

was researched and developed for all the compo-
nents of the altarpiece through which it was pos-
sible to achieve several goals.
– First of all it was necessary to rediscover the 

original installation, even improving if possible 
on the system adopted for temporary exhibi-
tions. The paintings had to be accessible from 
the back without risk.

– The containing structure had to offer protec-
tion to the back and top of the panels from en-
vironmental fluctuations, dust, and insects.

– The paneling on the back had to provide con-
venient access to the supports so that they 
could be reached without hindrance as well as 
allowing for monitoring of the microclimate 
within the space.

– The structure applied to the frame had to be 
easy to transport and mount, light but also 
strong.
The project included freeing the altar from all 

wood elements added in the 1934 treatment and 
relied instead on the attachment points and bearing 
capacity of the vertical wooden posts inserted into 
the designated sockets already in the marble floor. 
These elements required an appropriate reinforce-
ment in order to securely hold up the altarpiece. 
They especially needed to be stable with regards to 
tipping toward the back and front. Therefore they 
were provided with sturdy flanking supports that 
screwed to the existing shafts extending them to-
ward the back; these increased their footprint and 
prevented flexing (Fig. 25). These elements are 
made of 3 cm woodcore board, and extended to the 
edge of the altar and are secured at the bottom with 

24. Installing the altarpiece in the Basilica of San Zeno. The 
back of the panel of Saint John the Baptist is covered with a 
sheet of plywood for more protection.

25. Behind the high altar of the Basilica of San Zeno. From the 
left: the first vertical shaft is made of fir and fits into the socket 
in the marble; the second shaft is chestnut (paired with the first) 
and the upper part of it has the bracket that attaches to the ar-
chitrave; the side is 3 cm woodcore board, screwed into the 
chestnut shaft to strengthen and stabilize the vertical elements.
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metal brackets that are screwed to the back of the 
altar (Fig. 26). Another important piece is the high 
horizontal wood bar behind the architrave which 
is screwed to the posts; this has a double function: 
holding the posts parallel and in plumb, and offer-
ing a continuous support to the back of the archi-
trave (Fig. 27). The side supports and the horizontal 
bar are sufficient to allow for mounting the frame 
elements. At the top, the architrave is held by steel 
brackets at the top of the vertical shafts and rests 
against the horizontal wood bar at the back; the 
predella sits on the pre-existing wooden box paint-
ed with Verona marbling (which is, in turn, resting 
on the altar); the columns are inserted into the ar-
chitrave and rest on the top of the predella; and fi-
nally, the volutes are attached high up on top of the 
pediment (Figs. 28–32).

The paintings are inserted in their places and 
each is secured centrally at the top with a strip of 
chestnut wood screwed into the architrave and 
at the bottom by a block screwed into the top of 
the predella. The placement of only one anchor 
point in the center top and bottom for each panel 
avoids the risk of blocking the movements of the 
supports and ensures that it is the crossbars that 26. Detail of the bracket from the side anchored to the altar.

27. Frame installation: the vertical elements are connected by a beam at the top and they ensure the secure suspension of the archi-
trave.
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28. The paintings were secured in the frame with wood pieces 
placed at the center of each panel.

29. The large framework is anchored to the new side pillars. 30. Application of the cover on the top and attachment of the 
volutes.

31. Installing the doors enclosing the back.
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provide the restraining function. Moreover, the 
surfaces of the frame that are in contact with the 
panels were lined with Teflon adhesive tape so as 
to reduce friction and avoid scratches.

The structure designed to protect the paintings 
from environmental fluctuations was made of a large 
fir wood framework placed in the back, resting on 
the altar, connecting to the sides with screws. The 
framework holds a series of panels that completely 
enclose the back of the altarpiece. The 2 cm wood-
core panels that enclose the spaces behind the pre-
della, the columns, and the architrave, are secured on 

the sides; at the top a cover is positioned and screwed 
on, again in 2 cm woodcore board, that rests on the 
top of the architrave; finally, on the back, the wide 
spaces left by the geometry of the framework receive 
six doors at the bottom, corresponding to the scenes 
in the predella, and four doors above where the three 
main painted panels are. These doors are simply held 
in by wooden strips and can be removed with a sim-
ple upward movement, freeing the bottom, allowing 
for quick and easy access to the backs of the painting, 
and, additionally, permitting access to the climate 
monitoring system inside the enclosure.

1 The images are in L. Puppi, Il trittico di 
Andrea Mantegna per la Basilica di San Zeno 
Maggiore in Verona, Verona, 1972.
2 The approximate measurements were ob-
tained by scaling photographs up to the actual 
dimensions.
3 The treatment was carried out by Ivano 
Francavilla.
4 The equipment was developed by the engi-
neering faculty of the University of Florence for 
our wood panel conservation department and 
has been, in recent years, a significant method 
of technical analysis with repeatable and com-
parable measurements. For our purposes, the 
profilometry is obtained with a laser ray emit-
ter moved by a scanner according to orthogo-
nal Cartesian axes x and y. The laser meets the 

surface being measured and determines the 
distance from the source (z) over all the points 
measured. The surface can be measured in 
both the horizontal and vertical direction with 
a precision of 0.4 mm; the minimal distance of 
each step is 0.4 mm; the values are recorded 
every third step (1.2 mm). Thanks to the detec-
tion of the reference points on the surface, the 
measurements were repeated and compared 
so as to evaluate in a quantitative way the new 
curvature assumed by the paint surface.
5 Each element of the pair of crossbars is 
made of three laminated strips of 3 mm glued 
together with epoxy resin Araldite AW 106/
HV 953U in a ratio of 1:0.8.
6 The mathematical calculation, developed 
by Matteo Santacesaria, is based on the fol-
lowing assumptions: the section of the plank of 

wood (initially rectangular with sides l and 2s, 
where l is the width of the panel and s is half 
the thickness) curves so that the two lengths l 
become arc lengths of two concentric circum-
ferences (where the difference between the two 
radii is 2s), and the intermediate arc length is l. 
If we call x the deflection or sagitta, we can use 
the following formula for the difference d of the 
arc of the external circumference of the curved 
section and the initial value l (approximate for-
mula for a small angle of curvature):

Note: The above formula is a corrected and re-
vised version of the one in the Italian version 
of this work.

32. The back of the altarpiece closed by the new paneling.
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Giotto’s Crucifix of Ognissanti:
Construction technique, condition,
and treatment of the wood panel

Ciro Castelli, Mauro Parri, and Andrea Santacesaria

The wood support of the crucifix of the Church 
of Ognissanti painted by Giotto (presently 467 
cm high and 356 cm wide) represents a typical 
medieval panel structure: it is a good quality, 
essentially sturdy construction, conceived and 
perfected aesthetically as a whole1 (Figs. 1–2). 

This last attribute mostly concerns the delicate 
carving of the perimeter frame that elegantly 
encloses the quatrefoil spaces of the Mourners 
(where diagonals and arcs alternate), the four 
quarter-circles bridging the corners of the in-
tersection between arms and body, and the two 
semicircles at the base of the lateral apron pan-
els. In addition, the standard working charac-
teristics of medieval craftsmanship can be seen: 
robust planks for the panel with solid vertical 
and horizontal crossbars placed on the back 
to form a well-distributed, reinforcing lattice 
attached to the panel with quadrangular nails 
with large, faceted heads.

Ours belongs to the ranks of the great paint-
ed crosses of the Duecento and Trecento. (To 
cite a few, that of Santa Maria Novella and of 
Rimini by Giotto, the earlier ones of Arezzo and 
of Santa Croce by Cimabue, that of Santa Croce 
and of San Cresci by Lippo di Benivieni, that of 
Santa Croce by the Master of Figline, and the 
one after Giotto of San Marco.) These are the 
result of not only an iconographic development 
but also a technical evolution, achieved over the 
course of the construction of the older crosses. 
The qualities that the paintings of this period 
share are dimensions that are decidedly larger 
with respect to preceding examples (let us re-
call that the crucifix of Santa Maria Novella and 
that of the Master of Figline measure more than 
5 meters in height and 4 in width and even the 
crucifix of San Marco measures 6.30 m by 4.08 
m) and their installation and suspension up on 
the tramezzo of the churches with heavy iron 

This text was originally published in Italian as:
Ciro Castelli, Mauro Parri, and Andrea Santacesaria. “Il support ligneo: tecnica di costruzione, stato di conservazione e 
intervento di restauro.” In L’officina di Giotto: Il restauro della Croce di Ognissanti, edited by Marco Ciatti. Problemi di con-
servazione e restauro 28. Florence: Edifir, 2010. Translated by Helen Spande.

1. Giotto, Crucifix of Ognissanti, Church of Ognissanti, 
Florence. The back after conservation treatment.
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was resolved in early examples of the twelfth 
century, like the so-called Lucchese crosses (for 
example, Sarzana, the one of Villa Guinigi, of 
San Michele in Foro, and others) with indepen-
dent arms inserted with a tenon into the up-
right portion of the cross. In the same period, 
in different geographical areas, other craftsmen 

rings and a slight tilt forward. The construction 
of this kind of painting can be defined as the 
most complex among painted wooden objects, 
in fact, in order to obtain this shape the panel 
must reconcile the difficult coexistence of ver-
tical and horizontal planks that make up the 
body and arms. This kind of structural problem 

2. Giotto, Crucifix of Ognissanti, Church of Ognissanti, Florence. The back after conservation treatment.
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depth; there is a major asymmetry between the 
front side (where generally the side of the plank 
that faced the interior of the trunk is the painted 
side) and the back (which is opposite to the for-
mer, rarely painted, but sometimes protected 
with gesso or minium, and most importantly, 
the location of the panel restraint system); and 
finally, the support must provide stability for 
the paint surface (for this the wood is chosen 
from those with a greater inertia in terms of 
temperature and humidity like the right cut of 
poplar wood).2 Furthermore, it is useful to re-
member that around 1100 the widespread pro-
duction of panel paintings began,3 and therefore 
at the moment in which wood was chosen as 
a material for paintings, the Italian carpentry 
craftsmen were surely in possession of excellent 
knowledge of the techniques of woodworking 
and construction and employed them with ex-
treme refinement.4 Consequently, by examin-
ing the support of the Crucifix of Ognissanti we 
can verify the degree of technical development 
reached by these medieval craftsmen.

Usually the supports of the great crosses are 
described by listing the planks, their dimen-
sions, and the various assembly techniques used. 
In reality, analyzing the support of the painted 
crosses from Giotto’s time more in depth, what 
emerges has been truly high-quality planning in 
which all the planks have a quite precise shape 
and placement that is by no means random. The 
solidity that this artwork has maintained until 
today is the result of the carpenter’s cognizance 
and the methods put into effect at the begin-
ning.

The support of a monumental cross, as for 
all the artworks of this kind, incorporates a dif-
ficult challenge: the coexistence of planks ori-
ented vertically and horizontally joined in the 
same plane. This feature required, in this case, 
the creation of a half-lap join between the body 
and arms, with the removal of wood and there-
fore the weakening of the planks with the con-
sequent necessity of having to find an adequate 
reinforcement. The reduction of half the thick-
ness of the vertical section and the horizon-
tal so as to be able to unite them on the same 
plane weakened both and therefore the whole 
structure in a substantial way. Because of this, 
a series of measures were put in place to im-
prove its robustness. In the case of our Crucifix 
(as with most of the others of the period), the 
vertical is carved out on the back to house the 

built crosses that instead had continuous arms, 
crossing the body with a half-lap join (the Cru-
cifix of “Alberto Sotio” in the Duomo of Spoleto, 
the Crucifix of Rosano, and Number 432 of the 
Uffizi, among early examples.) The technique of 
using continuous arms with a half-lap join be-
came more frequent and widespread from the 
second half of the Duecento and the first half 
of the Trecento. During the period in question, 
with the birth of the mendicant orders and the 
consequent move to bring the liturgy closer to 
the faithful, we see a transformation that brings 
about the construction of larger churches and a 
new function for the artworks inside; these be-
come larger compared with previous ones and 
are located more centrally so as to be seen from 
all areas of the church. This change favors the 
construction of crosses with the single horizon-
tal panel joined to the vertical with a half-lap 
join, providing greater structural stability. All 
of these construction characteristics we find in 
the Crucifix of Ognissanti.

When examining the construction, the high 
quality and the skill of the medieval carpenter 
who designed and created the cogent structure 
is evident. He was extremely precise in his exe-
cution and prudent in selecting the varieties and 
quality of wood. On the other hand, the support 
has been exposed to environmental fluctua-
tions, vulnerable to wood-boring beetle attack 
and deposits of dust, though overall the con-
struction technique has contributed to the ex-
cellent preservation of the painting even over a 
span of seven centuries. It seems clear that there 
was a profound understanding of wood proper-
ties, its behavior over time, and in the presence 
of environmental variations, and the structural 
methods most suitable to maintain a strong and 
light-enough structure for a monumental work 
of art suspended at an angle at a considerable 
height. Based on our experience, the craftsman 
charged with planning a construction of this 
type had not only carpentry ability and preci-
sion, but also remarkable awareness of mechan-
ical engineering and construction technology, 
as well as benefitting from the accumulated ex-
perience of the past. We must take into account 
that specialization in the construction of objects 
destined to be painted is a very specific subdivi-
sion of general woodworking. Making this kind 
of structure poses a series of challenges for vari-
ous reasons. The shape is essentially two dimen-
sional in that its height and width outweigh the 
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the Crucifix of Santa Maria Novella has a 5 cm 
thick panel but is equally strong and solid. (It is 
530 cm high, 400 cm wide, and therefore slightly 
bigger.) This brings us to consider the example 
of Santa Maria Novella as one of the greatest 
expressions of medieval carpentry craftsman-
ship where an extremely detailed project is in-
dulged with the best cuts of wood and given a 
meticulous execution even down to the small-
est details including aesthetic aspects. This ex-
ample also illustrates how the structural criteria 
prevail over the strength of single elements and 
contribute to create strong structures, while still 
allowing for them to be refined and elegant and 
not excessively heavy.

The Structure of the Wood Support
The support of the Crucifix of Ognissanti is 

composed of a poplar panel, an auxiliary sup-
port system made of a lattice of crossbars in 
chestnut and fir, and a carved frame applied to 
the perimeter of the front.5

The panel is 7 cm thick and is essentially 
made up of a vertical and a horizontal section 
that are joined with a half-lap join. The vertical 
element is made of a main plank, now measur-
ing 463.5 cm6 in length with a width at its widest 
point at the bottom of 48.5 cm. It has a roughly 
2 cm deep notch cut into it where it joins the 
plank on the left; moving up along the vertical 
plank, it narrows considerably until it reaches 
a width of about 44 cm. In order to square up 
the vertical element and to make up for the ir-
regularities due to its slight tapering, lateral ad-
ditions were attached. These lateral planks are 
about 26.2 cm wide and serve as the support for 
the painting of the lower half of Christ’s body 
(Figs. 3–4). At the bottom they form a lobate 
shape and at the top they rest in the half-lap 
join with the main horizontal, overlapping for 
about 10 cm or a fifth of the total width of the 
plank. This amount is important because it de-
termines the size of the join and its strength. In 
the Crucifix of Santa Maria Novella, the planks 
are fitted into the join for a distance of 6 cm (less 
than one-ninth of the total 52 cm), and we find 
the same relationship in Cimabue’s Crucifix of 
Santa Croce; however, in contrast, in the Cruci-
fix of San Marco from the school of Giotto these 
planks completely overlap the entire join (52 
cm), while in the Crucifix of Rimini the planks 
stop at the horizontal element and do not over-
lap it at all. These differences that we also see in 

join with the arms; therefore, the vertical side is 
presented to the viewer as a continuous surface 
from the bottom to the top without interrup-
tion. In contrast, the horizontal arm is carved 
out on the top side and therefore appears inter-
rupted. The join lines between arms and body 
form an “L” whose horizontal border is the head 
of the apron panel that widens the vertical body 
on each side. This method is repeated in a sym-
metrical way on the back in the structure of the 
crossbar lattice. Again, this assembly uses ver-
tical and horizontal lengths that intersect with 
half-lap joins. The vertical lengths also have a 
cut-away part on the side closest to the panel 
to house the horizontal crossbars (and these in 
turn are cut away on the back or exterior face). 
Therefore, even the crossbar system maintains 
a continuity of the vertical elements facing out-
ward. This consistency in continuity (for the 
vertical elements) of the outer surfaces and the 
interruptions of the internal surfaces, together 
with the extensive nailing, provides strength 
and a remarkable solidity to the whole—a qual-
ity established only by respecting the described 
structural symmetry with precision. Further-
more, the long crossbars on the arms, weakened 
at the point of intersection with the verticals, 
are given strength from their attachment to 
the lateral panels of the body. This contributes 
in a substantial way to sustaining the project-
ing arms and opposing their twisting. We are 
aware, furthermore, that the elements taken 
individually (planks and horizontal and vertical 
crossbars) show a natural tendency to flex. For 
example, the main plank that makes the vertical 
backbone—48.5 cm wide, 7 cm thick, and cur-
rently 463 cm long, and that has been cut down 
to 3.5 cm thick in the area of the half-lap join—
is by itself is not particularly rigid. Similarly, the 
vertical crossbars of the lattice measure about 
4.5 m long, with an average thickness and width 
of 8.5 cm by 7 cm and have a series of cut-out 
notches corresponding to half-lap joins with the 
horizontal crossbars. These also certainly could 
flex to a significant degree and bear the risk of 
breaking when subjected to minimal stresses.

Basically, we can conclude that the construc-
tion of a monumental cross relies at its heart on 
the use of “weak” elements but that these are 
united wisely following precise rules that con-
fer strength to the whole. In the specific case of 
our Crucifix, the panel has a thickness that is 
already very robust (7 cm) while the support of 
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the plank and two forming the top and bottom 
points.

The panel displays the distinctive feature of 
wood joins made according to the composition-
al needs of the painting. Usually, in other struc-
tures, (for example, the Crucifix of Santa Maria 
Novella, the Crucifix of Rimini and many oth-
ers) the panels are aligned together in a geomet-
ric way with perfectly smooth and straight sur-
faces of contact made with tools of the period. 
In this case, the main planks are cut to a specific 
shape: in the case of the main horizontal plank, 
the central part is narrower and contributes to 
the half-lap join; the vertical plank, meanwhile, 
is reduced to house one of the lateral planks 
that widens the surface for the body of Christ, 
offering a contact surface that is not perfectly 
smoothed with a plane, but quite likely, finished 
along the last section at the bottom with a rasp. 
We know how important the precision of the 
joins was because of the glue used: calcium ca-
seinate,7 like all water-based adhesives, requires 
even surfaces that match up perfectly. What we 
have described is, though, a rather unique fea-
ture of this kind of panel.

To take advantage of the best characteristics 
of wood, the planks used are generally a radi-
al or sub-radial cut; the texture is, overall, es-
sentially good. The vertical panel has a mostly 
straight grain with few knots and with a flame 
figure at the bottom. In general, the principle 
of placing the planks with the internal side fac-
ing the ground layers has been respected. The 
horizontal panel meanwhile has major knots in 
the central portion with a change in direction 
of the grain. This panel has growth ring sepa-
rations on the left side behind the Madonna 
and in the center; the phenomenon affects the 
surface of the panel and dates from its con-
struction as seen from embedded traces of red 
originally used to mark out the geometric shape 
of the painting, a feature described more later. 
The planks that add to the width of the body 
of Christ also show some separation between 
growth rings; furthermore, on these planks, we 
also find knots with diverted wood grain (figs. 
5–6). From this description it seems that the 
planks, besides matching in color, must have 
belonged in large part to the same tree or in any 
case to a lot of lumber coming from the same 
geographic region.

The planks that form the panel of the Cru-
cifix have been worked independently, aligned 

other crosses of the same period are tied both to 
the general dimensions of the support, and also 
to structural criteria that vary according to the 
woodworking bottega.

Returning to the vertical element of the pan-
el of our cross, we can see, in the area above the 
arm, that two long strips about 80 cm long and 
slightly tapered (from 2.4 cm to 2.7 cm) are at-
tached to the sides and serve to widen the sur-
face, normalizing it and making the edges of the 
cross parallel. Above these, the planks that form 
the quatrefoil lobes are attached making up the 
surface for the panel depicting Christ Blessing; 
these in turn are completed by another two that 
form the lateral points of the quatrefoil. Anoth-
er two semicircular elements are attached to the 
sides at the bottom of the main vertical plank.

Even the element that makes up the main 
horizontal is a composite. The main plank has 
been reduced in length and now measures 
about 356 cm. At its widest, where it is about 60 
cm it contributes to form part of the wide apron 
portion, while in the center, it is reduced to 50 
cm. The right panel is made of two additional 
elements placed on the top and bottom and the 
left panel is made of four elements: two along 

3. Diagram of the composition of the panel.

4. The join of the horizontal and vertical sections.
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and the nail remnant in the support, as well as 
the distance between this and the holes left by 
extracted nails have an identical interval of 14 
cm. From this we can imagine some informa-
tion about the original placement of the lobe. It 
was at the same distance from the lower mar-
gin as the current piece (about 11 cm), it had a 
semicircular shape with a radius of 16 cm (now 
it is 19 cm), and projected a maximum amount 
from the border of the panel of 9 cm (14 cm 
now). This last observation leads us to think 
that the decorative element projected a relative-
ly small amount (9 cm) and that it was held by 
three nails: one at the bottom where the others 
are now, one at the top that was extracted, and 
a central one of which the tip has remained em-
bedded. The semicircle does not have a central 
nail now, probably exactly because it projects 
more (Figs. 7–8).

Once the vertical and horizontal panels were 
assembled from their various pieces (with the 
exception of the two additions just mentioned), 
the two panels were carefully planed before 
being joined. The side that was to receive the 
ground layers was smoothed with such care so 
as to present a very uniform radiopacity in the 
X-ray; with effort it is possible to see that the 
planing was done with a small plane with a fairly 
flat blade that was worked perpendicularly to 
the grain of the wood. The back is also planed 
with the same technique, but not with the same 
degree of finish; in fact, the areas where the 
crossbar members are attached have been fur-
ther smoothed with a plane so as to create an 
even contact surface.

After these procedures, the vertical and hor-
izontal panels were connected with a half-lap 

with butt-joins and glued. Along the join be-
tween the vertical plank and the left apron pan-
el, (the one overlapping by about 2 cm as seen 
from the painted side), but only along this join, 
two 18 cm tapered dowels (cavicchi) were in-
serted. This is probably to give a more solid at-
tachment compensating for the planks that are 
not perfectly in contact.

Two semicircular elements that complete 
the lobes at the bottom of the cross are attached 
with glue and nails to the two lateral planks that 
extend the width for the body of Christ. These 
two additions have some features which deserve 
a brief aside. Their anchorage with nails indi-
cates that when they were applied they already 
had a rounded form and their present dimen-
sions. The X-ray shows the remains of two nails 
inserted in the support and located under the 
bottom of these semicircular elements; these 
could indicate that in these points there were 
other wood pieces attached but then removed, 
probably due to second thoughts while the work 
was in progress. Furthermore, their thickness is 
greater than that of the adjacent plank and the 
attachment on the sides of the support seems 
to have been done after the application of the 
crossbar lattice; in fact, the crossbars do not 
overlap but stop before the uneven, stepped 
edge of the two additions. From the X-ray of this 
area of the support, besides the remains of nails 
next to the lobes, channels left by old nails that 
were extracted can be seen. These are present 
on both sides, slightly angled inward and appear 
to have been removed not long after having 
been inserted because of the lack of oxidation. 
It was also noted that the distance between the 
nails present on the lower margin of the lobes 

5. Detail of the phenomenon of growth ring separations on the 
back surface of the panel.

6. Detail of the growth ring separations on the lateral planks.



225

Ciro Castelli, Mauro Parri, and Andrea Santacesaria, Giotto’s Crucifix of Ognissanti:  Construction technique, condition …

part of the wood prepared previously or with 
another insert. The frame attached to the bor-
der is longer than the raised half-circumference 
and the ends rest on the surface of the panel in 
a different way with respect to the other crosses 
where the frame is only applied to the sloped 
part of the inset halo element.

In the four corners formed by the half-lap 
join, there are four metal L-brackets attached 
with nails driven into the edge of the panel; 

join anchored with glue and nails inserted from 
the front; the X-ray shows six nails aligned in 
the lower part of the join holding the top edges 
of the side planks and the vertical panel with the 
horizontal and three nails at the top in just the 
central plank.

In the same area, on the front of the paint-
ing, the element that forms the halo was set in. 
It is made of a single piece of semicircular wood 
with a thickness that increases toward the top. 
A carved frame runs along the outer border 
with inlaid glass pieces. The frame is attached 
at the base with glue and six nails and the in-
set element is attached the same way. The X-
ray allows us to recognize this is a change in the 
original plan that probably would have used a 
higher placement and a slightly wider shape for 
the halo. In fact, even using raking light allows 
for the detection of a slightly larger semicircular 
cavity (Fig. 9). It is curious to see that this change 
came about after the application of the canvas 
to the support by cutting away the halo element 
that was already attached until it reached its 
current shape. In the X-ray, the area occupied 
by the first version of the halo appears to have 
variable densities: at the left edge of the cur-
rent halo the remains of the inset wood can be 
seen after the piece was reduced to the level of 
the adjacent canvas on the panel, leaving there-
fore, less space for the ground which is thinner. 
Meanwhile, in the area at the top, the wood is 
completely missing and was filled with a thicker 
layer of gesso; to the right the cavity in the panel 
was filled with a wood insert, arranged with the 
grain horizontal and held with seven small nails; 
it is not clear if this filling was carried out with 

7. Detail of the semicircular element applied on the side of the 
main vertical section: note the incision that marks the height 
of the semicircle and the greater thickness of the element that 
rests on the side of the end of the crossbar.

8. Detail of the X-ray showing the point of an embedded nail in 
the center; at the top the signs of extracted nails; at the bottom 
the hypothetical position of the lower nail; and on the right, the 
hypothetical shape of the earlier semicircular element.

9. Detail of the X-ray of the halo area with traces of the shape of 
the originally-conceived, larger version.
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these probably have the function of reinforce-
ment and holding together the planks near the 
join, providing greater solidity at a crucial point 
in the support. There are also additional quar-
ter-circle elements attached with two large met-
al nails each at these four corners, covering the 
metal brackets; of these, three are positioned 
with the grain running vertically, while the up-
per right one (when facing the painting) has a 
horizontal grain (Fig. 10).

The panel is certainly the result of a geo-
metrically designed plan. The shape of the pan-
els, their lengths, the relationships in propor-
tions between the vertical and horizontal have 
been determined previously in a drawing to 
scale and then faithfully transferred to the back 
of the Crucifix. There are, in fact, quite visible 
marks that delineate the geometric construc-
tion of the shape of the painting. Particularly on 
the horizontal arm, a red line, probably made 
with a snap-line, runs along the middle plank. 
At the center of the quatrefoil terminals, other 
red lines, intersecting diagonally, determine the 
center of the arcs of the rounded lobes or run 
parallel to the borders of the points at a dis-
tance of about 6 cm toward the interior. Fur-
thermore, arcs are scored with a metal point, 
again at the same distance from the border, 
almost as if to divide the area occupied on the 
front by the frame from the area destined to be 
painted (Figs. 11–13). Other incisions, again 
using a metal point, define the height of the 

10. Detail of one of the four metal corner brackets.

13. Detail of the central part of the support where the vertical 
incision can be seen in the center of the space between crossbars.

12. Detail of the panel of the Madonna in which the incision of 
the arc and the diagonal marks that define the perimeter and 
the overlap of the frame on the front can be seen.

11. Detail of the panel with the Madonna: the marks used to 
establish the geometric form of the terminals of the arms are 
indicated with black lines.
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The stylistic analogies with the Giottesque 
Crucifix of San Marco and also with that of 
Padua (though much smaller in size), leads us 
to think that our cross also ended at the bottom 
with a trapezoidal base meant to have a repre-
sentation of Golgotha. Quite likely this element 
was made of a panel positioned horizontally 
connected with a tenon join and reinforced with 
the crossbar system so as to be quite secure be-
cause it made up the base on which the painting 
rested. Furthermore, the shape of this terminal 
part follows a mixtilinear canon that could have 
included two semicircles on the sides like the 
Crucifix of Padua, at the join between the verti-
cal part and Golgotha or, more likely, along the 
diagonal sides of the trapezoid as in the Crucifix 
of San Marco. The likelihood of the second pos-
sibility is based on the very probable (given the 
scale of the painting) structural independence 
of the main part of the cross from the Golgotha 
part and, that is, the very real possibility that the 
trapezoid was simply attached to the rest of the 
panel, as for the examples of the Santa Maria 
Novella Crucifix and that of San Marco but not 
tightly incorporated into it as instead is seen in 
the Crucifix of Padua (on a much more con-
tained scale). The Crucifix of Ognissanti there-
fore represents the first example with a mixti-
linear contour in Florence, previously used by 
Giotto in Rimini and Padua.

On the back of the panel a restraint and re-
inforcement system was attached in the form of 
a lattice of nailed crossbars. Before proceeding 
to prepare the various lengths, their positions 
were determined on the surface of the panel 
and marked with metal point incisions. The as-
sembly is made of two verticals and two hori-
zontals placed along the upright section and the 
horizontal element of the cross along the sides 

side semicircles on the bottom of the vertical 
panel. These marks therefore served to define 
the cut-out shape of the painting after the panel 
was constructed. As mentioned earlier, in some 
areas with growth ring separations, these marks 
run over the disrupted surface revealing that 
at the time of construction, the wood already 
had this defect of ring shake.8 On the back of 
the panel we also found marks incised with a 
metal point that determine the position of the 
crossbars and that measure out the divisions of 
the lattice placed to reinforce the panel, signs 
that were regularly respected in the moment of 
attaching these crossbars. From examining the 
panel we can therefore determine this planning 
stage is an intermediate moment after the as-
sembly of the panel and before the application 
of the ground layers and the attachment of the 
crossbar lattice with the relative holes for the 
insertion of nails; undoubtedly this was an im-
portant phase during which the craftsman de-
fined the shape of the painting in detail before 
proceeding to complete the structure with the 
reinforcing lattice (Fig. 14).

On many paintings restored or examined by 
our Laboratory in the past, traces of marks that 
indicated the geometry of the construction have 
been found, for example on the Coronation of 
the Virgin by Lorenzo Monaco in the Uffizi. In 
that case, red marks were found on the front 
side under the frame that defined a division of 
parts of the painting. Additionally, on the back 
of Fra Angelico’s San Marco Altarpiece there are 
quite visible incisions and red lines that define 
the position of the crossbars and the anchor-
age rings inserted into the panel. The back of 
Bronzino’s Descent into Limbo in Santa Croce 
has visible traces of red rectangular shapes that 
mark the position on the outside surface of nu-
merous rectangular splines (ranghette) inserted 
inside the planks, and therefore no longer vis-
ible. This allowed the carpenter to insert wood-
en pins (anchoring the splines) perpendicularly 
into the panel. Recently, on the back of the Giot-
tesque Crucifix of San Marco, similar marks 
were found to those on the Crucifix of Ognis-
santi with red from a snap-line and incisions 
made to determine the shape and height of the 
arcs, median lines for the principle planks, and 
incisions to define the positions of the cross-
bars, so much so as to imply a “family relation-
ship” between these two structures, at least in 
terms of this characteristic.

14. Hypothetical reconstruction of the marks on the Crucifix 
before it was cut to its final form.
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the crossbars had nails inserted along the mar-
gins, corresponding to the frame on the front so 
that the bent points would have been covered. 
Probably for this reason, among the marks on 
the back of the panel, lines of demarcation were 
made between the painted parts and the areas 
covered by the frame, transferring on the back 
this important information from the front.

The distribution of the nails is similar to 
that present in other crosses cited above:10 
different though in Giotto’s Crucifix in Santa 

of the load-bearing planks. The long crossbars 
were cut to size and finished with a bevel on 
the outer corners in preparation for overlapping 
with half-lap joins. As mentioned previously, 
the vertical members were carved out on the 
back while the horizontals, in turn, were carved 
out on the front (Figs. 15–17).

A series of ten, short horizontal crossbars at-
tached at various heights and joined, as always, 
with half-lap joins to the main vertical lengths 
contribute to provide support for the panel. 
There are also six short vertical crossbars posi-
tioned on the arms, again with the same meth-
od. The crossbars are made of different spe-
cies of wood. The main vertical and horizontal 
lengths are fir while the others are fir, chestnut, 
or poplar. Considering the placement of the in-
dividual segments, it is not possible to identify 
a clear guideline governing the choice of wood. 
On some, signs of previous workmanship can 
be seen, for example large cylindrical holes are 
signs that the material is recycled from older 
objects. These have variable sizes in cross-sec-
tion: the long crossbars are about 9 cm wide and 
7 deep; the short crossbars are on average 7 cm 
wide with a height of 6 cm. The outer corners of 
these elements are beveled giving a lighter, el-
egant quality to the whole. Furthermore, when 
looking at an angle at the painting, the bulky 
intrusiveness of the crossbar lattice is reduced. 
The system was designed so as to be able to sup-
port and restrain the panel in terms of accom-
modating the large dimensions and the co-exis-
tence of perpendicular wood grains, while also 
allowing the structure to be displayed resting on 
the tramezzo of the church, tilting forward at a 
slight angle. The reinforcement lattice had to 
therefore sustain the forces of the projecting el-
ements and maintain the panel surface perfectly 
in plane. The particular technique of arranging 
the half-lap joins between verticals and hori-
zontals, which we mentioned earlier, is essential 
for the integrity of the entire painting, accompa-
nied by a scrupulous nailing of the crossbars to 
the panel. The nails were inserted from the back 
in holes made in the long and short crossbars, 
and then bent back around on the front.9 Gen-
erally, these were placed at each intersection 
and the centers of the crossbars that joined with 
the vertical lengths so as to support the verti-
cal weight-bearing planks of the central sec-
tion. On the terminals with the Mourners and 
Christ Blessing, or the apron panels of the body, 

15. Mounting the crossbar system: first the short crossbars and 
the iron rings on the arms are attached.

16. The long horizontals of the arms and the central iron ring 
are added.

17. The crossbar system is completed with the long verticals 
and the two iron rings at the top.
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Maria Novella which did not have the series 
at the center of the crossbars that support the 
vertical weight-bearing portion, because that 
area is along the vertical join between the two 
planks that form the upright part of the cross.

The support is held up by five iron rings 
(campanelle): along the arms, under the halo, 
and high at the center of the terminal with Christ 
Blessing. These elements were each anchored in 
different ways according to the function that 
they would carry out. The rings are threaded 
through a metal collar shaped like a long strip of 
iron folded completely in half. The three rings 
connected to the vertical planks (the two at the 
top and the one under the halo) are inserted into 
a hole that passes through the crossbars and 
the panel; the points of the iron attachments 
were bent and beaten down below the surface 
of the side destined to be painted (Figs. 18–19). 
The one that corresponding to the halo passes 
through the vertical upright panel and the hori-
zontal arms; the points emerge, separate and are 
bent back on the surface of the halo cavity, then 
the whole area is covered by the semicircular 
inset piece of wood (Figs. 20–21). A different 
technique is chosen for the two rings attached 
to the arms; these are only connected to the 

18. Detail of the X-ray showing one of the iron rings on the arm. 
The crossbar is held to the support by two nails above and be-
low the ring that pass through the crossbar and are bent back 
under the ground layers.

19. Detail of the iron ring under the halo. The shaft passes 
through the crossbar and panel and the points are bent under 
the wood that holds the halo.

21. Diagram of the structure of the support (as it is now shaped) 
before the application of the perimeter frame.

20. The insert that forms the halo, once reduced in size, was fit 
into a cavity cut out from the front of the panel and that covers 
the metal points of the iron ring attachment.
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find about 18 cm lower than the current end, the 
trapezoidal element with Golgotha would have 
been located. It is difficult to imagine precisely 
what the size of this element was. In the Crucifix 
of Santa Maria Novella it is 70 cm high, while in 
the Crucifix of San Marco, though its full height 
is more than a meter higher, it is only 75 cm. If 
we add the amount of 70 cm to the roughly 18 
cm from the cropping of the bottom to the cur-
rent height of our cross (467 cm) we derive a total 
measurement of 550 cm high and 376 cm wide.

As emphasized at the beginning, the con-
struction of the cross is high quality. Compari-
sons can still be made to the other great Crucifix 
of Santa Maria Novella as an example of an ele-
gant, refined, and solid construction. Aside from 
the general shape and category of panel painting, 
there are very few common aspects between the 
two structures, or rather we think it is difficult 
to see them as products of the same carpentry 
workshops. The Crucifix of Santa Maria No-
vella appears more refined with careful finish-
ing on the back and the protection of minium; 
even the crossbar system has an elegant carved 
shape in cross-section, difficult to achieve over 
the half-lap joins, instead of a nearly rectangular 
shape which is easier to intersect. Furthermore, 
the frame has not only an aesthetic value, but 
seals the edges of the panel, protecting the sides 
and the plank ends from environmental fluctua-
tions in temperature and humidity, contributing 
to an improved stability of the whole. The two 
parts that make up the panel are the body and 
the arms and these are in turn formed from two 
radial planks each from which the heartwood has 
been removed to make them more homogenous 
and stable. These measures, combined with the 
choice of using thinner planks (5 cm instead of 
7) for the main planks, give the Crucifix of Santa 
Maria Novella a kind of superior quality almost 
never achieved in other structures. On these 
findings, we base the idea, as mentioned, that the 
workshop that made the first of Giotto’s crosses 
also made or designed the support for the Mae-
stà of Ognissanti (which demonstrates a similarly 
quite refined technique, both in the shape of the 
carved elm crossbars, and in the protection pro-
vided with minium on the back); but that the 
cross made for this same Church of Ognissanti 
was made by another workshop, probably close 
in terms of technique though separated by time, 
to the one that later made the Crucifix of San 
Marco.

crossbar: the iron prongs pass through it with 
the points separating and being bent back into 
the crossbar itself without coming into contact 
with the panel. The vertical crossbars are in a 
dense wood (chestnut) and are firmly anchored 
to the panel, each with a pair of nails, placed 
above and below the hanging hardware.

It can be thought that the painting was in-
tended to be displayed on the tramezzo of the 
church on which it rested with a slight tilt for-
ward as it appears from the Giottesque frescoes 
of Assisi. The rings contribute to reinforcing the 
painting in the upper and central parts, while 
the rings on the arms serve as stabilizers, like 
a counterbrace. In this position the elements of 
the support receive planar deformation stresses 
that are very strong, especially in the areas of 
the half-lap join and therefore the crossbar sys-
tem and the metal tie-points serves to strength-
en the whole and oppose these tendencies, serv-
ing, in turn, to absorb and distribute the stresses 
from being pulled and suspended at an angle 
across the surfaces of the panel.

An elegant frame carved with a foliate pat-
tern and gilded was applied with glue and nails 
around the perimeter of the painting for a width 
of about 6 cm. It has a primarily aesthetic func-
tion of finishing the edges of the painting without 
contributing a structural function or protecting 
the edges of the panel, except as a cover for the 
numerous nails that anchor the crossbars. The 
border of the support was protected and finished 
with a ground layer of gesso and glue followed by 
a layer of red ochre that also extends to the un-
derside of the carved leaves of the frame.11 This 
material is also found on the edges of the panel 
and on along the crossbar that flanks it. This fea-
ture also contributes to the decoration of the bor-
der and supports they idea that this was located 
in the center of the church. There is no trace on 
the back of the support of any protective applica-
tion of gesso and glue, or minium.

The crossbar system, as mentioned previ-
ously, is well-distributed across the surface of 
the panel respecting fairly regular intervals, for 
instance the horizontal crossbars have a space of 
about 30 cm between them. Consequently, the 
dimensions that the cross had before the bottom 
was cut can be extrapolated. The last horizontal 
crossbar is about 20 cm from the cut edge; using 
this measurement we can add 10 cm to complete 
the interval and about 8 cm for the width of the 
missing crossbar. Beyond this point which we 



231

Ciro Castelli, Mauro Parri, and Andrea Santacesaria, Giotto’s Crucifix of Ognissanti:  Construction technique, condition …

this damage is due to stresses and vibrations 
that occurred at a time while the painting was 
moved. Furthermore, even the panel has a crack 
in the center about 50 cm long, reinforced along 
the first 20 cm in a previous treatment.

Another important event negatively affect-
ed the condition of the painting and its integ-
rity: in examining the support on the back of 
the left arm, it is evident that one part of the 
lower horizontal length is missing for about 37 
cm; furthermore, in the same area the surface 
of the panel is very deteriorated with deep ero-
sion from wood-boring beetles (Figs. 24–25). 
Even on the front, the corresponding area has 
many losses of paint. Probably an infiltration 
of moisture caused a severe expansion of the 
panel in this area causing the loss of paint on 
the front and deterioration of the wood mate-
rial on the back. In particular, the moisture trig-
gered mold and insect activity so as to cause the 
loss of surface material of the panel and of all 
the reinforcement crossbars around the area 
affected. This damage, though localized and 
limited, is very important also because it under-
mined an important reinforcement point of the 
half-lap join of the panels. In fact, just looking 
on the painting at the line of the join between 
the vertical body and the horizontal arm, before 
the restoration, a greater distance between the 
elements is seen specifically in this weakened 
area. The support therefore has less rigidity and 
a greater tendency to flex horizontally over the 
span of the arm. Therefore, any movement of 
the Crucifix can cause the structure to undergo 
excessive stresses and deformations.

The panel has some limited cracking due 
to the natural contraction of the wood. One 

Condition of the support
In general, almost all the original elements of 

the wood support display a good state of preser-
vation in keeping with the characteristics of the 
materials, the timespan of aging, and the kind 
of structure. There are two important moments 
that affected the integrity of the painting as well 
as its mechanical solidity.

As we mentioned earlier, the Crucifix is 
lacking the scene of Golgotha at its foot (Figs. 
22–23). Observing the lower part, a cut can be 
seen that marks the panel and crossbar, though 
above the hypothetical line of contact with what 
was probably a trapezoidal base. Currently, the 
lower part of the support appears to have been 
cut along an arbitrary line that does not re-
spect the intervals of the crossbar system. The 
cut leaves the ends of the vertical lengths prac-
tically free without an anchorage to the panel 
near enough to provide reinforcement to what 
is now the base, nor is there a connecting cross-
bar between the two verticals. In fact, the lowest 
original crossbar is at 21 cm from the bottom 
edge and the nails that join the panel and cross-
bars are about 23 cm from the edge. Moreover, 
the lower portion of the support shows that 
the distribution of the original crossbars were 
placed at relatively regular intervals of about 30 
cm on average. The cut at 20 cm from the last 
crossbar has essentially interrupted this system 
and taken away strength from the whole area. 
The effects of this can be seen by observing the 
ends of the vertical lengths on the back: on the 
left the vertical length is completely cut at the 
height of the horizontal crossbar while on the 
right it is cracked and very deteriorated with 
losses of wood material. We can suppose that 

22. Detail of the truncated bottom where the cut was made 
without regard to the crossbar system units.

23. Detail of the deterioration at the ends of the vertical cross-
bars.
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infiltration (in the right arm as seen front the 
front), the water-damaged leaves have lost 
their gilding and preparation. Other lengths 
of frame have been substituted, in particular 
two large areas of repair can be cited: in the 
lower right we find a vertical segment of frame 
about 40 cm long that is completely redone 
and in part fitted into a rectangular slot in the 
support; on the arm with Saint John the entire 
upper length was substituted, corresponding 
to the area damaged by moisture. New parts 
of the frame were found also along the two 
quarter circles that link the body to the arms 
on the underside; in this case it is possible that 
the cause of the deterioration and the loss of 
original materials is due to wear and damage 
from ropes or braces used to move the painting 
in the past. Most likely the repair of the frame 
and the substitution of some parts goes back to 
the Mostra Giottesca of 1937.

The Conservation Treatment of the Support
The conservation treatment of a work of 

art, in terms of the support and the painted 
surfaces, follows criteria and a sequence of 
procedures established over many years in our 
Laboratory according to which it is not possi-
ble to treat an object without first understand-
ing its materials and techniques. Naturally, a 
careful examination of the condition is neces-
sary in order to completely verify if the general 
state of solidity and stability of the structure 
puts at risk the integrity of the object, both in 
the short and long term. The analyses in this 
regard have been described previously and 
they have highlighted the major needs of the 
painting for its best future preservation. We 
therefore embarked on a treatment aimed at 

of these is present in the center of the verti-
cal section, probably favored by the insertion 
of the nails of the crossbars. This crack passes 
through the paint surface beginning under 
the halo and extends about 85 cm. Further-
more, even the piece that makes up the halo 
has cracking along the grain. The contraction 
phenomenon of the wood is also concentrated 
along the boundaries of the half-lap join of the 
panel where the wood sections are oriented 
with the grain perpendicular. As mentioned 
previously, on the right when facing the paint-
ing, the gap was more evident due to the lack 
of crossbar on the back. Overall, the support 
shows mild evidence of attack by wood-boring 
beetles, both from the Anobid and the Ceram-
bycid families, with a modest number of exit 
holes on the border and the back.

As a whole, aside from the factors men-
tioned, the support has held up admirably over 
time. Other phenomena can also be noted that 
have marked the appearance of the work of 
art, fortunately localized and not affecting the 
stability of the structure. For example, at the 
ends of the arms, the terminal panels with the 
Mourners have had the points trimmed with 
the removal of the edge of the panel and gilded 
frame for about 10 cm on each side; the points 
were rebuilt and attached in a previously res-
toration which fixed them directly to the main 
support, each with a pair of screws.

Another feature relates to the perimeter 
frame which is already, in itself a fragile and 
delicate element subject to wear. Over the 
course of time, many of the foliate parts that 
project beyond the external contour of the 
crucifix have been lost or eroded by wood-
boring beetles. In the area struck by moisture 

25. Deterioration from wood-boring beetles concentrated in 
the area that was subjected to an infiltration of moisture.

24. Detail of the area of the original crossbar of the arm that was 
completely destroyed.
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removing the factors that could aggravate the 
natural aging phenomena of the painting, be-
ing quite careful to avoid procedures that were 
oversized in proportion to the actual needs of 
the artwork. The excessive addition of mate-
rials not only makes the restoration more ex-
posed to deterioration, but affects in a more 
significant way the materials and the evidence 
of the original technique, causing serious dam-
age to the artwork understood as a document 
of time period, of a region, or of a workshop.

The treatment on the wood support of the 
Crucifix of Ognissanti was carried out in the 
spring of 2009. In the summer of 2004, there 
was a prelude to the treatment in the form of 
a de-infestation carried out by R.G.I. of Ge-
noa.12 The Crucifix was placed inside a large 
oxygen-barrier enclosure where the internal 
atmosphere was modified to be anoxic (about 
0.2% oxygen). The temperature and the hu-
midity were stabilized and monitored at values 
of 20°C and 55%RH. After four weeks the en-
closure was opened and the painting was pro-
tected with the insecticide Permetar applied by 
brush with the aim of deterring future attacks 
by wood-boring beetles. During the almost five 
years from the de-infestation to the treatment 
of the support itself, no new insect damage was 
seen; in any case, the effects of the active agent 
of permethrin would have dissipated allowing 
for work to proceed on the support without 
risk of exposure.13

Given the general condition of the support, in 
order to turn the crucifix and position it in a way 
that permitted work on the back, a structure was 
created with fir wood posts in contact with the 
front and back of the horizontal arm so as to cre-
ate an effective reinforcement that would prevent 

the possible and dangerous flexing due to the ab-
sence of that portion of crossbar (Fig. 26).

On the panel, the eroded areas on the arm 
in correspondence with the missing cross-
bar have a significantly weakened surface and 
heavy deterioration, and like the areas affect-
ed by the tree-ring separations, they required 
proper consolidation. In the same areas, and in 
general across the entire back of the support, a 
large quantity of dust and dirt had filled the var-
ious surface recesses, among them the crevices 
between panel and crossbar, small cracks, and 
gaps in the tree ring separations of the planks. 
The particulate matter had formed a thick lay-
er on the eroded areas and would have been 
an obstacle to any consolidation procedures. 
Therefore, the back of the support underwent 
a careful cleaning to remove these superficial 
deposits. The cleaning was carried out in stag-
es starting with the bulk of the matter removed 
by brush, surgical pick, and vacuum suction. 
Then a Wishab sponge was used, and finally, to 
obtain a cleaner surface, the remaining grime 
was wiped away with slightly damp sponges. 
During the cleaning, the original markings ap-
peared (Figs. 27–33).

The support was consolidated with a 7.5% 
solution of Paraloid B72 diluted in ethyl ac-
etate and applied by brush to the entire sur-
face, especially thoroughly in the eroded ar-
eas to obtain a better effect (Fig. 34). In fact, 
in the areas affected by moisture, the wood of 
the panel also needed a surface reconstruc-
tion that was carried out with small, very thin 
pieces of aged poplar, glued with the PVA ad-
hesive Bindan to create a new, more compact 
surface that would be more resistant to future 
deterioration. In other areas, the panel showed 

26. Moving the crucifix before the treatment of the support was 
carried out with a reinforcing structure on the arms.

27. Detail of the back of the panel before treatment.
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signs of localized erosion and these areas were 
in turn reconstructed with the same technique 
(Figs. 35–37). The deep, central crack that runs 
vertically through the center of the plank with 
the body of Christ was cleaned thoroughly and 
reinforced by inserting a series of thin slivers of 
aged poplar glued with Bindan (Fig. 38). With 

the same technique, the crack up high in the 
center of the panel with Christ Blessing was 
mended (Fig. 39).

The parts of the support affected by ring 
separations were consolidated and integrated 
so as to re-connect the separated areas and 
prevent dust and other external agents from 

28. Deposits of dust between the separated growth rings of the 
wood.

29. Removing the dust with a medical pick.

30. Deposits of dust with rosemary leaves.

31. Stages in surface cleaning by brush and vacuum suction.

32. Stages in cleaning with Wishab sponges.

33. The panel after cleaning.
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infiltrating and further aggravating the 
condition. The treatment was carried out by 
cleaning and slightly clearing out the gaps 
between the separated and deformed rings. 
Then the areas were filled with balsa wood 
glued with Bindan. This choice was deemed 

the most appropriate way to close the openings 
without resorting to removing portions of 
original wood, nor needing extensive repairs 
with new wood (Fig. 40).

Along the crossbars, numerous small cracks 
had opened up from the natural contraction of 

34. Consolidation of the wood with Paraloid B72 applied by 
brush.

35. Erosion on the terminal with Christ Blessing.

36. Repairs with wood inserts of the eroded areas.

37. Repairs with wood inserts of the eroded aras.

38. Reinforcement of the central crack.

39. Reinforcement of the crack and of the losses on the terminal 
with Christ Blessing.
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is toward the interior of the structure, would 
attach to the part that crosses over the junction 
between vertical and horizontal, while in the 
other direction, toward the end of the arm, it 
joins the end portion, and rests parallel to the 
grain of the plank of the panel. The section 
of crossbar on the right, furthermore, besides 

the wood. These were reinforced with slivers 
of aged fir wood glued with a mixture of the 
epoxy resins Araldite AW 106/HV 953U (1:0.8) 
and Araldite SV 427/HV 427 (1:1) in a ratio of 
1:1 (Fig. 41). Furthermore, the crossbars had 
some major losses at the ends, for example 
the lower portions of the vertical lengths and 
the right end of the upper horizontal crossbar. 
Each area was reconstructed with pieces of 
aged fir forming a block that was in turn se-
cured to the existing crossbar by wood dowels 
and a mixture of the same epoxy resins (Figs. 
42–52).

The most significant part of the treatment 
was reconstructing the large missing portion 
of the horizontal crossbar of the arm. We have 
already described the structural importance of 
this section of crossbar in holding together the 
half-lap join of the planks of the panel. It was 
necessary therefore to recreate a strong bond to 
guarantee the solidity of the whole. In particular, 
the section concerned, on the right side, that 

40. Filling of the gaps between growth rings with balsa wood 
strips.

41. Repair of the small splits in the crossbars.

44. Preparing to reconstruct the end of the crossbar.

43. Detail of the break.

42. The long horizontal with a loss at the end.
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being very eroded, is not well-anchored to the 
panel because it ends far from the nail holding 
it. It was therefore necessary to anchor the new 
piece beyond the nail, creating a more extended 
bond with the adjacent portion of crossbar. 
This is why the point of contact was extended 
along the whole length of the crossbar on the 

right and not limited to a local and superficial 
adhesion in the area of contact.

Consequently, the right crossbar was cut half-
way through with a longitudinal cut parallel to the 
surface of the panel, (Figs. 53–54) and two parallel 
channels 2 cm wide and deep were made in the 
part remaining in place into which were inserted 

47. The reconstructed part with the dowels inserted.

46. The reconstructed part with the dowels detached.

45. The reconstructed part is attached with two dowels inserted 
into the original.

48. The reconstructed part toned to match the original.

49. The reconstruction of the end of the vertical length on the left.

50. The detached portion.
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two chestnut lengths (Figs. 55–58). These strips, 
about 2 cm thick, are about 70 cm long and skirt 
the central part where the nail is inserted; they 
extend along the edge of the vertical crossbar on 
the left until they touch the remains of the cross-
bar at the end of the arm (Figs. 59–62). The two 

lengths are joined firmly to the crossbar and pro-
vide a connection to the most external part with 
which they are attached in the simplest way, with 
a pair of wooden dowels each. The whole is glued 
with a mixture of epoxy resins Araldite AW 106/
HV 953U (1:0.8) and Araldite SV 427/HV 427 

51. The reconstruction of both ends.

52. The reconstructed ends toned to match the original.

53. During the separation of the upper part of the crossbar.

54. Separation of the crossbar piece in order to allow for the 
creation of a more solid anchorage.

55. Channels made with an electric router.

56. The cut into the crossbar made to hold the connecting 
elements.
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(1:1) in a ratio of 1:1. The operation of reinforce-
ment and bridging also uses pieces of chestnut 
that fill the spaces between the strips and together 
hold and surround the shaft of the nail that in this 
way returns to perform its function of anchorage 
with the large head resting on the new insert. In 

our system of connecting the eroded crossbars, 
the chestnut elements make for a strong core that 
fits inside the original fir crossbar; this core was 
then covered externally by aged fir. For the part on 
the right, the surface portion of the cut crossbar 
(temporarily set aside) was excavated in such a 

57. The two chestnut connecting pieces.

58. The two chestnut connecting pieces in position.

59. The connecting pieces are attached with two strong dowels 
inserted in the original crossbars.

60. Overall view of the two connecting pieces in position with 
chestnut inserts filling the space between them; the portion of 
the original crossbar has two notches to accommodate the pro-
jecting parts of the reconstruction.

61. The shaft of the nail surrounded by the reconstruction.

62. Gluing the connecting elements and the portion of original 
crossbar.
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way as to house the interlocking core of chestnut 
and was then repositioned and adhered with the 
same adhesive used previously. The area needing 
reconstruction was repaired with inserts of aged 
fir glued with Bindan (Figs. 63–67).

For the conservation treatment of the frame, 
a choice was made not to substitute the carved 

parts inserted in 1937 because the wood seemed 
to be stable, but rather to adjust the carving 
where necessary.14

The support was again protected with Perm-
etar insecticide applied by brush. Subsequently, 
the painting was again turned around with the 
help of the structure used before, now with a 
purely precautionary scope, because the whole, 
thanks to our treatment, had regained a great 
part of its lost solidity.

The Crucifix of Ognissanti required further 
attention, above all in view of the transportation 
to and re-installation in the Church of Ognis-
santi. In its last months at the Laboratory, the 
Crucifix was raised and positioned vertically to 
allow for the final phases of conservation and 
the final photographic documentation. For this 
series of movements, some procedures were car-
ried out for the safety of the painting. Specifically, 
the lower weight-bearing surface was given an 
oak strip anchored to the reconstructed part of 
the vertical crossbars. Thus the painting would 
not rest directly on the ground but on a base; 

67. The re-connected area after treatment.

63. The horizontal crossbar, connected and consolidated.

64. The chestnut connection surfaced with aged fir pieces.

65. The reconstructed surface surrounding the nail shaft.

66. The reconstruction is carved to the same shape as the origi-
nal crossbar.
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furthermore, this element serves as a grip at the 
bottom when the painting is positioned on the 
metal structure built for its display in the church, 
avoiding contact between the metal brackets and 
the painting surface (Fig. 68). Furthermore, in or-
der to position the Crucifix vertically (especially 
thinking of transport to the church), and foresee-
ing a series of both major and minor movements, 
a large structure was readied that enclosed the 
entire vertical section of the painting from the 
bottom to the top and offered a base for lifting it 

without risk from the ground, and firm anchor-
age points for the hoisting ropes that allow for it 
to be raised from the floor of the Church up to the 
metal bracket in the upper chapel. Furthermore, 
the specific assembly technique of the frame-
work allowed for it to be smoothly dismantled 
right next to the metal structure that would then 
support the painting in its final position, allow-
ing for a swift transition for the Crucifix between 
structures and reducing the risks that could arise 
in the final phases of installation (Fig. 69).

68. Detail of the bottom of the Crucifix. A new oak element 
provides a resting surface for protection.

69. The final stages of preparing the painting for transport after 
the conservation treatment with a reinforcing structure that 
was also planned to accommodate installation in the church.

1 The painting, as we will see later, has had 
the base with Golgotha removed. There are 
also losses to a section of the bottom of the 
panel and of the two outer points of the termi-
nal panels with the Mourners; consequently 
the current vertical and horizontal dimen-
sions do not correspond to the original.
2 Poplar wood is quite suitable, in addition, 
there is good homogeneity in the wood grain 
and the weight is less which has allowed for 
the creation of artworks of large dimensions.
3 It is important to remember that there is 
evidence of paintings on panel before the 12th 
century such as the Madonna della Clemenza 
from the 8th century or even the small ar-
cheological tablets from Fayum representing 
expressions of a private use.
4 Evidence of the high quality reached by 
Italian carpentry around the year 1000 is found 
in R. W. Symonds, “Il mobilio nell’epoca postro-
mana,” in Storia della tecnologia, Turin 1981.
5 A very detailed, thorough study of the 
wood structure of the Crucifix was made 

by Anna-Marie Hilling in the diploma the-
sis entitled “Progetto di restauro della Croce 
di Ognissanti. Lettura dell’opera, ipotesi 
dell’intervento ed esperienze di pulitura,” 
Scuola di Alta Formazione, Opificio delle 
Pietre Dure, 2004.
6 As described earlier, the panel has suf-
fered the loss of the last portion at the bottom 
and the join with the panel with Golgotha.
7 See the record S. 1233.3 at the Laboratorio 
Scientifico of the Opificio
8 A defect due to freezing that is found 
largely in chestnut timber but can also be 
found in poplar.
9 Most likely, this structure also respects 
the criteria of inserting nails into holes made 
with a carpenter’s brace (menarola or girabac-
chino).
10 Specifically, these are the crosses of 
Cimabue, of Lippo di Benivieni, and the 
Master of Figline in Santa Croce, that of 
Giotto in Rimini, and that of the Giottesque 
school in the church of San Marco.

11 The identification was possible with XRF 
and FORS analysis.
12 The treatment was carried out by Ercole 
Gialdi, Federica Di Sanno, and Simone 
Orecchia.
13 It is our conviction that a de-infestation 
and the subsequent application of Permetar 
insecticide should take place at the end of the 
treatment on the panel so as to not send the 
material into circulation and inhale the insecti-
cide when working. It is true though that some 
objects that have an evident insect attack un-
derway need a de-infestation treatment imme-
diately. In this case we could choose an anoxic 
treatment and then proceed with the structural 
treatment and finally apply the permethrin in-
secticide. Otherwise we would have had to use 
appropriate respiratory protection.
14 For a complete description of the restora-
tion of the frame, see the separate chapter on 
this subject by P. Bracco, O. Ciappi, and A. M. 
Hilling (in L’officina di Giotto: Il restauro della 
Croce di Ognissanti).
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The restoration of the Linaioli Tabernacle repre-
sented an important occasion for the study of a 
panel structure with a very unusual shape that be-
longs, as we will see, to a transitional period be-
tween traditional medieval construction methods 
and subsequent Renaissance production. This spe-
cial quality, that most likely makes this painting by 
Fra Angelico the last exemplar of the old construc-
tion practices, has resulted in some visible damage 
to the object. Thus, the study undertaken here has 
allowed for the planning and creation of a restora-
tion treatment that is tightly linked to the deterio-
ration factors present that also heavily influence 
the reading of the iconography. These conditions 
derive from its very construction technique and 
are common to many large-scale paintings of the 
early Quattrocento. As we have had a chance to 
analyze,1 the paintings made between the thir-
teenth and fifteenth centuries are in general very 
solid, well-made, and resistant to the passage of 
time. The structure of the Tabernacle is typical of 
a large wooden construction, both from the point 
of view of the technique used, and from that of the 
historic use of the object. Considering the kind of 
painting, it incorporates within itself both a mon-
umental scale and a refined execution.

The great Tabernacle closes with two hinged 
doors, in part still functional, demonstrating the 
level of specialization and quality of the artisans 
who worked in this discipline in the fourth de-
cade of the Quattrocento. But it is also true that its 
unusual characteristics rely on a very rigid panel 
restraint system and a large frame that that is in-
tegral to the panel and contributes to restrict the 

forces of the wood. While these are mostly posi-
tive factors for the preservation of the artifact, in 
large-scale paintings, tensions are created that can 
cause cracking in the support as the wood ages. 
The study of the structure, down to the smallest 
detail, revealed important evidence that the work-
manship still maintained the construction criteria 
of the thirteenth and fourteenth centuries, found 
similarly in the great arched altarpieces of Ci-
mabue, Duccio, and Giotto, made more than thir-
teen decades earlier.

Before and during this study of the Tabernacle, 
other paintings by Fra Angelico were examined. 
These assessments brought to light the reality of 
a painter who created a wide variety of objects, 
among them: triptychs, polyptychs, small panels, 
rectangular altarpieces (like the Cortona Altar-
piece and the Coronation of the Virgin of the Gal-
lerie degli Uffizi), and arched ones, (like the Coro-
nation of the Virgin of the Louvre). Fra Angelico is 
thus a painter who, through his art, demonstrates 
a pathway that traces a dividing line between late 
Gothic culture on one side, and on the other side, 
the development of a momentum for renewal. 
Such characteristics are evident on the pictorial 
surface where there is a greater command of the 
use of perspective,2 but above all, stand out in the 
construction of the wood support. In fact, all of 
his paintings until the middle of the third decade 
of the Quattrocento are made in a so-called medi-
eval way. With the Annalena Altarpiece, there is a 
complete shift that affects all the paintings that Fra 
Angelico makes subsequently. These innovations 
involve the panels at all levels: from their shape, to 

This text was originally published in Italian as:
Ciro Castelli, Mauro Parri, and Andrea Santacesaria, “Il Tabernacolo dei Linaioli, il support ligneo.” In Marco Ciatti and Magnolia 
Scudieri, editors, Il Tabernacolo dei Linaioli del Beato Angelico restaurato, pp. 89–100. Problemi di conservazione e restauro, 30. 
Florence: Edifir, 2011. Translated by Helen Spande.
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the innovative attachment of the partially-sliding 
crossbars, to the frames that are no longer inte-
gral to the panel. Examples are the San Marco Al-
tarpiece, and that of Bosco ai Frati, and the ones 
that followed. The innovations infected his closest 
collaborators, Filippo Lippi, and the students Za-
nobi Strozzi, Benozzo Gozzoli, and Domenico di 
Michelino, and spread to other Florentine painters 
who in turn added their own adjustments. These 
changes around the middle of the fifteenth century 
also affected the Sienese painters who worked on 
the panels for the Duomo of Pienza.3

The Construction of the Wood Support
The monumental arched structure is made of 

various elements that are closely connected: the 
main altarpiece panel support with its crossbar 
reinforcement system and the precious frame; the 
two doors that close, each painted on both sides; 
and the three painted scenes that form the front 
panel of the predella at the base.

The main part of the altarpiece with the Ma-
donna and Child is definitely the most complex 
and carefully defined element, consisting of the 
weight-bearing structure that allows for the inser-
tion of the hinges that secure the doors through 
the frame and the support. Considering the no-
table thickness of the sides of the structure and 
the lack of finish on these parts, it is reasonable 
to imagine that the painting was planned to be in-
serted within a stone frame in a wall. The instal-
lation attachments probably included two iron 
pieces that extended from the sides of the paint-
ing and anchored laterally in the wall. Since these 
were eliminated in the past, what remains of this 
early plan are two cylindrical holes on the sides 
halfway up. An additional attachment was present 
at the top of the arch, halfway through the edge of 
the panel and that allowed the painting to be safely 
held upright inside the niche. It was composed of 
the combination of two soldered metal lengths, 
inserted in a hole made diagonally from the top, 
inside of the splayed frame, and emerging on the 
reverse; this element has a forked shape in the 
upper part and, secured with a kind of wing-nut, 
found a solid grip on a threaded iron piece in the 
wall; at the other end, the two points that are not 
soldered diverge and are inserted in the crossbar 
lengths assuring an excellent grip for the anchor-
age system (Fig. 1).

The panel is composed of five vertical planks 
of poplar, each 3 cm thick (Fig. 2). Wood is a typi-
cally anisotropic and heterogeneous material and 

therefore to understand the characteristics of 
the structure, it is useful to describe each plank. 
The first from the left, as seen from the back, is 
26 cm wide, with a sub-radial cut with a relatively 
straight grain, an average and relatively regular 
texture without knots or particular defects. The 
internal surface is facing toward the preparatory 
layers.4 The second is 36 cm wide with an interme-
diate cut close to sub-radial with tangential parts 
in the center, a curvilinear grain, a medium, rela-
tively homogeneous texture, except for the central 
part of the plank. The tree rings are relatively pro-
nounced and have a distance between them that 
varies from 5 to 11 mm. The third is 36.5 cm wide 
with a diametrical cut, shows some knots, and has 
a medium texture with irregularities in the areas 
around the knots, and a moderately curvilinear 
grain. The fourth plank is 35.5 cm wide with a cut 
near sub-tangential (with two wide flame figures), 
a slightly curved grain, and a more or less homog-
enous wood consistency depending on the area. 
The fifth is 43 cm wide, the cut is quite close to the 
diameter, the grain is nearly straight, slightly pro-
nounced, and the consistency is not very homoge-
neous. Worth noting is a small horizontal fracture 
in the grain of the wood.

The planks are butt-joined, the joins are per-
fectly aligned, and there are no internal connect-
ing elements. The panel, once assembled, was 
planed smooth both on the side that would receive 
the ground layers and on the back. This was car-
ried out with a small plane working horizontally. 
The planing of the front face can be described as 
flawless in that the difference in the thickness in 
the gesso of the ground is barely seen and no dis-
ruption of the wood grain is visible. The back of 

1. Detail of the iron attachment at the top of the altarpiece.
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the support was carefully planed with the same 
tool and working criteria but somewhat less care, 
yielding a more or less extensive disruption of the 
wood grain. On the back of the panel, four planks 
have been attached in a kind of wide crossbar sys-
tem; the lowest is 36.5 cm wide, that in the cen-
ter (starting 1 meter from the bottom) is 36 cm 
wide, while at the top two planks together (the 
lower measuring 51 cm and the other of 36.5 cm) 
cover the entire arched portion totaling 87.5 cm. 
These three elements are 3.5 cm thick, of a me-
dium grade, using cuts of wood that are relatively 
central within the trunk with knots of various sizes 
(Fig. 3). The grain is quite non-homogeneous and 
finishing has been done with a plane. They are at-
tached to the panel with a calcium caseinate glue5 
and with several nails inserted from the front, with 
the heads well recessed under the surface of the 
panel and isolated with small plugs of poplar so as 
not to affect the preparatory layers (Fig. 4). This 
measure calls for a longer working time with re-
spect to a simple fill or the application of layers of 
canvas or parchment over the heads of the nails 
and shows a sophisticated technique character-
istic of some elegant medieval structures like the 
Crucifix of Santa Croce by Cimabue, or Renais-
sance panels, like the San Zeno Altarpiece by An-
drea Mantegna.

On three sides of the perimeter of the front 
surface (on the vertical sides and on the upper 
arch) the robust splayed frame pieces have been 
applied. These overlap the panel with a width at 
the base of 14.5 cm and are 19.5 cm thick. The two 
straight vertical sides are each made of a single 
element of poplar carved from the middle of a 
trunk with the shape in cross-section of a right 

trapezoid. The arched part is made by overlapping, 
in six layers, numerous sections of poplar, custom-
cut and carved to obtain together the matching 
trapezoidal profile. The curved part is made with 
a laminated system with the various pieces nailed 
and glued to each other in a staggered way so as 
to create a very tight and solid structure (Fig. 5). 
The areas of contact between the curved and the 
vertical parts of the frame do not meet with a flush 
surface: in fact, the two upper layers interlock in 
matching sites on the vertical strips in a way 
that provides a strong connection between the 
elements of the frame and together reduces the 
risk that the intersection between arch and straight 
portion becomes conspicuous on the paint surface. 
The frame is secured to the panel with glue and 
nails inserted from the back. To make the panel 
more rigid and resistant, additional strips were 
applied around the perimeter of the back, fitting 
in between the horizontal crossbars precisely. 
Triangular-shaped pieces of poplar were inserted 
in the corners to complete the structure on the 
back of the panel (Fig. 6).6 Looking at the structure 
of the back, the reinforcement is impressive and 

2. Diagram of the construction of the panel of the altarpiece.

3. The crossbars applied to the altarpiece.

4. Detail of an X-ray showing a nail anchoring a crossbar to the 
panel. Note the wood plug that covers the head of the nail and 
isolates it from the ground and paint layers.
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the overlapping of several elements make the 
whole extremely solid. The reason for this can be 
found in the specific function that this structure 
had to carry out in order to allow the doors to 
open. The central altarpiece had to provide a 
solid anchor point to support of the weight of the 
projecting doors and to allow for their swinging 
motion. This is why, for each door, three hinges 
with deep iron straps (gangherelle) were inserted 
fully into the frame, emerging on the back in a 
double-forked trunk (Fig. 7). Of this hardware, 
only the central elements currently remain, and 
these, in any case, no longer carry out their original 
function because the connecting dowels have been 
cut out. The four other iron straps were removed 
and substituted with hinges screwed on the sides 
in a relatively modern period. Additionally, three 
metal elements were inserted from the top and 
halfway up the sides (of these only the one at the 
top is still present) that serve to firmly anchor the 
altarpiece to the wall and hold the entire weight of 
the structure which could be subjected to a major 
weight shift forward at the moment when the 
doors are opened.

On the front side, another frame serves to 
connect the large splayed frame and the panel 
surface. It is 8 cm wide, with a 3 cm flat portion 
and a carved portion of 5 cm. The arched part of 
the frame is made of three curved segments; all 
of the elements are secured to the panel with glue 
and nails. The join between the vertical sides of 
the frame and the lower element is made with 
two cuts: square in the flat part with the verti-
cals extending through, and at a 45 degree angle 
in the carved part. This technique, widely used in 
woodworking for furnishings of churches and civil 
palaces, is usually applied in the construction of 

large doors and windows in that it also provides a 
greater stability to the whole join.

The altarpiece is closed on the bottom by a 
simple plank of poplar 177 cm long, 26 cm wide, 
and 3 cm thick that covers the entire depth of 
the altarpiece including the frame and crossbars. 
It gives a certain strength and integrity to the 
splayed frame, the panel, and the crossbar on the 
back, elements to which it is still secured by an old 
series of long nails. This plank does not belong to 
the original structure of the Tabernacle but comes 
from an adjustment carried out during an old re-
pair to the painting or at the time in which the pre-
della was taken apart and divided into what is now 
three pieces.

We can conclude with confidence that origi-
nally there was a plank placed at the base and se-
cured to these parts of the altarpiece; in fact a dif-
ferent color of wood clearly appears where contact 
protected the wood from exposure, maintaining a 
lighter, clean area. This area is furthermore per-
fectly smooth, above all, where the two ends of the 
great frame and of the frame applied to the main 
support are (Fig. 8). On the ends of the main frame 
there are visible traces of glue that serve as evi-
dence of the attachment to the bottom plank. The 

5. Construction of the splayed frame. The arched form is made 
of six laminated layers.

6. On the back, short lengths and triangles of wood add rein-
forcement to the structure to accommodate the anchorage of 
the heavy front frame.

7. X-radiography detail showing one of the original iron hinge 
straps (gangherelle), now unused, that remains in the panel.
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base, different from that which is currently present, 
was slightly larger and extended forward another 
eight centimeters; it is not possible to determine 
if the front side was smooth or carved to match 
the frame of the lost predella box. The loss of this 
plank can be ascribed to different causes, among 
them wear over time and abrasions caused by fric-
tion with the doors, or damage from dismantling 
during various moves of the altarpiece over the 
centuries, especially during the eighteenth and 
nineteenth centuries.7 On the back of the altar-
piece, there are numerous areas of grey fill made 
of sparry calcite in a protein binder,8 probably ap-
plied originally on areas considered delicate and 
therefore to be protected as was a typical way of 
treating the finishing of these artworks. These ar-
eas correspond to the metal hardware, the knots, 
defects in the wood, areas along the joins, and be-
tween the crossbars and the panel. The same kind 
of fill material is found on the three small panels of 
the predella as we will see later (Fig. 9).

The two doors are similar in structure to each 
other. They are painted on both sides and are made 
of a panel with a surrounding perimeter frame. 
The door on the left has a figure of Saint Mark on 
a dark background on one side and Saint John the 
Baptist on a gold ground on the other. It is the one 
made to close first against the altarpiece, while the 
other door, with Saint Peter on a dark background 
and Saint Mark on a gold ground, completes the 
closure of the tabernacle resting against the other 
door and having, on its inside, a latching mecha-
nism with an internal bolt catch seen by X-radi-
ography. The two doors are edged with the same 

system used commonly for double doors: that is, 
in the area where they make contact on closing, 
they have a shape with three stepped levels that 
perfectly align so as to isolate the inside area from 
eventual deterioration factors (such as excessive 
humidity or dust) present in the surrounding en-
vironment.

The right door has a panel 90 cm wide made of 
two poplar planks, both with a radial cut. Measuring 
from the hinge side, the first plank is 53.5 cm and 
the second 36.5 cm wide, both with a thickness of 
3 cm. The planks are butt-joined without internal 
connecting elements and they have traces of wood-
boring beetle damage that occurred before the 
ground was applied. Thanks to the X-ray and from 
the application of the ground, it is possible to see 
that the wood planks, once assembled, were planed 
with a small plane with the final passes carried out, as 
usual, horizontally (Fig. 10).9 On the front and back, 
the panel is edged by a perimeter engaged frame 
carved similarly to that of the central altarpiece. On 
the vertical sides and in the upper quarter-circle 

8. Detail of the underside of the altarpiece. Note the structure 
of the splayed frame created with a single poplar piece. Further-
more, traces of glue from a plank that closed this area originally 
can be seen.

9. A detail of the back surface in which numerous fills are seen, 
and on the sides, marks remain from old hardware for securing 
the altarpiece in the niche, now removed.

10. X-radiography detail of the left door in which traces of the 
diagonal planing of the panel are clearly visible.
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doors (three per door), of which four still function, 
allowing the doors to swing. The metal elements 
consist of a flat iron piece inserted into the panel 
of the doors within a cavity carved from the in-
ternal surface (that which shows the saints on a 
gold ground.) The hinges of each door have three 
different shapes according to their position. At the 
top, the hinge strap is 3.5 cm wide and curved; it 
is set within the panel and covered by the curved 
part of the frame. At the center, the hinge strap is 
3 cm wide and positioned vertically, again under 
the frame. At the bottom, the iron piece is again 
3 cm wide and positioned horizontally under the 
lower frame at a distance of about 18 cm from the 
bottom. All of the hardware has been inserted into 
fitted cavities with nails passing through holes 
that were previously made in the hinge strap. It is 
notable that the majority of the nails have almost 
always been inserted diagonally and in slightly dif-
ferent ways as seen in the X-ray film.11 The nails 
that hold the hinge straps at the bottom on the 
right are pointing upward while on the left they 
point down; those used in the center at the right 
are pointing out, while on the left they appear to 
be straight (rarely the point emerges from beyond 
the edges of the hinge strap); at the top on the 
right the nails were applied from the bottom up, 
initially toward the inside and then, moving to-
ward the outside, while on the left only the lowest 
nails appear to be present and some holes in the 
hinge strap clearly appear empty and unused.

At the base, the tabernacle has a predella with 
three painted scenes. Currently, these are three 
separate panels set within a single gilded frame of 
recent construction. Originally, the predella would 
have had the traditional box-construction with a 
plank placed horizontally in the front bearing the 

curve, the frame has a thickness of 2.4 cm and covers 
a width of 8 cm in total. At the bottom, we find two 
different measurements between the internal surface 
(with the figure on a gold ground) where the total 
width is 15 cm and that opposite where it measures 
10 cm (Fig. 11).

The same characteristics are found on the 
other door. It has a total width of 89 cm with two 
planks, also both radial cuts. From the hinge side, 
they measure 51 and 38 cm with a thickness of 
3 cm. Again these planks show old deterioration 
from before the construction of the panel.10 At the 
top, the panel has a small plank applied horizon-
tally to complete the shape of the last 14 cm, prob-
ably because of the limited length of the vertical 
planks available in the workshop.

Each of the two doors has a 3 cm thick, non-
original strip screwed to the bottom that is as 
wide as the entire width of the door. It is placed 
horizontally and worked so as to seem continuous 
with the outer surface, that is the smooth part of 
the gilded frame and the stepped border described 
earlier in the area where the doors meet. These el-
ements, in fact, increase the length of the doors 
at the bottom by 3 cm and seem to be the result 
of a modification to allow for display without the 
predella (Fig. 12). The X-ray shows the anchor-
ing screws and the shape of the old lower border 
of the doors. In this area, it is apparent that each 
door has a worn surface at the bottom, before the 
extension, probably from being subjected to fric-
tion and chafing against other elements among 
them perhaps the original plank that, as described, 
closed the bottom, extending out 8 cm so as to in-
corporate the depth of the closed doors.

Again, from the X-ray, it is possible to see 
clearly the six hinges originally present in the two 

11. Stages in the construction of the doors with the application 
of the frames on the fronts and backs.

12. The bottoms of the doors were extended at an unknown 
time with carved strips that were screwed on.
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outside, giving an obvious asymmetry to the pan-
els. There are, however, other very clear marks that 
may have been used during the assembly of the 
predella. These are vertical incisions made with a 
metal point and vertical red marks carried out on 
top of the fill. These last marks serve to establish 
the current structure because their spacing appears 
to follow a true symmetry which places the three 
scenes in an appropriate sequence. The panels were 
positioned so as to respect the space required by 
the iconography and in relation to the marks made 
in a horizontally aligned and vertically equidistant 

painted scenes and the frames of the borders with 
two additional horizontal planks applied above 
and below the painted plank. The three little pan-
els are made of poplar and have the same thick-
ness of 3.2 cm. The panels have the following mea-
surements: The Martyrdom of Saint Mark: 35.2 x 
53.5 cm; The Adoration of the Magi: 35.7 x 54 cm; 
and Saint Peter Preaching before Saint Mark: 35.3 
x 53 cm. Examining the wood grain in the X-ray 
allows us to determine that these came from the 
same plank because they have many features in 
common: the flame figure of the wood grain is off-
center toward the bottom and the texture of the 
wood is non-homogeneous with a curving grain 
and pronounced growth rings. Furthermore, these 
assessments confirm (as if it were necessary) the 
exact sequence of the scenes already determined 
before our treatment.

The wood of the panels has some observable 
characteristics that allow us to see a substantial 
difference between it and the wood of the altar-
piece: above all the greater compactness of the 
fibers, and furthermore a clearly greater specific 
weight (Figs. 13–15).

An examination of the three scenes by X-ray re-
veals two areas (to the right of the Martyrdom of 
Saint Mark and to the left of Saint Peter Preaching 
before Saint Mark) where there are clear signs of a 
series of vertical nails that must have secured the 
planks to elements at the extreme lateral margins, 
probably thick, strong iron sockets placed in cor-
respondence to the heavy splayed frame of the main 
altarpiece. Studying the back of the three supports 
also reveals very interesting details. What appears 
most noticeable are the rectangular areas on part 
of the back surface where, on the borders, there is 
a greater accumulation of gesso. It is useful to keep 
in mind that a consistent feature of the support of 
the tabernacle, both for the back of the main altar-
piece and the three predella scenes, is that fill mate-
rial was applied to every “delicate” area: the points 
of nails, the heads, the knots, and little imperfec-
tions, the joins between the planks, and between 
the panel and the crossbars were all carefully cov-
ered with the same grayish substance composed of 
sparry calcite in a proteinaceous binder.12 On the 
three small panels, these applications define quite 
precise areas. In Saint Peter Preaching the area is 
off-center toward the middle (that is, toward the 
Adoration of the Magi), similarly with the Adora-
tion it is near Saint Peter Preaching, almost mak-
ing for a kind of continuum. In the third scene with 
the Martyrdom, the area is off-center toward the 

13. The back of the Martyrdom of Saint Mark.

14. The back of the Adoration of the Magi.

15. The back of Saint Peter Preaching before Saint Mark.
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when the doors were open. In fact, the mounting 
of the whole tabernacle foresees, as a rule, first the 
placement of the base which could occupy nearly 
the full width inside the marble frame, and then 
the installation of the altarpiece that would have 
to be narrower to give space for the doors to open 
with a rotation of greater than 90° without being 
impeded by the marble frame on either side. From 
this reconstruction we deduce that currently, the 
front panel is missing 31.5 cm. If we consider 
that the painted margins of the predella scenes 
are complete and define the original dimensions 
of the scenes, the missing parts were wood and 
were covered by the frames. The predella had very 
strong sides with a thickness of over 10 cm so as to 
sustain the weight of the overlying structure and 
in particular the wide splayed frame that is found 
sitting in line with these. The front plank was at-
tached to these elements with nails inserted from 
the front, some of which are visible in the X-ray in 
the two side panels. There were probably only two 
internal dividers and they were found aligned with 
the unpainted parts between the scenes; these ele-
ments could have had a width of about 3 to 3.5 cm 
and were nailed to the front. On the painted panel, 
the scenes were completely surrounded by frames 
applied on the front and held with glue and small 
nails (Fig. 17).

way. Furthermore, examining the upper and lower 
edges allows us to see that, at the top, the panels 
may not have touched, while at the bottom they 
may have been cut down somewhat. This is then 
supported by the decidedly downward shift in the 
original position of the flame figure from the center 
of the plank. As far as regards the distance that the 
three scenes should have between them, it is useful 
to note that though on one hand the vertical incised 
lines help us to find parameters, on the other, deter-
mining this with precision is made difficult by the 
thick application of wax on the back of the Saint 
Peter Preaching; this layer does not accurately allow 
us to see marks on the back, except for the shape of 
the gesso fills. We can, however, imagine that the 
missing part of panel between the scenes would 
have covered 3 to 3.5 cm and it is along these ar-
eas that we find vertical dividers inside the predella 
box, held, as is traditionally done, by nails inserted 
from the front and therefore covered by the frames 
that border the scenes (Fig. 16).

In summarizing all the hypotheses about the 
original structure of the predella formulated up 
to now, it is useful to consider the original marble 
frame that holds the tabernacle in the Museum of 
San Marco13 and the measurements that have be-
come an important reference. The niche that holds 
the painting has a total height of 361.5 cm and a 
width of 192 cm. The altarpiece is 289.5 cm high, 
the upper hook for securing it extends 4 cm; if we 
subtract the height of the altarpiece (289.5), the 
space of the lost marble frame (18), and the upper 
hook distance (4), there remains a gap of 50 cm. 
The width of the predella could have been wider 
with respect to the altarpiece to completely fill 
the width of 192 cm following a precise aesthetic 
plan that would tie into the width of the upper part 

16. The hypothetical construction of the predella. On the front 
plank the three painted panels are included in their current 
form. Note the structure with the two internal dividers and the 
thick sides.

17. Hypothetical original structure of the Tabernacle.
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known by the carpentry workshops specialized 
in the construction of wood supports for paint-
ing and made up an important criterion during 
the long period of panel painting production from 
the twelfth to sixteenth centuries, guiding the ap-
propriate technical choices during the develop-
ment of different kinds of supports. In fact, there 
is a very close relationship between the kind of 
panel, with its different cut and thickness of plank, 
and the system of securing the crossbars. In the 
so-called medieval period, which concludes right 
about with our Tabernacle, the prevailing choice 
of plank was a radial cut which results as very sta-
ble with minor transverse contraction movements 
with respect to the tangential cuts15 and there-
fore is more suited to being supported by strong 
crossbars anchored with nails.16 In later periods, 
therefore beginning shortly after or around 1433, 
a complete change is seen both in the format of 
the paintings, and in the choice of their compo-
nent parts, above all in the cut, the quality, and the 
thickness of the wood used (but not the wood spe-
cies!). In parallel, the crossbar systems and their 
method of attachment changed. The use of nails 
was rapidly set aside for mechanisms that foresaw 
movable or sliding crossbars and offered a more 
flexible restraint and were therefore suited to the 
innovations of the panel. The choice of sub-radial 
or intermediate planks brought with it a new kind 
of restraint, commensurate with the forces that 
develop in the plank in different directions from in 
the past. The new panels could warp, or contract 
in width and it was clear that the restraint couldn’t 
come from nearly fixed points without certainly 
causing tensions, friction, and consequent crack-
ing (Fig. 18).17

With this premise, we want to approach the 
central issue of the specific problem tied to the 
cracking present on the panel of the tabernacle. As 
we have seen earlier, the structure is markedly me-
dieval in the strongest sense of the term, but the 
panel has two planks that are not completely ra-
dial that have had a natural transverse contraction 
losing about 3–4 mm of width total. To this issue 
we can add that the period of construction of the 
tabernacle became in a tangible way, a moment of 
transition between one construction method and 
another quite different. The transition, as is obvi-
ous, didn’t appear completely in one precise mo-
ment but evolved through stages, true moments 
of transformation and, probably, technical experi-
ences that directed subsequent structural choices 
toward more suitable solutions.

Condition
The Tabernacle is in excellent condition due to 

wise choices in materials and excellent construc-
tion technique. In general, there are two macro-
scopic phenomena that can be seen. The first is 
due to natural movement and the settling of mate-
rials and the second to a change made in the lower 
part of the altarpiece, especially the predella.

All the components of the large structure show 
good planarity and integrity of the planks with little 
insect damage. The panel of the altarpiece is marked 
by three cracks along joins and a split by the head 
of the Child that is quite visible on the paint sur-
face. Looking from the right side, we see that the 
first three join lines of the planks show clear signs 
of giving way. Especially in the first join (between 
the first and second plank), though not appearing 
as visible as the others, a crack begins from the bot-
tom and extends for about 80 cm. The second join 
(between the second and third plank) has a crack 
that begins at the bottom along the join and then 
at about 110 cm of height bends toward the inte-
rior, following the direction of the grain of the third 
plank, continuing practically for the entire height of 
the altarpiece. The third join separation (between 
the third and the fourth plank) begins at about 80 
cm from the bottom and extends for 160 cm up to 
a height of about 240 cm. As we have described, the 
two more central fissures are more apparent, on av-
erage exposing a separation between the edges of 
about 2–3 mm and an evident disjunction in level 
between the margins of paint; the outer join appears 
like a crack that is slightly out of plane but the edges 
are in any case very close. The separated joins and 
cracks of the panel are due to the natural movement 
of the contraction of the wood that encountered, 
during a period of adjustment, a strong restraint 
from the metal nails and glue that held the cross-
bars to the panel. The cut of wood of the planks, 
three of which are radial and two intermediate as 
we have seen, has obviously contributed to this phe-
nomenon. This becomes very important for several 
reasons: primarily it is related to the technology of 
woodworking and therefore connected to the origi-
nal structure; another factor is that the condition of 
the painting provides interesting keys for decipher-
ing the deterioration factors at work on the wood 
support; and finally, the information goes toward 
creating a frame of reference in which treatment on 
the wood structure of the painting can be planned.

The planks that make up the panel are subject-
ed to a series of contraction forces tied to the type 
of cut that they have.14 This phenomenon was well 
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form the foundation for the paint. Therefore the 
panel, for a brief period, absorbs and loses mois-
ture and follows a natural process of adjustment 
that depends, besides this, on proper seasoning 
of the wood. It can be said that the wood of our 
Tabernacle was certainly well seasoned because 
some of the planks used in the doors show signs 
of old insect damage; in other cases, as for the 
wood of the predella, the presence of recycled 
wood is a possibility. These details show how im-
portant having stable wood was for the carpenter 

The structure of our Tabernacle shows signs 
of this development; there are however other fac-
tors that can help in deciphering the phenomena, 
locating it within a significant timeframe. As we 
know, the wood support, before being painted, 
undergoes a series of processes that determine 
the early interactions of the component materi-
als. The application of the preparatory layers on 
the support includes a first coat of only glue, fol-
lowed by adhering pieces of canvas to the sup-
port and then the various layers of gesso that will 

18. Detail of the cracks on the altarpiece.
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The Conservation Treatment
The treatment plan took into consideration a 

series of factors that had emerged during the re-
search phase. First of all, the quite solid and well-
held together type of structure on one hand still 
clearly showed natural settling fluctuations and 
on the other, incorporated materials that had lost 
most of their original flexibility.

The considerations expressed during the re-
search phase on the technique and deterioration 
allowed us to delineate quite a thorough treatment 
plan while limiting it only to the areas where the 
panel of the altarpiece showed visible discontinui-
ties due to separating joins and deep and extensive 
cracks that marked the painting visibly and dis-
turbed its correct reading. The structure in gen-
eral is well preserved, though it was given some 
general treatments which we will address later, 
carried out in subsequent periods at suitable times 
so as not to interfere with the more localized treat-
ments that were performed.

As we mentioned earlier, the most apparent 
structural problem of the Tabernacle guided our 
procedural choices for the panel treatment.

The phenomenon of cracking and separating 
joins of a panel is common to many panel paint-
ings of every period; aside from the various origi-
nal causes, the solution is not always the same. 
The cracks indicate where the structure is inter-
rupted: the failure of joins between planks or 
splitting inside the same plank that leads to the 
separation of broken edges and a discontinuity of 
the paint along these margins. The reinforcement 
of the affected areas is normally done with a tech-
nique using wedges (incuneatura). This method 
relies on opening a narrow channel in the wood 
into which aged poplar segments, triangular in 
cross-section, are inserted precisely. This tech-
nique of reinforcement can accommodate various 
adjustments such as that of inserting and gluing 
thin strips of aged poplar into very narrow open-
ings (about 1 mm), or using only glue without 
wood. However executed, these procedures have 
the scope of recreating the lost continuity, inter-
rupting the process of separation and consolidat-
ing the panel. These procedures are absolutely 
recommended and can be carried out without 
risk where the support has sliding crossbars and 
does not have major counter indications, except 
in unusual cases to be evaluated individually. For 
paintings with a medieval structure, for example 
our Tabernacle, the reinforcement could trigger 
dangerous consequences. In fact, for panels held 

and also how planks with no insect damage were 
chosen with the same criteria. Beyond this, the 
evident contraction of the planks is due to char-
acteristics of the wood material, that is therefore 
the cut of the planks and the migration of mois-
ture caused further movement and settling. The 
contraction is evident and it is calculated to be 
an average of 3–4 mm of substance total. Ob-
serving the effects on the paint surface, we can 
confirm that, faced with this kind of contraction, 
it has remained perfectly planar and the ground 
and paint are well-adhered to the support: we ap-
preciate that the greater part of the movement 
must have happened immediately in the early 
period of the life of the painting, when the lay-
ered materials were new and still flexible, still 
able to follow sudden movements and significant 
contractions of the supporting surface. Over the 
course of the following centuries, this quality was 
lost as the materials became ever more brittle. In 
normal environmental conditions, with generally 
limited extremes of relative humidity, the wood 
continues to move and contract even though it is 
by a much more limited degree, and still accom-
panied by the limited flexibility of the overlying 
materials.

Conservation Treatment History
The Tabernacle bears signs of previous con-

servation treatments, which as we will see, were 
related to the different installations of the painting 
and different preservation requirements. As men-
tioned above, four of the six original hinge straps 
that supported the doors were replaced with new 
brackets and hinges. This hardware was partially 
sunk into the external side of the large, project-
ing frame and fixed with large screws that seem to 
have nineteenth-century characteristics. The two 
metal forks of the original hinge straps positioned 
halfway up are still in the frame and the support, 
while the other four have been extracted and the 
cavities are quite visible in the X-ray. In addition, 
two of the join separations present on the panel 
were closed with small strips of wood extending 
through the support; on the painted side these 
were retouched to imitate the surrounding sur-
face. On the back, the gaps were glued in segments 
and “bridged” with pieces of paper. These treat-
ments over time were not able to hold the separate 
pieces together; when the painting arrived in the 
Laboratory, the strips were completely separated 
along the cracks and it was even possible to see 
light through the gaps.
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the passage of air, both deterioration factors. In 
order to do this, a good solution was determined 
to be the use of balsa wood. Previously, with this 
particular wood species the gaps present in the 
Rosano Crucifix were closed by inserting strips of 
this material into the gaps without glue.19 In this 
way the passage of air was effectively blocked as 
well as the resulting deposits of dirt, often linked 
to wood-boring insect damage. The balsa wood 
has different properties which makes it prefer-
able to other types of wood or other fill materi-
als. It is easily workable, light, compressible, and 
expandable, especially suited to fill narrow spaces 
without creating tension or obstruction. Based 
on these considerations, some experiments to 
check the hold of the balsa wood were initiated in 
order to improve our understanding of its char-
acteristics and to understand if it could perform 
other functions in the reinforcement work on 
our altarpiece. For this, models in poplar wood 
were prepared with separating joins and cracks 
similar to those being addressed. These were 
reinforced with balsa pieces glued with Bindan 
PVA adhesive into precise channels. The results 
of this study were truly encouraging. In fact, the 
balsa wood is suitable for many reasons: it carries 
out the function of perfectly sealing the gaps, it 
connects to the edges of the panel in a solid way, 
and at the same time allows for re-aligning and 
maintaining the adjacent edges of the gap in the 
panel at the same level. Furthermore, the small 
panels joined with balsa were put under tension 
forces with traction and compression measured 
locally with a centesimal dial gauge during which 
the material proved flexible and yielded without 
losing adherence or disrupting the alignment 

with metal anchor points, the gaps can even pro-
vide a kind of release valve for the movements 
of the support and closing these areas with the 
wedges can be risky. The movements of the panel 
might find new outlets and therefore cause more 
damage to the structure; in some cases we have 
seen failures of old treatments with the detach-
ment of glued wedges but it can be imagined that 
the new damages could even affect the grain of 
the panels and trigger failures and splitting in ar-
eas that were previously intact.

For this reason the gaps present on the panel 
of the altarpiece were subjected to a measuring 
campaign which had the purpose of establishing 
the degree of movement occurring on the panel in 
these areas. The investigation was carried out in 
collaboration with the Istituto di Fisica Applicata 
“Nello Carrara” of the CNR (National Research 
Council) through the application of a distributed 
Bragg reflector using optical fibers.18 The measure-
ments were made in April of 2003 and established 
with absolute precision that along the gaps in the 
panel movements developed to a degree consis-
tent with and in any case always strictly correlated 
to the fluctuations in relative humidity of the en-
vironment; and at the time, a series of possibilities 
were formulated that concerned the stabilization 
of the display environment and provided new so-
lutions for the reinforcement of the support.

After this preliminary work, in the years fol-
lowing 2003 and in the months that preceded the 
treatment of the support, some convictions ma-
tured which provided a base for experimentation 
to find a suitable solution. First of all, our treat-
ment aimed to clean and then close the gaps so 
as to eliminate the deposits of dirt present and 

19. Stages in the experimentation with balsa wood. The glued 
pieces were tested with traction and compression forces mea-
sured with a centesimal dial gauge.

20. Treatment procedures on the panel. The gaps were cleared 
with the electric router.
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found, common to many wood supports with a 
typically medieval structure. The flexible join al-
lows for a durable connection and also maintains 
the possibility of accommodating the natural 
movements of the panel over those areas with-
out creating additional stresses. Furthermore, 
the work was confined to areas where access 
was possible and therefore limited in terms of 
invasiveness and the use of extraneous materials 
therefore avoiding damaging the integrity of the 
work or altering the original constituent values 
of the painting.

Additional reinforcements were made on the 
outside surface of the large frame of the altarpiece 
where there were deep cavities that held the old 
iron pieces that anchored the painting laterally 
in its initial installation. These areas were filled 
with wood inserts: small pieces of aged poplar 
glued with Bindan. The holes left on the back of 
the painting from the original hinge straps (substi-
tuted by a modern screwed-on hinge system) were 
closed with elements in balsa, suitably carved and 
adhered with a light application of Bindan.

Subsequently, the painting was carefully 
cleaned on the back, vacuuming away the dust 
deposits. Then all the parts were given an anoxic 
de-infestation treatment and protected with Per-
methrin insecticide applied by brush. The back of 
the altarpiece and two of the three predella panels 
were protected with microcrystalline Multiwax 
445 dissolved to 4% in ligroin (Fig. 22).

between the sides. Therefore, thanks to this re-
search, a truly solid and flexible joint was devel-
oped that has the necessary characteristics to 
function in our particular case (Fig. 19).

The reinforcement was then carried out in 
2009, initially by removing the strips and glue 
inserted in the past, and proceeding with lightly 
shaving down the edges to be joined. This prepa-
ration was done only in the channels where the 
panel was not covered by the crossbar system. 
The channels were opened in some areas with a 
router with a cylindrical bit, in others using a coni-
cal bit with a very narrow angle so as to eliminate 
the deposits of dust and provide a good surface 
for adhering the new wood pieces; the treatment 
was limited in scope to only the open gaps (Fig. 
20). The edges of the gaps were brought into align-
ment with gentle pressure from tie rods and the 
balsa pieces were inserted and glued in place with 
Bindan PVA adhesive. The closing of the separat-
ed joins by inserting balsa strips was mostly done 
from the back though completed from the front in 
the areas covered by the crossbars. The filling was 
further completed on the front with a row of balsa 
pieces inserted to fill the gaps, positioned slightly 
below the paint surface, as a foundation for the 
later filling. The panel was freed from the tie rods 
and maintained the correct level, confirming what 
had been seen experimentally (Fig. 21).

We conclude that with the simple use of balsa 
wood, a viable solution to a specific problem was 

21. During the reinforcement of the panel, the levels of the planks are aligned
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22. Reverse of the central panel, after treatment.
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1 Dipinti su tavola: La tecnica e la conser-
vazione dei supporti, edited by M. Ciatti, C. 
Castelli, A. Santacesaria, Florence 1999.
2 This evolution of Fra Angelico is given a 
detailed treatment by Mario Salmi in the fore-
word of the 1955 catalogue of the Fra Angelico 
exhibition. He cites, among many paintings, 
the Triptych of San Domenico transformed 
into a pala and the scene of the Death of St. 
Nicholas, in the predella of the Triptych of Pe-
rugia.
3 The subject has been extensively ad-
dressed in the article of C. Castelli, M. Ciatti, 
M. Parri, A. Santacesaria, “Considerazione e 
novità sulla costruzione dei supporti lignei 
nel Quattrocento,” OPD Restauro 9, 1997, pp. 
162–74.
4 As stated on several occasions, the prac-
tice of arranging the planks with the internal 
part facing the preparatory layers can be truly 
considered a rule, in existence since the first 
examples of the twelfth century until the last 
ones of the sixteenth century. The reason is 
linked to the characteristics of the wood in 
that as it ages the planarity is maintained as 
much as possible, or rather, the risk of defor-
mation is reduced the most.
5 It was not possible to verify with cer-
tainty the presence of an adhesive between 
the crossbars and the back of the panel; its 
application was detected in some small stains 
between the crossbars and panel but there is 
reason to infer its use analyzing the criteria 
adopted in general in the construction of this 
altarpiece. It is a strong structure, well held-
together with planks, crossbars, and frame 
forming a solid unit. Furthermore, we find 
evidence of glue used to secure the original 
planks on the bottom of the tabernacle.
6 Reconstructing the stages of putting to-
gether the support of the altarpiece allows us 
to establish, thanks to the nailing pattern, the 
sequence used by the carpenter. First the pan-
el was constructed and then the crossbar sys-

tem was applied with nails inserted from the 
front. Then the splayed frame and the verti-
cal elements on the back were attached; these 
contributed to strengthen the panel as nails 
inserted from the back, in passing through the 
panel, anchored the large frame on the front.
7 On this subject see the very interesting 
contribution of Gabriella Incerpi in this vol-
ume. (“Tabernacolo dei Linaioli agli Uffìzi: 
Problemi conservativi, proposte ed interventi 
di restauro nel XVIII e XIX secolo,” in Il Tab-
ernacolo dei Linaioli del Beato Angelico res-
taurata, pp 81–88. Florence: Edifir, 2011.)
8 Technical examination record no. 1471 
in the Laboratorio Scientifico of the Opificio 
delle Pietre Dure.
9 Working the wood in the horizontal di-
rection opens the pores of the wood more, so 
as to favor better adhesion with the first ap-
plication of glue.
10 The presence of exit holes from wood-
boring beetles when the ground was applied 
is unusual, though possible. This condition 
generally leads us to think that the wood was 
much older than a typical seasoning or it may 
be a re-used piece from another object, or 
from a tree that died standing, or finally, from 
a trunk that was felled and remained too long 
on the ground before being reduced to planks. 
It is hard to say at this point if this was used 
knowingly thinking that it was a more stable 
material, or rather from simple thriftiness.
11 The diagonal insertion of the nails is not 
random, but tied on one side to the relative 
thickness of the planks (3 cm), on the other 
to the pyramidal form of the nails and the 
impossibility of bending them; finally the sub-
stantial weight of the doors has to be taken 
into account. These are the factors that led to 
the insertion of diagonal nails so as to secure 
better the iron straps of the panel.
12 It is good to remember that it is not rare 
to find fills like this on painted panels even if 
in this case the treatment is quite extensive.

13 Please see the contribution of Gabriella 
Incerpi: “Tabernacolo dei Linaioli agli Uffìzi: 
Problemi conservativi, proposte ed interventi 
di restauro nel XVIII e XIX secolo,” in Il Tab-
ernacolo dei Linaioli del Beato Angelico res-
taurata, pp 81–88. Florence: Edifir, 2011.
14 Here cut means the position of the plank 
inside the original trunk (for example, a radial 
cut is central; intermediate or sub-tangential 
is external).
15 The planks with a radial cut develop mini-
mal shrinkage in width and the most in thick-
ness.
16 It is useful to remember that even the 
way in which the nails are inserted contrib-
utes to reduce risks from restriction that can 
be caused by their presence.
17 As noted at the beginning, Fra Angelico is 
the painter who over the course of his produc-
tion, and in particular at the end of the 1430s, 
first showed tangible technical innovations in 
the supports of his paintings, in the frames, 
and in painting. These changes, which in par-
ticular involved the crossbar systems, were 
copied by his collaborators and then by other 
painters of this period who were working in 
and around Florence. It is reasonable to think 
that the renewal that is found in the construc-
tion techniques in the later decades in Urbino 
and surrounding territories is attributable to 
the experiences begun with the Annalena Al-
tarpiece and that of Bosco ai Frati.
18 C. Castelli, R. Falciai, G. Lanterna, C. 
Trono, “Misurazioni non invasive delle de-
formazioni dei supporti lignei: I primi dati dal 
Tabernacolo dei Linaioli,” OPD Restauro 15, 
Florence 2003, pp. 153–60.
19 C. Castelli, M. Parri, A. Santacesaria, “Il 
supporto ligneo della Croce di Rosano: Tec-
nica e confronti” in La Croce dell’Abbazia di 
Rosano. Visibile e invisibile. Studio e restauro 
per la comprensione, edited by M. Ciatti, C. 
Frosinini and R. Bellucci, Florence, 2007, pp. 
105–10.
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The Triptych of the Badia a Rofeno by Ambrogio Lorenzetti: 
The construction technique and conservation
of the wooden support and the sixteenth-century frame

Ciro Castelli, Mauro Parri, and Andrea Santacesaria

When our Laboratory became involved with the 
project of the Triptych of the Badia of Rofeno, we 
immediately found ourselves confronted by quite 
a complicated artwork. The sixteenth-century 
stylistic remodeling had added a large quantity of 
new material and contributed, on one hand, to a 
change in the original appearance of the paint-
ing, and on the other, to compromising the pres-
ervation of the paint. Other related issues were 
the integrity and condition of the surviving four-
teenth-century parts which had endured both the 
sixteenth-century transformation and the restora-
tion treatments of 1910, 1950, and 1996.

Finally, we evaluated our assessments in the 
context of the environmental conditions of the 
museum where the triptych has been displayed. 
This is all essential for being able to plan a sys-
tematic treatment for the consolidation of paint as 
well as making the support and the other attached 
architectural parts as functional as possible.

Other important questions to resolve related 
to the altarpiece’s historical origins. In fact, the 
sixteenth-century modifications had led some 
scholars to believe that the triptych was the result 
of an assemblage of paintings by different Sienese 
masters. However, a preliminary examination 
of the object shows the structure to have been 
created following a single, coherent plan in terms 
of the technique but also the materials used.1 The 
color and morphological properties of the wood of 
the panels and crossbars, the extreme similarities 
in the way they have been worked, the presence of 
dowels (cavicchi) in the joins, the dimensions, the 
thickness, and proportions of the panels indicate 

that this was created in a single time period and 
by one maker. The crossbars, divided up panel-by-
panel in the sixteenth-century treatment, used to 
match perfectly—in terms of shape, dimensions, 
the way they were nailed, in addition to being 
made of the same materials. Furthermore, the 
crossbars are positioned on the support in a way 
that is typical of triptych tradition and Sienese 
polyptychs. As we will discuss further, the Trecento 
parts unequivocally belong to the original triptych 
design.

As we will later see in detail during the differ-
ent phases of research and treatment, the artwork 
was approached with great care, testing tech-
niques and subjecting the results to an ongoing 
critique, determining the best treatment strategy 
as work progressed. The final result was reached 
while working with the artwork under constant 
observation, carefully checking the behavior of the 
painted panels.

The treatment carried out on the painting by 
Ambrogio Lorenzetti was essentially approached 
from two directions: first the triptych was freed 
from the sixteenth-century frame and after that, 
the conservation work was carried out on the 
fourteenth-century parts as well as the sixteenth-
century additions. The dismantling work undoubt-
edly served to clarify and make more apparent the 
structural methods of the original, bringing to 
light a series of elements that serve as evidence of 
a clear, well-defined design. Analyzing the support 
allows us to appreciate the quality of the carpen-
ter’s workshop that was chosen and the procedur-
al decisions made during construction.

This text was originally published in Italian as:
Ciro Castelli, Mauro Parri, Andrea Santacesaria,   “Il supporto ligneo e la cornice cinquecentesca tra tecnica, conservazione e 
restauro,” in Ambrogio Lorenzetti: Il Trittico di Badia a Rofeno. Studi, restauro e ricollocazione, edited by Marco Ciatti and Luisa 
Gusmeroli, Florence, 2012, pp. 45–58. Translated by Helen Spande.
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The construction technique of the triptych
After removing the sixteenth-century frame, 

the painting appeared essentially whole in terms 
of its central core and with its frame almost intact. 
Observing it, we were able to appreciate the way 
the painted scenes were divided; these different 
parts, though by themselves adequately clear, were 
missing some original architectonic ornamenta-
tion which would have geometrically and archi-
tecturally completed the whole, like, for example, 
the predella box at the base of the whole altarpiece 
and the two lateral pilasters. These framing ele-
ments would have given the painting better com-
positional and spatial proportions.

The current predella and pilasters are from the 
sixteenth-century reconstruction.

In addition to these considerations, while 
studying the artwork, we were able to confirm that 
despite the various incidents and alterations over 
time, the elements that have come down to us are 
essentially complete and the losses limited to a 
some of the internal attachments, therefore it is 
possible to define the original structure precisely.

The triptych is on two tiers: the lower part con-
tains the central rectangular panel with Saint Mi-
chael and the side panels with Saint Bartholomew 
and Saint Benedict; the upper order is contained 
within the triangular gables. The center contains the 
Madonna and Child which is an independent panel 
with its own crossbar and a way of fastening to the 
lower part that is reversible; to the sides are Saint 
Louis of Toulouse and Saint John the Evangelist. The 
structure of the triptych is based on a main section 
that incorporates Saint Michael and the two lateral 
saints with pointed arches, connected together with 
three dowels inserted in the sides of the flanking pan-
els and on the back by two continuous, nailed cross-
bars; the panel of the Madonna, as mentioned, is an 
element apart that fits into two brackets on the upper 
border of the panel of Saint Michael.

During the dismantling of the altarpiece, very 
important evidence about the two triangular gabled 
tops with Saint Louis of Toulouse and Saint John 
the Evangelist came to light: from a careful ex-
amination, in addition to studying the pattern of 
growth rings of the wood in the X-ray, as well as 
traces of paint, it was possible to determine with 
certainty that these had been cut off and made in-
dependent though they had once been continuous 
with the support of the lateral saints, making for a 
single gabled panel on each side. Moreover, by look-
ing at the corresponding edges along the cut, corre-
sponding marks with a matching form can be seen, 

as if the tops were unevenly sawed off, without later 
being smoothed. When the pieces are put next to 
each other, the only missing material seems to be 
the “path” that the saw opened through the wood.

The structure of the panel
The Triptych of the Badia of Rofeno has a sup-

port made entirely of poplar wood, meaning both 
the panel and crossbars.

The panel of Saint Michael is 102.1 cm wide, 
123.5 cm high, with a thickness of 3 cm. It is made 
of a central plank that is 61.1 cm wide to which 
two narrower lateral planks have been butt-joined 
and glued with casein (Fig. 1). There are also 
three dowels (cavicchi) in each join. The panel has 
then been enlarged again with two 5 cm strips, 
again butt-joined and glued with casein and fur-
thermore, nailed with four metal nails each. The 
central plank which by itself makes up the ma-
jority of the panel has a sub-tangential cut with 
a broad, central, cathedral grain or flame pattern 
while the four side pieces are more central cuts, 
perhaps taken from trees of smaller dimensions, 
which for some sections, show slab-cut areas. The 
dowels seem to be chestnut because the X-ray im-
age shows a density similar to that of the dowels 
connecting the central panel of Saint Michael and 
the two lateral saints which were extracted and 
therefore examined. These are on average 11 cm 
long with a diameter of about 1 cm and are loosely 
placed into holes that are deeper than the dowel; 
in the X-ray, the empty space between the end of 

1. Diagram of the panel structure of the triptych.
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the dowel and the end of its channel measures 
more than 2 cm on each side.

The panel of Saint Bartholomew is 43.5 cm 
wide and 146.8 cm tall. It is 3 cm thick like the 
panel of Saint Michael. The shape of this panel is 
composed of a rectangle measuring 43.5 cm wide 
and 103.8 cm high, topped by a triangular gable 
with a base that is 35 cm wide and a height of 43 
cm. The panel is composed of a main plank 40.5 
cm wide enlarged on the side toward the center 
by a 3 cm strip, butt-joined, glued with casein, and 
held with three nails. The main plank is an inter-
mediate cut close to tangential with quite an ir-
regular grain; furthermore there is a compromised 
area with ring shake and a bark pocket, now friable 
and deeply eroded.

The panel of Saint Benedict is however made 
of a single plank that has the same measure-
ments as Saint Bartholomew. The cut is also an 
intermediate cut close to tangential with a broad, 
central cathedral grain. The quality of the wood is 
slightly better with respect to the plank of Saint 
Bartholomew, the grain is slightly curved and the 
knots are quite few.

The three panels are connected with three 
dowels along each line of contact; they are simply 
held in position side-by-side, without additional 
constraints or gluing, creating a combined width 
of about 192 cm (Figs. 2–4). On the reverse, two 
poplar crossbars (7 cm high, 4 cm thick, and about 
190 cm long) were applied. One is positioned 
about 10 cm from the bottom, the other is directly 

under the base of the gables. The crossbars were 
anchored with metal nails inserted from the back 
and clinched back down from the front, under 
where the ground layers were later applied. Two 
nails for each lateral panel and four for the central 
panel were inserted. An important characteristic 
of this anchorage is the presence of a horizontal 
slot made in the underside of the crossbar corre-
sponding to the passage of the nail shaft. Let us 

2. The dowels (cavicchi) holding the planks together. 3. The dowels connecting the panels.

4. Detail of a cavicchio inserted between the panel of Saint 
Michael and one of the lateral saints.
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remember that in the medieval period, putting in 
nails required that the panel and crossbars would 
be prepared first with holes using an auger and 
then the shaft of the nail would be inserted; there-
fore the nail was housed in a channel that allowed 
for some movement of the panel but the elements 
that found themselves pressed between the nail 
head and the bent back point would still be held 
together. In this quite special case—to date not 
seen elsewhere in panels with nailed crossbars—
the medieval method is carried out with an inter-
esting twist: a slot increases the space the nail can 
move in the crossbar and therefore allows for a 
little more movement in the panel (Figs. 5–6). This 
feature is unique and is justified by the cut of wood 
used in the planks of the panel which, as we de-
scribed, is mostly intermediate and sub-tangential. 
This cut can cause, over time, a large transverse 
contraction. However, the nails have room that al-
lows for greater movement of the panel, diminish-
ing the risk of cracking or the joins separating. The 
planks of this type have greater instability with 
respect to radial planks commonly used in this 
same time period. In fact, until the first decades 
of the Quattrocento, there was a perfect and virtu-
ous symbiosis between radial planks and crossbars 
anchored with nails; in our case, the planks were 
subject to tangential shrinkage that can provoke 
warping and linear contraction in the transverse 
sense. The carpenter building the triptych made 
slots in the crossbars to reduce the risk that a 
transverse contraction of the panel would jam 

against the nails and cause cracking of the picture 
plane. Let us say that these craftsmen put into ef-
fect, with great foresight, an adaptation that would 
be developed more than a century later. From this 
detail we may conclude that, although over time 
the movement of the plank has in any case been 
restricted by the nails and resulted in cracks, the 
carpenter understood the behavior of the available 
materials quite well, a further sign that there was 
a solid workshop tradition specialized in building 
panels for paintings.

The gable with the Madonna and Child mea-
sures 91.8 cm at the base, is 88.5 cm high, and is 
2.5 cm thick. Is made of three planks; the central 
one is 49.1 cm wide and the two sides measure 21.7 
and 21 cm. The planks are butt-joined with casein 
glue and have one dowel per join, centered in the 
face of the join, 23 cm from the base. Observing 
the shape, the size, and density in the X-ray, we see 
similarities with the dowels inserted in the panel 
of Saint Michael. The central plank is a sub-tan-
gential cut with a broad cathedral grain in the cen-
ter. The quality of the wood is not homogeneous 
and the grain is curved in part by the presence of a 
large knot at the bottom which is similar in terms 
of deterioration to that in the panel of Saint Bar-
tholomew. The two lateral additions meanwhile 
are mostly radial. The panel is reinforced on the 
back by a single crossbar, placed about 15 cm from 
the bottom and attached with three nails, one in 
each plank, with the same anchorage technique 
used in the central section.

During the construction of the two tiers, 
a system that allowed them to be reversibly 
connected was incorporated. In order to do this, 
under the crossbar of the gable of the Madonna, 
two wood pieces (3.3 cm by 1.8 and 30 cm long) 

5. Diagram of the crossbars with nails.

6. Detail from the X-ray showing the nail in a horizontal slot 
in the crossbar that allows for more transverse movement of 
the panel.
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were applied. These were inserted in channels 
that were a little more than 1 cm deep, carved in 
the lower border of the crossbar. Each piece was 
anchored with a nail about 3 cm from the lower 
edge of the panel. These elements, though held 
by a single nail, were nevertheless quite firmly 
held thanks to the channel in the crossbar that 
prevented any rotation (Figs. 7–10). These created 
a convenient and solid connection as they precisely 
fit into brackets secured on the upper edge of 
the back of the main panel of Saint Michael. The 

brackets are made of poplar wood, 15 cm wide, 8 
cm high, and 3.5 cm thick. They are held by a pair 
of nails inserted from the back, bent around from 
the front and covered by the frame border that 
overlaps the edges of the painted scenes. To ease 
the insertion and the alignment of the panels, two 
shallow reductions were made in the back of Saint 
Michael to accommodate the connecting elements 
precisely. The panels of Saint Michael and the two 
lateral saints were completed by frames around the 
perimeter. Specifically, the panel of Saint Michael 
has a flat frame about 5 cm wide and about 6 cm 
thick with an internal molding along the entire 
perimeter. The saints have a similar frame on the 

7. Diagram of the two main sections of the triptych. 8. Diagram of the method of attaching the gable with the 
Madonna and Child to the central panel with Saint Michael.

9. Diagram of the original structure of the support as seen from 
the back.

10. Detail of the upper part of the panel of Saint Michael 
with one of the two connecting brackets for the gable of the 
Madonna and Child.
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outer vertical edge and at the bottom (Fig. 11). 
A simple frame molding, about 1.5 cm wide, was 
applied to the internal vertical borders, leaving 
space for the columns that separate the paintings. 
This molding was applied along the gabled edges, 
including those of the Madonna and Child, and 
along the boundary separating the rectangular 

zones from the two lateral saints in the gables. 
It was probably also applied above the wider 
frame along the horizontal lower borders of the 
three scenes and upper part of the panel of Saint 
Michael. The diagonal sides of the gables certainly 
originally had carved frames attached with glue 
and nails, though today these are totally lost. From 
the X-rays, it can clearly be seen how the front 
surface of the panel was worked with a plane, in a 
slightly diagonal, mostly horizontal direction. This 
planing would have smoothed the surface and 
broken up the wood grain slightly, giving it tooth 
for the glue to grip for adhering the canvas to the 
panels (Fig. 12).

The sixteenth-century transformation
The altarpiece has undergone a major trans-

formation, dictated probably by aesthetic and cul-
tural needs which profoundly marked some fun-
damental aspects of its original structure. Above 
all, the new presentation disturbed the reading of 
the artwork so much so as to cast doubt on the 
consistency of the panels and their belonging to 
the same original group (Fig. 13).

In order to be arranged in the sixteenth-cen-
tury configuration, the triptych had been disman-
tled. The first step was removing the gable with 
the Madonna and Child; the next step would have 
been to cut through the two crossbars of the main 

11. The original frame on the panel of Saint Bartholomew is 
wide along the left side and lower border while the right and 
upper borders have a thinner frame.

12. Detail of the X-ray in which traces of the horizontal planing 
of the panel can be seen.
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register along the join between the central panel of 
Saint Michael and the saints. These lateral panels 
would have been subject to other alterations: first 
the remaining parts of the upper crossbar were re-
moved (the lower one was left), by cutting the nails 
that held it on, leaving their tips embedded. After 
removing the sections of the crossbars, the gables 
with Saint Louis of Toulouse and Saint John the 
Evangelist were separated from the rectangular 
parts with Saint Benedict and Saint Bartholomew. 
The panels were cut apart with a saw, the borders 
were not straightened, and with this we can con-
sider the procedures for taking apart the triptych 
concluded (Fig. 14).

The sixteenth-century re-assembly required 
first of all a re-alignment between the Saint Mi-
chael panel and the saints without their gables; the 
three panels were reconnected and reinforced on 
the back with quite crude wood lengths, nailed 
into the panels. Thus, in order to lengthen the 
lateral panels with saints up to the height of the 
Saint Michael panel, two rectangles of wood about 
23 cm high and made of two planks (the lower 
one of about 14 cm and upper one of 9 cm) were 
positioned with their grain running horizontally. 
These were reinforced on the back by two blocks 
that connect to the lower side panels and to the 

central one and by the two battens that are at-
tached on the external borders that unite the ex-
tensions with the lower panels. These reinforcing 
additions are in poplar wood held on with nails 
and they are essentially coarse in terms of shape 

13. Archive photograph taken prior to the treatment of 1996 
in which the gaps in the central panel appear filled with wood 
strips.

14. The back of the lower part of the triptych before our treatment.
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and workmanship. With this addition the two lat-
eral scenes reached the same height as the panel 
of Saint Michael, creating a single horizontal onto 
which the three gables could rest. Saints Louis of 
Toulouse and John the Evangelist were attached 
using wooden brackets similar to those that hold 
the Madonna onto the panel of Saint Michael, with 
a vertical batten placed in the center of the gables.

After the re-assembly of the triptych, the carved 
frames were prepared along with the predella and 
the lateral pilasters. The central area was decorated 
with a frame that extended along the perimeter of 
the pictorial surfaces, with a rectangular structure 
using two internal attachments. The frame elements 
are about 6.5 cm wide and 1.5 cm thick; at the 
corners these outer elements meet with mitered 
joins while the inside vertical strips are fitted into 
the horizontal without interruption at a ninety-
degree angle (Fig. 15). The components of the frame 
are attached directly with glue and nails onto the 
original frames, hiding them completely (Fig. 16). 
In the corners, rosettes carved from poplar conceal 
the joins (Fig. 17). The two rectangular areas above 
the figures of saints were covered with two carved 
panels using matching motifs to those present on 
the frame. The three gables are decorated with 
carved pieces that extend their surface area to the 
sides. The triptych was therefore re-assembled in 
the new sixteenth-century arrangement with the 
three gables aligned at the same level with a new 
and richer frame. On the outer sides, two vertical 
strips have been attached to conceal those edges 
of the support. The triptych was completed with a 
predella at the base and two lateral pilasters. The 
predella is made in the usual way and the materials 

are evidently recycled. For instance, the box is made 
of a carved front face with an upper plank made of 
two elements running lengthwise, and one at the 
base, in addition to the sides. Within the structure, 
two wooden pieces at the ends and two section 
dividers inside reinforce the predella. These last are 
placed with the grain running horizontally, however 
the whole has a good solidity and therefore is ideal 
for holding the weight of the triptych elements and 
pilasters. The predella is 242 cm long, 30 cm high, 
and about 20 cm deep. The two lateral pilasters 
have a simple structure with three planks forming a 
box in which the front is 12 cm wide and the depth 
is about 18 cm. At the bottom and top, wooden 
pieces are attached that hold and strengthen the 
structure. The pilasters are furthermore topped 
by carved candelabras. The pilasters and predella 
are richly decorated with gilded carving. From the 

16. Detail of an element of the sixteenth-century frame. On 
the back traces of glue that has torn the paint from the original 
frame.

17. Detail of a rosette on the sixteenth-century frame.

15. Detail of the sixteenth-century frame The frame elements 
meet at the corners with a 45° angle.
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radiography and by examining the artwork itself, 
as well as from the carbon-14 testing, the wooden 
components of the predella and pilasters do not 
seem to belong to the original fourteenth-century 
structure (Figs. 18–19).

Analyzing the new frame, we can see that in 
contrast to the refinement and high quality of the 

carving, the wood employed for a structural func-
tion seems to be rather poor. For example, the ele-
ments that connect the panels of the triptych are 
certainly recycled planks attached without any ad-
justing. Furthermore, one of the two planks used 
to close the sides has a series of very clear, regular 
gouge marks; it is very likely that the plank was 
the surface on which the rosettes applied in the 
corners of the frame were glued and carved (Fig. 
20). Also, the predella and pilasters have internal 
parts that are very deteriorated or modified and 
recycled from other objects.

Condition
The painted panels arrived in our Laboratory 

with serious structural problems. The deterioration 
of the artwork has undoubtedly a series of causes 
that are overlapping, deriving both from the original 
technique of construction and from the problems 
introduced by the sixteenth-century frame, as well 
as the display environment. We can confirm that 
the deterioration that has occurred recently due 
to a lack of climate control in the Palazzo Corboli 
moved forward the schedule for a major treatment 
which the artwork would have needed anyway.

As previously described, the carpenter used 
planks with a sub-tangential cut when assembling 
the panel, above all in the center of the panel of 

18. The back of the predella.

19. The back of the pilasters.

20. Detail of an element removed from the sixteenth-century 
structure that served as a surface for the carving of the ro-
settes.
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The conservation treatment history
The support shows signs of a series of treat-

ments which have occurred over time. From an 
old archive photograph, the joins of the central 
panel with Saint Michael were closed with the in-
sertion of wooden strips to fill the gaps; the same 
technique has been used to reinforce the joins in 
the gable with the Madonna (Fig. 13). From the 
same photograph, the three gables appear edged 
on the back by simple strips probably attached 
with screws. The wood grain of the planks is not 
discernable as if it were covered by a ground or by 
a heavy layer of dust; it seems as though the same 
layer has settled on the sixteenth-century sections, 
thus it cannot be clearly identified as an original 
layer. Though the back of the gable of Saint Louis 
is not clear, it appears now to have a fill at the top 
and has a horizontal cut, while in the image the 
surface is homogenous and appears to be covered 
by two smaller, vertical, side-by-side panels.

At the time in which the photograph was 
taken, the two side gables did not have the fitted 
connection that we found and which must have 
been made during the last treatment of the 1990s, 
copying the system used for the central gable. This 
mechanism employs two brackets attached under 
the border of the Saint Michael panel, positioned 
horizontally and anchored with two nails each. At 
the time of the photograph, the two brackets were 
still the original ones; the one on the right appears 
cracked in two places corresponding to the nail 
holes. Currently, the right bracket appears newly 
made, it is held with two screws and shaped very 
similarly to the original. It was probably added 
during the last restoration treatment.

During the last treatment, the planks of Saint 
Michael were put back together with wide wedges 
and the same system was used to reinforce a crack 
high up in the center. In the gable of the Madonna, 
an area affected by a large knot has been removed 
and filled with a single poplar insert. Probably dur-
ing the same period, the point of the gable with 
Saint Louis of Toulouse was repaired; the area had 
suffered heavy deterioration and therefore had 
been substituted by a single patch using a half-lap 
join; under this was another deteriorated area in 
the shape of a rectangle that had been carved out 
and filled with an insert of the same shape.

The preliminary conservation treatment of the support
The first procedures carried out on the support 

were done so as to try to free the Saint Michael 
panel from the accumulated tensions that had 

Saint Michael and in the gable of the Madonna and 
Child. The planks have suffered a clear transverse 
contraction, (above all in Saint Michael) that has 
caused wide splits along the joins with the lateral 
planks. We have already said that the nails that hold 
the crossbars are in enlarged channels that allow a 
good degree of movement for the panel. However, 
the degree of shrinkage is seen to be quite a bit 
higher than foreseen and consequently, the nails 
are impeding movement and causing the planks to 
separate. Moreover, this tendency for transverse 
contraction typical of sub-tangential panels has 
undoubtedly reduced the underlying surface area 
for the preparatory and paint layers. In the early 
life of the painting these movements could have 
happened without damage to the ground and paint 
thanks to the flexibility of the materials. The same 
contractions, taking place more recently when the 
materials had become brittle, have instead caused 
losses and lifting of the paint. These assessments 
apply to nearly all the planks of the panels that are 
from similar cuts of wood. Wherever the wood 
has contracted transversely, lifting and flaking has 
occurred. Additionally, in the panel of Saint Mi-
chael, this has also caused quite evident cracks and 
opened wide gaps.

The sixteenth-century modifications also ex-
plain damage like the loss of original parts includ-
ing the upper crossbars of the lateral saints and 
some portions of the frame over the perimeter 
of the painted surfaces which probably projected 
and prevented setting down the new, carved frame 
members. Furthermore, the nails and the glue used 
to attach the new frame on top of the original has 
extended beyond the old frame, causing numerous 
holes, scratches, and marks on the paint. Among 
the damages, it is worth noting the cutting off of 
the lateral gables which, besides causing the loss of 
material, has eliminated the portions of the cross-
bars that would have restrained the movements 
of the panels; in fact, the panels of the gables ap-
pear more deformed than the panels to which they 
were originally connected.

Extensive eroded areas due to wood-boring 
beetle activity are seen in the upper central areas 
of the main panel, the lower part of center of the 
gable with the Madonna, and in the planks of the 
predella and pilasters.

The gable with Saint John the Evangelist is 
missing the upper part. From the back it is quite 
apparent that the entire point has been replaced 
with a single piece of wood though we don’t know 
when this occurred.
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nected the central plank of Saint Michael to the 
two crossbars were disengaged by making a core 
cut around the nail (Figs. 21–22). Using a cylin-
drical router, the wood of the crossbars was cut 
through and the panel was freed. This procedure, 
according to our plan, would have allowed for the 
plank to warp (keeping in mind that it is a sub-tan-
gential cut) and therefore greater convexity and an 
increase of the surface for the paint to adhere to. 
In reality, the plank did not warp according to the 
typical tendency that we expected for wood held 
flat by rigid crossbars. Quite probably we were 
facing an essentially stabilized, total volumetric 
shrinkage of the wood with a tangential cut, ex-
posed for a long time to a dry climate and with 
crossbars that imposed flatness on the support; 
wood that is under restraint for a long time can be 
thought to have collapsed and its force of reaction 
over time is reduced to a minimum.

This step was, in any case, essential later on as 
slight pressure was able to be put on the center of 
the plank which caused a small shift and convexity 
of the paint surface.

Dismantling the triptych
The procedures described so far contributed to 

the development of a general conservation treat-
ment plan for the painting and, in detail, for its 
wooden support. The objectives that were defined 
covered different aspects for the preservation of 
the painting:

Allow for a thorough and effective consolida-
tion of the paint for which dismantling the trip-
tych became necessary, also freeing it from the 
non-original overlying frame.

Carry out the restoration of the single sup-
ports, removing overlapping elements from the 
front and the rough additions on the back.

caused numerous losses and lifting areas of paint. 
It was therefore necessary to create the conditions 
to allow the raised paint to find adequate space 
to lie back down on the panel. Generally, forcing 
panels flat that have a tendency to warp puts the 
paint surface under compression. Therefore, free-
ing them of this restraint and releasing these ten-
sions increases the convexity of the panel and en-
larges the surface where the paint needs to adhere. 
In this case though, the phenomenon affecting the 
support of the triptych is much more complex. 
The painting had at one time absorbed a signifi-
cant quantity of humidity and then subsequently 
been placed in a very dry environment. It seems 
that the wood swelled and increased in width and 
then shrank dramatically. Probably these move-
ments contributed to damage further the cohesion 
between layers that were already fragile from the 
accumulated tensions developed over time and 
due to the intrinsic lack of flexibility in the ground. 
The shrinkage of the wood was concentrated in 
the central areas of the panels where the tree rings 
are tangential and caused mostly transverse con-
traction and warping. This indicates that the wood 
was subjected to a general volumetric contraction, 
developed along tangential lines that created sub-
stantially different tensions than those caused by 
the rigid crossbars and nails through the planks 
that had warping tendencies. In these panels, the 
shrinkage was complete, and very close, in type 
but not degree, to the deterioration caused by the 
flood of 1966 and therefore irreversible.

To better clarify the concept, it is worthwhile 
explaining the first treatment that was carried out 
on the painting on its arrival in the laboratory. 
As mentioned earlier, the paint needed to have a 
chance to find, somehow, space enough for adher-
ing to the panel. For this, the four nails that con-

22. Detail of a nail separated from the crossbar.21. Drilling a core around the nail in the original crossbar.
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The treatment of the support of the triptych
The panel of Saint Michael also had old gaps 

along the joins between the central plank and the 
sides that had been filled by large poplar wedges 
leaving some disturbing, poorly aligned paint 
edges. Furthermore, the areas in proximity to the 
paint were filled with a very hard fill material of 
the type used in auto body repair shops. The old 
wedges were completely removed and the losses 
were freed from their fills (Figs. 24–25). The chan-
nels were reinforced by repairing the borders of 
each plank and then cutting a narrow channel for 
the definitive connecting wedges. The repair of the 
old channels was carried out with small sections 
of old poplar in order to break up the strength 
of the added wood. The last step of the wedge 
reinforcement process was to correctly align the 

Provide a clear view of the Trecento triptych, 
allowing for the assessment of which parts were 
missing and verify the original assembly method.

In the course of work, a further objective de-
termined was that of allowing for the triptych to 
been seen both in its fourteenth-century and in 
its sixteenth-century forms, developing a series of 
simple mechanisms to allow for a quick and safe 
change of installation depending on the version 
chosen.

After the preliminary procedures described 
above, work was begun by removing the six-
teenth-century frame from the fourteenth-cen-
tury painting. The work started with the central 
portion including Saint Michael and the lateral 
saints. First of all the rosettes in the corners of the 
sixteenth-century frame were removed followed 
by the frame elements that had been attached 
with nails and glue. This work, carried out with 
the painting lying horizontally, brought to light the 
hidden original frame bordering the scenes and 
along with its importance, it became evident also 
how the deterioration caused by the nail holes and 
glue tore portions of the paint itself. After having 
secured the paint, the artwork was positioned ver-
tically on an easel and was freed from the connect-
ing elements on the back that had been attached 
with nails. The lateral saints were therefore sepa-
rated from Saint Michael, pulling out the dowels 
inserted into the edges, and the small panels on 
the upper edge were detached (Fig. 23).

Seeing the individual components revealed the 
majority of the information that we described for 
the technique of the structure, like the way that 
the lateral saints and the gables had originally been 
continuous, and the precise spatial location of all 
the parts.

23. Dismantling the sixteenth-century frame.

24. Detail of a join of the central panel repaired with auto-body 
filler.

25. Wood pieces and portions of old fill extracted from the 
joins in the panel of Saint Michael.
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broken edges of paint, creating a continuous sur-
face (Fig. 26). The inserted pieces were glued with 
Bindan, a PVA. On the back, the areas that were 
not filled from behind by wedges were filled with 
small wood pieces placed under the level of the 
preparatory layers in order to provide a continu-
ous and homogenous surface for the paint layers. 
A similar operation of substituting large wedges 
was also carried out in the upper part of the same 
Saint Michael panel where there was an old re-
paired crack. The gable with the Madonna was 
reinforced along the joins, substituting the small 
strips inserted imprecisely in an early period with 
new strips with a rectangular cross-section. These 
elements were chosen specifically and adjusted 
with great precision; they were attached and the 
parts rejoined with PVA adhesive. Again, in this 
case, the edges of paint were properly re-aligned 
and strips of aged poplar wood were attached with 
Bindan. In the lower part of the panel of the ga-
ble, one area that was previously repaired with a 
single wood insert had become precarious. There-
fore, this element was substituted with a wood fill 
made in three layers, using small pieces of aged 
poplar glued with Bindan. The panel of Saint Bar-
tholomew also had a deteriorated area caused by 
ring shake and it was reinforced, again with aged 
poplar inserts (Fig. 27). After reinforcing the pan-
els, the new system for supporting the curvature 

of the panels was prepared. The central panel was 
reconnected to the original crossbars by filling in 
the space that was opened during the coring cuts 
around the nails with poplar wood and a mixture 
of the epoxy resin Araldite AW 106 / HV 953U (1: 
0.8) and Araldite SV 427 / HV 427 (1:1) in a 1:1 ra-
tio. The crossbars were therefore given back their 
old function thanks to the original nails being 
newly secured. The lateral saints no longer had any 
panel restraint in the upper portions and therefore 
new crossbars were planned that could serve a se-
ries of functions: along with that of responding to 
movement of the panels, they would allow for an 
easy attachment of the upper gables, and a stable 
connection to the portion of the original upper 
crossbar of the central panel. Two aged-poplar 
crossbars were prepared, quite similar in appear-
ance to the wood of the surviving crossbar on 
Saint Michael and with matching dimensions of 
depth and height. The crossbars were anchored by 
means of a sliding, flexible system based on three 
points of attachment per crossbar. Each connec-
tion point uses a double-threaded sleeve inserted 
in the holes of the old nails. The mechanism, com-
pletely hidden inside the crossbar, allows the panel 
transverse movement while a spiral, cylindrical 
spring, appropriately adjusted, exerts restraint on 
warping tendencies. A thin, vertical channel has 
been made on the inside of the new crossbars to 
accommodate a metal piece anchored to the gable 
as a reversible connector between the parts. Fur-
thermore, a metal “L” bracket firmly connects the 
parts of the crossbars of the single scenes restoring 
the lost unity of the triptych (Figs. 28–31).

The predella was reinforced in the areas that 
had been eroded by wood-boring beetles, espe-
cially the upper plank. The areas were consoli-
dated with applications of Paraloid B72, applied by 
brush as a 5% solution in ethyl acetate, and then 

26. Reinforcement using small pieces of old poplar and align-
ment of the margins of a gap in the panel of Saint Michael that 
had been previously repaired in the 1996 treatment.

27. Reinforcement and building up of a deteriorated area in the 
panel of Saint Bartholomew.
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filled with small pieces of aged poplar wood glued 
with Bindan. The internal reinforcing elements 
were also attached with Bindan and, where neces-
sary, with a mixture of epoxy resins Araldite AW 
106/HV 953U (1:0.8) and Araldite SV 427/HV 427 
(1:1) in a ratio of 1:1.

All the wooden parts of the triptych were de-
infested in an anoxic environment and protect-
ed with Permetar insecticide applied by brush 
(Fig. 32).

The restoration of the sixteenth-century frame
The conservation treatment for the frame had 

to include, besides the strengthening of its compo-
nents, a general plan for exhibition. The treatment 
also had to include making the sixteenth-centu-
ry portion self-sustaining so it could be viewed 
separately from Ambrogio Lorenzetti’s triptych, 
though also incorporating the possibility of hous-
ing the painted scenes in an easily reversible way. 
Therefore, the frames that surrounded the perim-
eter of the gables were separated from the original 
supports. The elements that were detached from 
the front surface of the triptych were reconnected 
in a stable way so as to form a solid and indepen-
dent structure on which to attach the three frames 
of the gables. The elements of the frames were 
glued again in the corners with a mixture of ep-
oxy resins Araldite AW 106 / HV 953U (1:0.8) and 
Araldite SV 427 / HV 427 (1:1) in a ratio of 1:1 The 
rectangular plaques with carved decorations that 
occupied the spaces above the lateral saints were 
re-attached to these. The brackets that served 
to anchor the lateral gables were adjusted to ac-
commodate the sixteenth-century version of the 

28. Detail of the mechanism of the attachment for the new sec-
tions of crossbar on the lateral panels.

29. Portion of the new crossbar applied to the panel of Saint 
Bartholomew.

30. Detail of the mechanism for attaching the gables to the lat-
eral panels.

31. Insertion of the gables in the slots of the new crossbars.

32. De-infestation of the triptych in an anoxic environment.
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triptych frame so as to still be able to anchor the 
painted scenes. On the sides edges of the frame, 
the pieces were attached that made up the old 
sides that were previously connected to the sup-
ports of the lateral saints and closed off the area 
connected to the pilasters. The sixteenth-century 
structure was re-assembled resting the lateral pi-
lasters and the central carved frame with the orna-
mented gables and intermediate pinnacles on the 

predella. These were all attached in a reversible 
way with glued and screwed elements.

The predella platform was consolidated with 
Paraloid B72, reinforced along the upper and low-
er surfaces, and the supports on the sides which 
would receive the connections to the pilasters. 
All the fills were made using small pieces of aged 
wood, arranged in layers and overlapping lengths, 
then glued with Bindan (Fig. 33).

33. The back of the triptych after the conservation treatment.

1 De Nicola noted a difference in sty-
listic period between the gable of the 
Madonna and Child and the other parts 
of the triptych. Brogi, in 1865, also saw a 

substantial formal variety in the altarpiece 
of St Michael stemming from the work of 
different hands, noted as a generic “Anony-
mous artists of the Sienese school [Ignoti 

artisti di Scuola senese]” in the museum 
guide. Palazzo Corboli Museo dell’Arte Sa-
cra, edited by Cecilia Alessi, pp. 114–15, 
Siena, 2002.
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Panel paintings: Some updates
Marco Ciatti

The activity of the Laboratory and some reflections 
on theory
Since the publication in 1999 of the volume 
Dipinti su tavola, entirely dedicated to panel 
paintings and their techniques of construction, 
deterioration, and conservation, many projects 
then in progress have been concluded and 
new ones begun. As always, facing the specific 
difficulties of each painting during treatment has 
stimulated reflection on both the theoretical and 
technical aspects of intervention. This attention 
is typical of our approach, since we are convinced 
that conservation ought never be limited to mere 
operational practice, but should always involve a 
research project that will require constant review 
in order to reach conclusion, even if this means 
questioning our own certainties. Only in this way 
will we be truly of aid to the artworks.

The year 2001 marked the conclusion of 
treatment on Giotto’s Crucifix from Santa Maria 
Novella. Very important observations emerged 
during this delicate work, especially during 
separation of the trapezoidal footboard from the 
main wooden structure to repair it and improve 
its connection to the rest of the Cross. On this 
occasion we identified two different episodes of 
modification to the painting: the first during its 
actual construction, resulting from the artist’s 
decision to incorporate an element that was 
initially intended only as a means of support into 
the main structure. This provision provided the 
space necessary to paint the detail of Adam’s 
skull on Golgotha, thus also amplifying the 
iconographic scheme in a way which actually 

changes our perception of the Crucifixion, seen 
as a narrative, more naturalistic representation in 
place of a basically iconic image focused on its 
symbolic significance.1 Of course this evolution 
was only partial, as Giotto continued to pay 
tribute to tradition: while the body of the crucified 
Christ is shown in a truly revolutionary, physically 
tangible form, the cross itself is still represented 
emblematically, since it is painted uniformly blue 
with ultramarine rather than depicted as if made 
of wood. Yet as if it were indeed a piece of wood, 
the Cross is driven into the rock of Golgotha, 
similar to the way it appears in Crucifixion scenes 
inserted in narrative sequences of the Passion 
of Christ. The second structural modification 
identified dates from a later moment, and was 
evidently undertaken to reinforce a particularly 
delicate part of the structure, perhaps to resolve 
problems deriving from the frequent moving of 
such a large, heavy object, certainly not easily 
accomplished without risking damage.

Again in 2001, the results following the com-
pletion of the conservation of the Sarzana Cruci-
fix were published.2 The painting, which bears the 
signature of Master Guglielmo and the date 1138, 
represents a veritable archetype of Central Italian 
panel painting, whose unusual structural features 
were previously discussed in our volume of 1999. 
The following year, 2002, work on the extraordi-
nary Madonna and Child from Santa Maria Mag-
giore was concluded, and became the subject of 
a special monographic volume. A new proposal 
for dating this panel was advanced, together with 
the attribution to an artist perhaps from southern 

This text has been previously published:
Marco Ciatti, “Introduzione,” in: a) Dipinti su tavola. La tecnica e la conservazione dei supporti, 9th edition, edited by M. Ciatti, 
C. Castelli, A. Santacesaria, Florence, Edifir, 2012; b) Panel Painting. Technique and Conservation of Wood Supports, edited by 
M. Ciatti, C. Castelli, A. Santacesaria, Florence, Edifir, 2006. Translated by Diane Kunzelman.
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Italy, but in any case part of the Byzantine cultural 
environment, active in Florence in the last quarter 
of the 12th century.3 This proposal was supported 
by archeometric analysis that included dendro-
chronology and radiocarbon dating, together with 
a lengthy series of observations and reflections 
on the painting’s typology and iconography, and 
even more so on the analysis of its technical char-
acteristics. The details presented in our publica-
tion highlighted the choice of chestnut wood for 
making the support, according to a custom that 
seems more and more typical of the century pro-
posed. Examination of the panel’s construction led 
to identifying other features that could be hypoth-
esized as typical of the 12th century: crossbars 
nailed to the upper and lower extremities on the 
rear of the wooden panel; joining using “cheese” 
glue (calcium caseinate); reinforcement of the 
joints with biscuits secured with pairs of wooden 
pins. Summing our knowledge of the methods 
used to build this panel, with those gathered on 
the Sarzana Crucifix and on the contemporary 
Rosano Crucifix, then under restoration in the lab-
oratory, we began to assemble a certain amount 
of significant data on the techniques in a period 
about which very little was previously known.

I would like to repeat here once more a con-
cept that has guided me over the last twenty years 
which justifies our plans for intervention on such 
ancient works: Giotto does indeed represent a di-
viding point, not only in stylistic terms but also 
from a technical point of view. The origin of the 
great renovation in painting taking place during 
the 13th century, so rich in new aspects, was ini-
tially Byzantine, then diffused throughout Tus-
cany through the mediation of the artistic cul-
ture of Pisa; carried on by Cimabue, and finally 
exploding with revolutionary impact with Giotto. 
It is therefore totally misleading to consider the 
entire field of medieval techniques only in the 
light of the otherwise more than instructive Li-
bro dell’Arte by Cennino Cennini and instead we 
can appreciate that the technical methods of con-
structing and painting wooden panels in the 13th 
century were fundamentally different; meanwhile 
the information contained in several earlier trea-
tises, such as those by Heraclius or Theophilus, 
is unfortunately only partial. The paintings them-
selves will therefore perform a function, not only 
as art, but as documents that permit us to recon-
struct this history.

The collaboration with the Soprintendenza of 
Pisa for the “Cimabue a Pisa” exhibition held in 

2005 represented an exceptionally important op-
portunity in this sense. Although there was only 
a limited amount of time available, the works to 
be exhibited were examined using various ana-
lytical methods (X-radiography, high-resolution 
IR reflectography and other infrared techniques). 
The results obtained from this fundamental doc-
umentary material were summarized in the ex-
hibition catalog, and then divulged in extended 
form in the subsequent technical bulletin issued 
by our Institute.4 The transition from chestnut 
to poplar wood for making the support was con-
firmed, the former being more frequently iden-
tified on works of the 12th century, while the 
second was preferred during the 13th century. 
Examination of the refined construction of these 
panel paintings revealed how completely each 
problem had been understood, and also pointed 
out certain features connected to local peculiari-
ties: though all the boards were butt-joined with 
casein glue, the use of dowels (cavicchi) prevailed 
and these were larger than those for Florentine 
panels; and the battens are narrower although 
somewhat deeper. It is interesting to observe that 
certain similar features have been observed on 
works made by Florentine artists for churches 
in Pisa, including Giotto’s Stigmata of St. Fran-
cis, therefore possibly constructed and painted in 
that city. Thirteenth-century Pisa was especially 
noticeable for the great variety of technical prac-
tices apparently existing simultaneously. For ex-
ample, the crosses built between the 12th and the 
early 13th century present either two separate 
arm pieces attached by means of a tenon inserted 
into a mortise on the central body, or a continu-
ous arm board united to the main body by means 
of a central cross-lap joint.

In 2004, the delightful, tiny processional Cross 
painted on both sides by Bernardo Daddi, now in 
the Poldi Pezzoli Museum in Milan provided a 
very interesting experience: both because it drew 
our attention to this special kind of small artifact, 
especially in comparison with the great crosses 
made for church partitions on which we are 
usually more accustomed to work; and because 
of a surprising finding from an innovative 
imaging technique.5 The principles behind 
this painting’s methods of construction were 
basically similar to those guiding the making of 
full-sized objects; however, rather than being 
surprising, this may actually be inherent to the 
very concept of the arts during the Middle Ages. 
In fact, as already mentioned, whatever material 
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was used to create an artwork in this period, 
and of whatever size it might be, from the small, 
precious artifacts fashioned by goldsmiths to the 
vast stone cathedrals, all was considered suitable 
to convey an analogous vision of the world, thus 
revealing a substantial unification of the arts. In 
this case, examination of the cross through an 
advanced system of tomography, made possible 
thanks to the collaboration of Siemens Italia and 
Maurizio Seracini, also provided fundamental 
information about the exact position inside the 
object of several screws added during a preceding 
restoration. The extraordinary three-dimensional 
rendering of the work not only exactly defined 
this situation and the related technical problems, 
it also showed the presence of a hidden cavity 
intended to hold a relic, not easily distinguishable 
in an ordinary X-radiograph. The detection of this 
element was particularly important for a better 
interpretation of the artwork’s meaning within a 
medieval context and in light of the function of 
the cross to prepare those condemned to death 
for execution.

During the year 2005, the lengthy and com-
plex treatment of the Pala Dei by Rosso Fiorenti-
no was completed and presented to the public in 
a small exhibition organized in the Sala Bianca in 
Palazzo Pitti.6 The complexity of this panel’s con-
dition from a practical point of view —the work, 
dating from 1522, had been enlarged at the end of 
the 17th century when it entered the Medici col-
lections— posed quite specific challenges for the 
specialists engaged in the structural reinforce-
ment: separation of the various parts, the repair 
of each damage caused by the enlargement, and 
the subsequent re-assembly of the entire paint-
ing, however implementing a new and more ap-
propriate support system.

In November of 2006, forty years after the 
1996 flood in Florence, the treatment of eight 
severely water-damaged panel paintings was 
concluded in the Laboratory and their return to 
the refectory in the Museum of Santa Croce was 
marked by a new installation designed by Con-
temporanea Progetti, also intended as a perma-
nent exhibition of their conservation. Although 
the solutions the department applied to these 
challenges have already been published, we may 
add here that the difficulties encountered were 
especially pronounced due to transfer operations 
begun previously, or when it was necessary to re-
pair the wood panels and regain satisfactory ad-
hesion of the paint layers, as was the case for the 

two enormous 16th-century altarpieces by Fran-
cesco Salviati and Agnolo Bronzino. The Bronzi-
no treatment, including several technical innova-
tions, had already been in part reported during 
the symposium organized to celebrate seventy 
years of the Laboratory’s activity since its found-
ing (1932–2002), and whose proceedings were 
published the following year.7 Another volume in 
the same series as the present one was specifically 
dedicated to the entire group of paintings, on oc-
casion of their new exhibition in the Museum of 
Santa Croce.8 Reflecting after a certain length of 
time on this last event, at the time usefully seen 
as a terminating-point for the lengthy operations 
still underway in the laboratory, we may affirm 
that the occasion itself was quite important, es-
pecially for those interested in reconstructing a 
history of restoration in Italy. The eight panels 
required different treatment methods, depending 
on what stage of work had been reached on each 
one previously. In several cases the first phases 
of a traditional transfer of the paint layers had al-
ready been started, with demolition of the wood 
and the degraded preparatory layers. Various 
more modern solutions were sought in resuming 
the restoration of these paintings, including ef-
forts to remedy the effects of the long interrup-
tion of work. In other cases, the entire panel was 
able to be salvaged, in particular those that had 
proved more resistant to the effects of the flood, 
sometimes also thanks to their more robust con-
struction. Both theoretically and technically, the 
most complex treatments were on the two mon-
umental altarpieces: Salviati’s Deposition and 
Bronzino’s Descent of Christ into Limbo, a subject 
rarely represented in Western art. Repair of the 
two wooden panels, which had suffered from var-
ious decay factors, was particularly problematic, 
as was regaining sufficient adhesion of the paint 
layers. Although the numerous technical innova-
tions for treatment were undoubtedly important, 
the most noteworthy aspect may be considered 
the general project planning: treatment was not 
the only element on which we relied to ensure 
the integrity of the panels. This was combined 
with successive preventive conservation. As is 
known, the effects of the flood on the most heav-
ily damaged works, such as those in the Museum 
of Santa Croce, were so profound that it became 
impossible to completely reconstitute stable con-
ditions without sacrificing part of the constitu-
ent materials, as was the case, in fact, with paint 
transfer operations. Analysis of the behavior of 
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the panels showed that even micro-movements 
of the wood, sometimes the result of small envi-
ronmental variations, could produce detachment 
due to the extreme deterioration of the prepara-
tory layers and the resulting loss of adhesion of 
the paint layers. We therefore decided to proceed 
in two different directions: both by recuperating 
the greatest degree of cohesion possible through 
application of the most sophisticated techniques 
developed by our restorers, and by introducing 
preventive conservation measures to limit the 
movements of the wood through the enclosure 
of the exposed wood of the sides and rear of the 
panel in a specially designed container. By uniting 
restoration and preventive conservation we were 
thus able to noticeably reduce the invasiveness of 
intervention, especially by avoiding transfer op-
erations, and then were able to replace the works 
in the refectory, itself without climate control, 
without any evident problems arising since then.

In the same period as the Santa Croce ini-
tiative, intervention on the Rosano Crucifix was 
also completed. This fundamental example of the 
earliest moment of panel painting in Florence 
was ascribed to the early decades of the 12th cen-
tury on the basis of the most recent studies car-
ried out during its restoration.9 Similar to many 
other works of the period, the painted cross was 
made of chestnut wood, and since it had never 
suffered substantial modifications it represented 
an exceptional document for research into the 
artistic techniques of the time. The wood struc-
ture was the subject of in-depth investigation, in 
part because of the deterioration and failure of 
the main joint uniting the horizontal arm pieces 
to the central vertical body. This led to perform-
ing an operation, at first apparently quite inva-
sive, but which in reality proved to be the most 
respectful and effective option: the main support 
elements were disassembled, obviously recog-
nizing this procedure as feasible only after hav-
ing ascertained that the joining method did not 
rely on clinched nails but only on the insertion 
of wooden pins. Treatment achieved the goal of 
totally reestablishing the original structure, as 
well as allowing for a thorough study of the tech-
nique. Again in 2006, the results of conservation 
and research on the Polyptych of the Intercession 
by Gentile da Fabriano were also the subject of 
a publication.10 This panel was long considered 
virtually impossible to salvage after the incred-
ible series of negative events it had endured. For 
us, this case represents a typical example of the 

way activity is planned and carried out by the 
Opificio: extensive study, here supported by re-
search for two diploma theses within our school, 
resulting in such a thorough comprehension of 
the materials and their problems that it was pos-
sible to formulate a treatment plan, then success-
fully carry it out. The study of the panel’s unusual 
construction was particularly interesting, and 
demonstrated the need to devise a special means 
of control, achieved by devising and applying a 
specifically shaped framework.

The extremely delicate intervention on Ra-
phael’s Madonna with a Goldfinch posed even 
more complex problems and uncertainties about 
how to resolve them. The panel had been broken 
into pieces in 1547, when the home of the Nasi 
family, where it was kept, collapsed in a landslide, 
according to Vasari’s well-known account.11 The 
repair work to remedy this had itself undergone 
inevitable alterations, resulting in the opening of 
fissures in the panel and noticeable surface ir-
regularities. Intervention to obtain the maximum 
strength when re-attaching the edges of the open 
cracks and the total elimination of the differences 
in level would inevitably be quite invasive. Fol-
lowing the present guiding philosophy, the aim 
was to define the degree of solidity necessary, in 
relation to the work’s future exposure to stress 
factors, and for this the Gallerie degli Uffizi con-
servators were involved in the question of how to 
exhibit it after restoration. The group decided to 
avoid replacing the work directly in contact with 
the surrounding atmosphere by enclosing it in a 
monitored, environmentally stable container. A 
climate-frame solution was chosen, inserted into 
the painting’s regular Gallery frame adapted for 
the purpose, which also reduced to a minimum 
any negative visual effects also thanks to the use 
of non-reflective glass. This permitted consid-
erably limiting our planned repair operations, 
which our restorers carried out in an almost mi-
cro-surgical way only in those areas presenting 
the most accentuated and dangerous alterations. 
The principle was therefore once again affirmed 
that intervention methods must be logically con-
nected to the environmental conditions of the 
exhibition site. In the same year the results of 
research on the predella scene now in the Ingres 
Museum of Montauban, originally part of Maso-
lino’s Carnesecchi Triptych, were published.12 De-
spite the panel’s small size, this experience was 
significant because of the need to create a spe-
cifically designed supporting framework, shaped 
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to fit the rear and connected to it by means of 
an elastic system. The remaining empty spaces 
were filled with slips of wood inserted without 
fastening them to the original panel. This provi-
sion increases the overall mass of the object, and 
thus naturally contributes to stabilizing the mi-
croclimate and therefore also the behavior of the 
wood. The results of such research have also been 
extended to other cases of panel control and sta-
bilization, taking advantage of the existing frame 
for both purposes, successfully employing the 
system to noticeably reduce the invasiveness of 
intervention. An excellent example of this prac-
tice was the beautiful Madonna Trivulzio by An-
tonello da Messina from the Museo Civico d’Arte 
Antica in Palazzo Madama in Turin.13

A much more extensive and equally complex 
project was carried out on the wood support of 
Mantegna’s San Zeno Altarpiece.14 The conserva-
tion problems requiring treatment in this case 
derived from various factors, primarily the dras-
tic restoration of the 1930s aimed at flattening 
the panel, done according to Mauro Pellicioli’s 
instructions, which entailed reducing the panel’s 
thickness accompanied by wedge insertion and 
followed by cradling. Further damage had been 
caused by repeatedly moving the very intricately 
built painting, whose problems of stability were 
worsened in such instances by the loss of the 
original features of its construction. Treatment, 
after the initial phase of study and analysis, there-
fore encompassed every possible aspect: anoxic 
disinfestation, repair of the single boards, revi-
sion of the support system on the rear, and im-
proving of the structure in general. The painting 
was then returned to its altar in the Basilica di 
San Zeno, with a new protective panel applied 
to the rear to stabilize the wood’s behavior. Since 
then, both the panel and the environment are be-
ing monitored and for now this indicates satisfy-
ing results.

The treatment of the panels of other monu-
mental works were also particularly complex, 
such as those on the Ognissanti Cross, mutilated 
as a result of a relocation and damaged by water 
infiltrations, and with the loss of one of the rear 
crossbars; and on the Linaioli Tabernacle.15 The 
study of the principles determining the meth-
od of construction used for the Cross not only 
served to plan the treatment, but also to supply 
the designers of the new support devices with 
the parameters of the distribution of the forces 
in play, in order to base the control system on 

the original concepts. Thanks to the collabora-
tion of various professional figures, the approval 
of the institutions involved and the generosity of 
the sponsor Arteria, it was possible to return the 
work to the Church of Ognissanti, placing the 
monumental Cross in the elevated chapel in the 
left transept, thus permitting a viewpoint analo-
gous to that of its original position on the par-
tition wall. The restoration, which also included 
preventive conservation measures to keep con-
stantly under control, not only preserved the 
ancient artistic materials, but also permitted the 
recovery of the meaning and religious functions 
of the artwork.

The conservation of the Linaioli Tabernacle, 
a work characterized by quite unusual methods 
of construction, permitted study and advanced 
understanding of the state of the fissures pro-
duced in the panel by movements of the wood 
over time, also through a new and very interest-
ing method for measuring micro-movements 
devised by colleagues from IFAC-CNR. Special 
technical features were also observed on the San 
Zanobi Dossal attributed to the Bigallo Master: 
despite its considerable dimensions this panel 
demonstrated the use of the hollowed-out meth-
od to obtain the flat board structure in a single 
piece with the frame, as was usual for much 
smaller icons of the East.16 Although much is still 
to be said on the implications of this technique, 
which was the object of detailed investigation by 
our restorers and the subject of a thesis for the di-
ploma of our School, we will limit our comments 
here to the related conservation problems. These 
were in part intrinsic to the technique itself, as 
well as being the result in this case of the invasive 
restoration of the 1930s, when the thickness of 
the panel was reduced, followed by cradling and 
then reconstruction of the original dimensions. 
Very complex procedures were needed to rectify 
the support and control system, and reinforce it 
by fastening a specially shaped framework to the 
rear with the, by now well-known, elastic system. 
Future publications on the conservation of Va-
sari’s enormous Last Supper from the Museum of 
Santa Croce are also planned. Initially financed 
by a special contribution from the Protezione Ci-
vile at the time of the events for the 40th anniver-
sary of the flood in Florence, it was subsequently 
inserted in the extensive Panel Painting Initia-
tive promoted by the Getty Conservation Insti-
tute and the Getty Foundation. It is important to 
mention that this difficult conservation project 
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has served as a case study on which many young 
colleagues from museums around the world have 
focused to acquire experience, thus sharing wide-
ly the excellence of our Institute’s practices.

The laboratory has also participated in recent 
years (1999–2006) in several other particularly 
stimulating research projects. Independently 
from actual treatment, our involvement was de-
termined by a recognized capacity to understand 
the characteristics of support construction, to 
the point of being able to propose—but also cer-
tain times to refute—hypotheses on questions of 
a strictly art-historical nature. As far as method 
is concerned, it is particularly important to note 
that a significant number of scholars have recog-
nized the importance of such technical studies, 
including those related to panels, for the overall 
comprehension of works of art. Perhaps the most 
important example of this activity has been the 
research on the panels by Masaccio and Maso-
lino. These results were presented in the volume 
edited by Carl Brandon Strehlke and Cecilia Fro-
sinini in 2002, sponsored jointly by the National 
Gallery of London, the Philadelphia Museum of 
Art, and our Institute, and generously financed 
by the Samuel H. Kress Foundation, and the ma-
terial also appeared in the proceedings of the 
conference held on the occasion of an exhibition 
dedicated to the great painter from San Giovanni 
Valdarno.17 Such recognition also evidently mo-
tivated the request for us to participate in an 
important conference on Italian panel painting 
organized in 2002 by Victor M. Schmidt, whose 
proceedings have been published by the Center 
for Advanced Study in the Visual Arts.18 Then in 
2004, we collaborated with several other institu-
tions in investigative research aimed at enrich-
ing the appreciation of the works in a Fra’ Car-
nevale exhibition with technical contents.19 More 
recently, in 2009, we took part in an important 
research project, promoted by the Harvard Uni-
versity Berenson Foundation and coordinated by 
Machtelt Israëls, which focused on reconstruct-
ing Sassetta’s double-faced altarpiece from Borgo 
Sansepolcro.20

The often-requested consulting role of the 
Opificio has always offered our institution the 
opportunity to investigate works and problems 
of noticeable interest. Among the numerous 
cases that may be cited, I would like to mention 
only two particularly important ones. The first is 
the restoration of the Castelfranco altarpiece by 
Giorgione, presented in a specifically dedicated 

volume in 200321; the innovative intervention on 
the support was carried out by Pier Paolo Mon-
fardini, among the young colleagues who have 
interpreted intelligently the approach absorbed 
during internship in our department. Another 
interesting case was the Verucchio Cross, re-
stored in the best possible way after suffering a 
disastrous accident, carried out by a group under 
the guidance of Marisa Caprara, implementing 
an intrepid but substantially respectful project 
devised by our sector.22 Lastly, the treatment of 
the wood support of the Pala Bottigella by Vin-
cenzo Foppa from the Museo Civico in Pavia was 
executed under the guidance of our Institute.23

Nor have these years passed in vain from the 
point of view of theoretical reflections, which 
have confirmed and even reinforced various 
methodological principles, capable in the past 
and also for the future of producing direct conse-
quences on the choice and elaboration of proce-
dures for intervention.

In my opinion the most important concept 
is considering restoration not to be just a series 
of more or less refined practical operations car-
ried out to treat a work at any given moment, 
but rather as a project specifically formulated ac-
cording to the characteristics and requirements 
of each single piece. We will not go into great 
detail here on this matter, as it has been the sub-
ject of a recent, specifically focused contribution, 
but it is important to indicate several especially 
meaningful points. The initial phase of a project 
must consist in research into the constituent ma-
terials and the immaterial significance conveyed 
by them; having understood this, it will be pos-
sible to establish the theoretical goals and con-
sequently the priorities which will be the basis of 
the guidelines for the entire intervention, includ-
ing work on the wood. All of this will be carried 
out, of course, in relation to the environmental 
conditions of the future exhibition site, which 
must be fully understood in order to plan treat-
ment correctly.

The concept of the need to reduce the inva-
siveness of support intervention to a minimum, 
already illustrated in 1999, has been further 
strengthened through diffusion of the concept 
of so-called “minimal intervention,” promoted 
in particular through the ingenious insights of 
Vishwa Mehra. This methodology has been de-
veloped in Italy especially thanks to the members 
of the CESMAR7 association, who opportunely 
dedicated one of their conferences to the matter 
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in 2004. It was particularly meaningful for us that 
the expert invited on this occasion to speak on 
the subject of wood panels was Ciro Castelli. It 
is our firm conviction that the importance of this 
approach lies in the renewed affirmation of the 
basic principle of respect for the artwork, while 
always encouraging continuous and prudent ver-
ification of the methods employed. This is con-
nected to what has already been said, in the sense 
that determining any minimum or maximum 
degree of intervention is obviously related to the 
results one intends to obtain, which in turn may 
be clearly and correctly defined only after hav-
ing followed a conceptual planning method as 
described above. In this way the valid outlining 
of an overall project for conservation may prove 
useful to really try to minimize intervention. 
Other theoreticians of restoration have accom-
panied the concept of “minimal intervention” 
with that of “sustainable conservation,” evidently 
borrowing the term from other aspects of human 
life. For us this means conceiving the reduction of 
invasiveness of restoration as a necessary requi-
site, not only as a form of respect for the material 
integrity of the work of art, but also to succeed 
in transmitting the document to future genera-
tions together with its entire content of meaning, 
avoiding the selective elimination of certain ele-
ments. This will allow the appreciation of aspects 
which perhaps we find less interesting today, but 
which in the future can acquire just such impor-
tance: in the end this means not entirely deciding 
at the present moment the future appearance of 
the work. However in this prospect we cannot 
and must not remain paralyzed about interven-
tion, but rather strive to correctly understand the 
influence the operations should assume, choos-
ing among those not heavily selective among the 
constituent materials and the various historical 
phases, evaluating them without referring only 
to the minor and often rather petty needs of the 
present moment. Whoever does restoration will 
determine the way in which a work of art may be 
appreciated in its future lifetime, and therefore, 
without wanting to be rhetorical, he/she actually 
assumes a responsibility of a historical nature.

A final theoretical consideration whose im-
portance has steadily increased in recent years, 
invests the relationship between restoration and 
the subsequent conservation of the work of art, 
moments and aspects which must be considered 
as part of a general plan for conservation, and 
not as distinct and even antagonistic disciplines. 

We must be aware that if restoration is a means, 
conservation is the finality, as Stella Casiello has 
written, and it is also true that restoration is not 
the only instrument that we can and must use to 
reach our goals: maintenance, preventive con-
servation, and restoration are the three arms we 
have available. Once again adequate and informed 
project-planning will permit us to select which 
instruments and how many of these to use each 
time. Certainly maintenance and preventive con-
servation ought to come first, if just because they 
aim at avoiding the damage that makes restora-
tion necessary; but since we live in an imperfect 
reality, we must also keep our third weapon per-
fectly effective, well-oiled, and up to date, to avoid 
finding ourselves having to face extremely serious 
problems without adequate means. It ought to 
be rather obvious, although in Italy this is ab-
solutely not so, that if everyone is so concerned 
about the maintenance of such a fundamentally 
insignificant object as an automobile, there is no 
reason for not considering this absolutely nec-
essary for a precious and delicate artwork. Even 
common sense tells us that it will be useless to 
take the trouble to restore a work of art with so-
phisticated methods and employing substantial 
resources (and perhaps even following the pre-
cepts of “minimal intervention”), if no one cares 
to provide for subsequent preventive conserva-
tion, the only way to assure the lasting nature of 
whatever positive results are achieved. Otherwise 
even the most limited degree of invasiveness will 
prove to be negative, rendered useless due to rap-
id reproduction of the decay factors. There is still 
another and more profound meaning of the need 
for relating the moment dedicated to restoration 
to provisions for preventive conservation: if we 
attempt to obtain the desired result from the sum 
of their combined actions, then it may be possible 
to really reduce the invasiveness of intervention, 
since restoration alone is not asked to take on the 
entire task of conservation. This appears evident 
in the case of works where the adhesion of the 
paint layers has been seriously weakened because 
of problems of partial de-cohesion of the prepara-
tory layers, such as on the flood damaged panels 
in the final phases of restoration in the laboratory. 
If we had wished to reach a sufficiently solid state 
only through “restoration,” in fact, it would have 
been necessary to carry out much more invasive 
operations, even to the point of transferring the 
painted surfaces to a new support. The strength 
of the adhesion of the paint layers re-established 
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on Bronzino’s Descent to Limbo and Salviati’s 
Deposition from the Cross is certainly not excep-
tional, and may be considered sufficient only if we 
add the partial stabilization of the behavior of the 
wood achieved by enclosing the rear and sides of 
the support in a specially designed container, to 
considerably slow down its tendency to move and 
therefore transmit stress to the preparatory-paint 
layer complex. In restoration, evaluations on the 
finalities of the various phases are often expressed 
very superficially: for example, what exactly does 
it mean to say that the support or the paint layers 
have been “consolidated”? Evidently, beyond the 

impossibility of quantifying the data in relation 
to what would pertain to a “healthy” object, the 
degree of solidity an object has obtained through 
intervention is connected to the negative stimuli 
the work may encounter in the future. For this 
reason, initiating restoration without knowing 
what the future environmental conditions of the 
work will be, and in any case not reflecting on 
this aspect and perhaps acting to improve these 
conditions, is today frankly irresponsible and 
hopefully belongs to a past era of restoration. Our 
work and this volume aim at going in the desired 
direction.
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pisana del Duecento da Giunta a Giotto, ed. 
by M. Burresi, and A. Caleca, Pisa, 2005, pp. 
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nini, A. Natali, and P. Riitano, Florence 2008.
12 Masolino, Storie di San Giuliano, Un 
restauro tra Italia e Francia, ed. by M. Ciatti, 
C. Frosinini with R. Bellucci, Florence 2008.
13 R. Bellucci, P. Bonanni, G. Brunetti, S. 
Calussi, M. Ciatti, B. Doherty, R. Fontana, C. 
Frosinini, L. Giuntini, N. Grassi, P.A. Mandò, 
M. Massi, M. Mastroianni, M. Materazzi, A. 
Migliori, C. Miliani, P. Moioli, E. Pampaloni, 
L. Pezzati, P. Pingi, F. Rossi, C. Seccaroni, F. 
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supporto scavato del Dossale di San Zanobi: 
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tipologia costruttiva dei dipinti su tavola,” 
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1. Introduction

The main purpose of this contribution is to share 
the results of over forty years’ work in the Depart-
ment of Panel Painting Restoration at the Fortezza 
da Basso Laboratory in Florence. The main themes 
treated are the techniques of construction of wood-
en supports for painting; the conservation problems 
caused by the physical decay of the material com-
ponents; and the various types of restoration treat-
ments that have been carried out on these objects. 
Starting our discussion of panel painting with the 
methods used for construction may appear rather 
didactic or perhaps even somewhat tangential, 
especially since the most urgent problems these 
works face today concern their preservation. So 
why shouldn’t we dedicate immediate attention to 
the factors causing accelerated aging and deteriora-
tion, or to the appropriate methods for conserva-
tion? In reality, some very important reasons lie be-
hind this, first of all the conviction that it is not pos-
sible to address any specific case of deterioration 
and the related conservation problems without first 
formulating a precise, comprehensive idea of all of 
the work’s components. Only by gaining in-depth 
knowledge about the techniques and materials un-
derlying the artworks’ design and construction will 
it be possible to analyze the reasons for deteriora-
tion and to recognize the signs that indicate past in-
terference with the objects. It is equally important 
to relate this knowledge to understanding the en-
vironmental conditions of the artwork’s exhibition 
site: in fact the severe effects of unsuitable param-
eters are known to be among the primary causes 

of accelerated aging and decay of the material 
components. The study of the various categories of 
artisans that collaborated in producing the objects 
will also be useful, since understanding their work 
procedures and specific fields of expertise will help 
us to distinguish problems which might derive from 
original features, from those induced by episodes of 
past restoration (in reality the greatest cause of the 
aggravation of decay factors). Useful information 
on this subject may be found in various manuals 
such as those authored by Secco Suardo and Forni, 
as well as in various nineteenth-century restoration 
reports.1

These brief preliminary remarks are not to be 
interpreted as wanting to contribute in any way 
to certain sterile polemics, such as those which 
have sometimes arisen from the contrasting 
opinions of various groups practicing this sort of 
restoration. In fact, we wish to contribute usefully 
to understanding the problematic history of these 
objects’ conservation over the centuries. It is 
certainly true that the structural conservation of 
panels has always been relegated to the margins of 
the conservation field, and those who have done this 
work were often borrowed from generic carpentry, 
and moreover, usually directed by persons whose 
expertise focused more on the pictorial aspects 
rather than on the composite structures typical of 
panel paintings and other wooden objects. Analysis 
of this kind helps us to understand just how incorrect 
certain evaluations of conservation problems 
may be, the result of systematically privileging the 
works’ aesthetic appearance, and from considering 
the objects as a set of separate materials rather than 

Techniques of construction
of wooden supports for painting

Ciro Castelli

This text has been previously published:
“Dipinti su tavola, la tecnica di costruzione,” by Ciro Castelli, from: a) Dipinti su tavola. La tecnica e la conservazione dei supporti, ninth 
edition, edited by M. Ciatti, C. Castelli, A. Santacesaria, Florence, Edifir, 2012; b) Panel Painting. Technique and Conservation of Wood 
Supports, edited by M. Ciatti, C. Castelli, A. Santacesaria, Florence, Edifir, 2006; c) Dipinti su tavola. La tecnica e la conservazione dei 
supporti, edited by Marco Ciatti, Ciro Castelli, Andrea Santacesaria, Florence, Edifir, 1999. Translated by Diane Kunzelman.
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moments of the greatest technical and cultural evo-
lutions taking place in general: the thirteenth and 
fourteenth centuries, part of the fifteenth, and the 
sixteenth century. The basic configuration of the 
panels examined here is essentially a wooden board 
structure designed to receive the preparatory lay-
ers, and a supporting system attached to the rear. 
The latter could consist simply in straight horizon-
tal crossbeams, or be arranged in a more complex 
form, such as a perimeter framework into which 
the crossbars were inserted, or a grid such as those 
used for painted crosses or particularly large panels. 
These support mechanisms were designed to en-
sure general structural reinforcement and to resist 
the tendency of the wood to warp and curve, and as 
we will later see were the components that concep-
tually changed the most over the centuries.

The board assembly would be completed by 
adding a frame, either placed frontally and united 
to the boards around their perimeter, thus acting as 
a counterpart to the battens on the rear, or in cer-
tain periods also fashioned to enclose the panel’s 
outer edges. This latter solution had the advantage 
of protecting the wood from variations of relative 
humidity, while also playing a structural role help-
ing to keep the panel flat. While the relationship 
of the frame components to the rest of the object 
evolved in the course of time, their basic aesthetic 
and mechanical functions remained constant. The 
supports examined, although apparently assembled 
in a basically elementary form, in reality involved 
applying precise technological principles. These 
criteria respond not only to the artworks’ specific 
typologies, but also to the essential functional quali-
ties of the materials themselves, designed and em-
ployed to assure the efficiency of the ground layers 
and the overall strength of the structure, and to pro-
tect the panel from external environmental factors.

2. Medieval panel paintings

The panel paintings dating from the earliest period 
examined here are characterized by their particu-
larly solid and stable construction coming from the 
excellent choice of materials and the rigorous ap-
plication of the various technical procedures. This 
is true of both the methods used to construct the 
panel and to prepare it for painting, both of which 
followed the technical precepts of the “workshop” 
tradition, meaning by this the wealth of empirical 
knowledge inherited, developed, and improved 
over the centuries. The study of the surviving works 

as a single entity whose very existence depends on 
the delicate balance of its multiple components. 
Studying past restorations helps us to verify that 
this has indeed often been the case.

The general approach to wooden objects 
has evolved considerably in recent decades, 
becoming increasingly self-critical. There seems 
to be a growing sensitivity already evident during 
professional training, which in turn leads to a 
greater awareness of the limits of customary 
restoration techniques, and to realizing that the 
best way to respond to conservation problems, 
according to the general principles of due respect 
for the artwork, entails attention to every single 
part of it and avoiding any incautious, invasive, or 
even worse, destructive actions.

The previous observations thus serve to intro-
duce our discussion of the construction of panel 
paintings from the early twelfth through the six-
teenth centuries. While the main material compo-
nents of the artifacts remained basically the same 
throughout the entire time span, the most signifi-
cant changes apparently took place in the develop-
ment of the techniques for constructing wooden 
supports, together with those regarding the paint 
layers, and the design and execution of frames.

The subject of wood as a material emerges as 
one of the most innovative, or shall we say newly 
re-discovered components of our discussion. The 
choice of the materials for wooden objects and 
the modes of their assembly and protection were 
based on excellent knowledge, as in fact emerges 
from their direct observation. Such ability certain-
ly did not come out of nowhere, being undoubted-
ly the fruit of a highly refined workshop tradition 
passed on over the centuries. Wood itself may be 
considered a material perfectly suitable for mak-
ing supports for painting: typically easy to tool and 
work, resistant and long lasting, it was able to sup-
ply an excellent surface to receive the preparatory 
layers; another advantage was its suitability for 
making both large and small works. These posi-
tive aspects definitely contributed to the diffusion 
of wood-based artifacts from the Middle Ages 
through the Renaissance and beyond, and were 
further enhanced by combining the use of wood 
as a support for painting with the application of a 
gypsum and glue ground, itself able to confer spe-
cial qualities to the polychrome surface.

We may identify several broad periods in the 
five centuries taken into consideration here, when 
the main developments of wood support construc-
tion occurred. These periods also correspond to the 
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confirms this, demonstrating a choice and crafting 
of the wood that responds to all of the requisites 
for achieving the highest quality results. The boards 
were generally sawn from the tree trunk in paral-
lel longitudinal sections (as was common then and 
is still practiced today), after which they were ap-
propriately seasoned.2 The boards chosen for mak-
ing the object were prevalently those cut straight 
through the central part of the diameter of the tree 
trunk, including several that incorporated its entire 
width. In this case, however, care would be taken to 
eliminate the central part or pith,3 therefore in re-
ality producing perfectly radial-cut boards. In fact, 
the supports examined reveal a generally scarce 
presence of complete tangential boards.4 Further-
more, the side edges of the sawn planks were planed 
down to eliminate any remnants of sapwood, prone 
to decay and the attack of wood-boring insects. The 
boards chosen to compose the panels usually had 
straight-running grain, homogenous consistency, 
and a limited presence of large knots or other de-
fects, which in any case would be repaired by cover-
ing them with appropriate plugs. Besides this care-
ful choice of materials, we may also observe that 
most supports are rather thick in proportion to the 
overall dimensions of the paintings. This was cer-
tainly not accidental but rather a calculated choice 
aimed at assuring adequate stability, meaning the 
panel would resist adverse climate fluctuations and 
thus be as durable as possible, positive qualities that 
would translate to the preparatory layers. The vari-
ous phases of workmanship were carried out to the 
highest degree of perfection: the sawn boards were 
joined perfectly; choice materials were selected for 
the crossbeams which were then tooled to perfec-
tion; the frame was fashioned and applied in order 
to fulfill its various aesthetic, structural, and protec-
tive functions; cloth was applied to the wood to buf-
fer its movements, as well as to connect the various 
frame pieces to the rest of the panel.

Coating the rear with materials similar to those 
used to prepare the front for painting concluded 
the construction of the wooden support. An 
example of this procedure may be seen on a Jacopo 
Franchi triptych now in the Galleria dell’Accademia 
(Florence): the wood on the rear has been covered 
with multiple layers of gesso grosso composed 
of gypsum and glue, then painted in a tempera 
medium with a decorative motif that imitates 
squares of marble. In other cases, such as Giotto’s 
Crucifix from Santa Maria Novella, his Maestà now 
in the Uffizi, the altarpiece from San Giorgio alla 
Costa, the Stigmata of Saint Francis in the Louvre, 

and the Madonna and Child from the Oratorio 
di Sant’Omobono in Borgo San Lorenzo (whose 
original dimensions have been drastically reduced), 
the rear was finished with coats of minium in a glue 
medium. Applying these materials to the bare wood 
aimed at balancing the effects on the two sides of the 
panel deriving from exposure to the surrounding 
environment, acting as a barrier against wood-
boring pests and climatic fluctuations, while also 
conferring aesthetic values to the work.

2.1. Typology of the artworks
We will now examine several typical catego-

ries of painted wooden panels dating from the 
thirteenth to the end of the sixteenth century, to 
analyze how they were built and how the materials 
and technical developments evolved over the cen-
turies. We can begin by examining several specific 
typologies: altar frontals or dossals (antependia); 
carved-out panels with integral frames; rectangu-
lar panels with or without haloes carved in relief; 
painted crosses; altarpieces with cusped arches or 
gables; the triptych and polyptych composed of 
single or double registers; colmi (small paintings 
for private devotion, often in the form of taber-
nacles with or without closable doors); and birth 
plates (deschi da parto). We will conclude with a 
few remarks on Flemish panel paintings, although 
these constitute a subject of their own which 
makes it impossible to treat them completely here.

2.2. The construction plan
The making of a wooden object, as simple or 

complex as it might be, clearly arose from precise 
preliminary agreements with the patron, establishing 
the shape and dimensions of the work, what type 
of wood to use, and the criteria for choice of the 
materials. Working methods and the degree of the 
object’s finish would be defined, together with the 
length of time needed to complete it and the terms 
for consigning the finished piece. Documentary 
evidence provides us with precise information about 
the prices of a woodworking bottega: for example, the 
convent of Santa Felicita paid the considerable sum 
of eighty gold florins in 1395, for the wood support 
of a polyptych for the high altar of the church. The 
expense for carpentry usually represented about 
15–20% of the total cost of the artwork.5 The project 
certainly included precise obligations for the patron, 
the painter, and the woodworker. Payment could be 
divided into various installments, especially for such 
complicated panels as a polyptych: at the moment 
of signing the contract, during its making, and upon 
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consignment. According to the contract for the 
Sassetta altarpiece for the high altar of the Church 
of San Francesco in Sansepolcro, stipulated on 
September 5, 1437, the term for consigning the panel 
was four years, although it was actually finished 
only after seven. The amount agreed upon was 
rather high, 510 florins, and included the carpentry 
work the master from Siena was obligated to redo 
completely, since Antonio from Anghiari, to whom 
the work had been first assigned, retained what he 
had already prepared. The contract also fixed the 
payment schedule in three portions of 170 florins 
apiece.6 Other documents have been discovered: 
those for Filippo Lippi’s Maringhi altarpiece for the 
altar of Sant’Ambrogio (1439–1447), which cost 35 
florins for the woodwork and another 426 florins 
for painting; or those for the Masaccio’s polyptych 
for the Church of the Carmine in Pisa (1426), 
whose panel cost 18 florins and the painting 80. The 
amounts varied according to the patron’s capacity for 
investment and how important the artists involved 
were.

We have seen evidence on various works that 
the panel’s construction plan continued to be de-
veloped and adapted during production, as seen 
by full-scale marks made directly on the wood. 
This procedure has been observed in each period 
and for every type of panel.

Once all the materials for building the sup-
port were ready, bringing each section to the size 
decided, and leveling the edges of the boards to 
perfection for joining, the normal procedure fore-
saw marking where biscuits (ranghette) and dow-
els (cavicchi) were to be inserted.7 The position of 
the biscuits and the dimensions and final shape of 
the entire panel—rectangular, arched, or circu-
lar—would be marked on the boards after their 
assembly. The final step would be to define the 
position of the crosspieces. These were certainly 
complicated operations when planning a triptych 
or a polyptych: the space had to be divided and 
the form of the panels traced, the outlines marked 
together with the dimensions of the cusps, and 
the placement of the surmounting parts indicated. 
The final operation consisted in marking the po-
sition of the painted architectural and figurative 
elements. Similar procedures were followed for 
crosses after completion of the vertical body and 
arm pieces, a generally more complicated opera-
tion in comparison to marking rectangular pieces 
given their often non-linear perimeters.

An example of this form of preliminary mark-
ing was found on the central panel of the Madonna 

and Child triptych from the Church in Romena at-
tributed to Giovanni del Biondo, heavily damaged by 
the flood of 1966: after removal of the pointed arch, 
three red lines, still sharp, were found that had been 
used to indicate the base and the point of the gable. 
Similar signs have also been observed on the wooden 
panel of Lorenzo Monaco’s Coronation of the Virgin 
altarpiece, today in the Uffizi: red lines were drawn to 
mark the areas where the battens would be placed on 
the rear, while others on the front traced the shapes 
of the gables, the arcs of the framing elements, and 
the overlying aedicules. Similar features have been 
observed on works by Fra Angelico, such as the al-
tarpieces from San Marco, Annalena, and Bosco ai 
Frati, in the form of continuous straight red lines 
where the battens were to be fastened to the rear. 
The position of several biscuits appeared on the rear 
of Bronzino’s great panel of the Descent into Limbo 
from the Santa Croce Museum, to indicate where 
holes should be driven into the wood to insert the 
pins which would fasten the biscuits in their position 
midway inside the thickness of the support.8 Tracing 
the design on the rear when preparing the support 
of monumental crosses was of fundamental impor-
tance, done to mark the central point of the main 
body and arm panels, the contours of the terminals 
with the Mourners, and the spaces where the other 
parts should go. This procedure has been followed 
in Giotto’s Ognissanti Crucifix and in the great San 
Marco Crucifix attributed to his school9 (Figs. 1–2). 
Such planning permitted the woodworker to orga-
nize and construct the support in a rational way, 
following a sequence which foresaw preparing and 
finishing the necessary boards, assembling them, 
then preparing the battens and whatever inserts the 
format might call for, and lastly drilling the holes to 
receive the nails. The same rules were followed for 
the frame components, which were prepared in the 
required form prior to their attachment to the panel. 
If the object were a polyptych, all the various archi-
tectural elements, gables, pinnacles, predella, pilas-
ters, etc., would be prepared according to the plan. 
Once the board structure was completed, it could be 
adjusted to size if necessary, and the other elements 
mounted according to the design: arches, the predel-
la below, and any other structural components such 
as columns, pinnacles or whatever was required to 
finish the product.

2.3. Types of wood and their characteristics
Choosing a certain type of wood for making 

painted objects was certainly never haphazard, 
although to a certain extent the sources of 
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supply typical of a certain geographical area 
might influence the choice. A useful source of 
information about the species of wood used for 
making painting supports in antiquity is Pliny 
the Elder: he mentions lime (linden), acacia, fig, 
cedar, and sycamore trees as sources of wood, 

used for paintings ranging in date from the first 
through the fourth century A.D.10 It should 
be remembered, however, that the rare works 
surviving from this period are confined to a single 
type, that is funerary portraits. Cennino Cennini’s 
Libro dell’Arte cites the use of wood from fig trees 

1. Giotto, Ognissanti Crucifix. Reverse. After cleaning, marks made to guide the cutting of the shape of the cross were found, espe-
cially in the terminals with God the Father and the Mourners
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and from what he calls albero (which in modern 
Italian simply means tree), as well as from lime 
and willow trees. These indications correspond 
to the following species: white poplar (Populus 
alba L.), lime or linden (Tilia cordata L.), and 
willow (Salix alba). Although these authors do 
not cite cypress as a source of wood for making 
panels, its use has been verified for the so-called 
Madonna della Clemenza, an early medieval work 
conserved in the Roman church of Santa Maria in 
Trastevere. Cypress wood was also used for the 
Virtue panels that Piero Benci, called Pollaiolo, was 
commissioned to paint to decorate the stalls in the 
hall of the Florentine Tribunale della Mecanzia 
(Merchants’ Tribune), the first to be finished being 
Charity (August 18, 1469). These ogival panels are 
painted on cypress wood (with the exception of 
Botticelli’s Fortitude which is poplar) and were 
made without battens.

Pear tree wood has also been used for making 
panels for painting, although it was more frequently 
used for furniture. The types of supports made of 
pear require further investigation, since the known 
examples are very rare: the only one we have en-
countered up to now is an oil painting represent-
ing The Daughters of King Ferdinand I by Jacob 
Seisenegger, c. 1534, in the Museum of the Castello 
del Buon Consiglio in Trent (204 x 113 cm and 1.5 
cm thick). Olive trees were also used, although this 

wood’s features differ greatly from those of pop-
lar, being very fine grained and with a surface that 
seems oily. Olive wood has been used for the sup-
port of the Baptism of Christ by Pietro Vannucci 
called Perugino (1490–1500, 30 x 23.3 cm), now in 
the Kunsthistorisches Museum in Vienna.11

The most frequently occurring species of wood 
used for the works we have had the opportunity 
to examine directly are rather limited in number: 
chestnut, poplar, lime, spruce, silver fir, walnut, 
cypress, and cherry wood; while wood of the oak 
tree was preferred by Flemish artists. The choice 
of the wood for crossbars does not seem to follow 
the precise rules typical for supports: while for the 
earlier works chestnut and elm wood were pre-
ferred, in later centuries we find an abundance of 
battens made of wood from poplar and fir trees. In 
the area in and around Siena, the use of chestnut 
for constructing crossbeams persisted over the 
centuries, to the point where it may be said that 
this species dominates throughout the course of 
the fifteenth and sixteenth centuries.

Fundamental research aimed at identifying the 
wood used for making supports for painting is that 
done by Jacqueline Marette, who identified the 
wood species of over 1,000 panel paintings dating 
from the twelfth to the sixteenth centuries.12 Her 
study reports that in Italy poplar wood was the 
species used in 90% of the cases examined, while 

2. The marks on the rear of the panel allowed reconstruction of the design used to cut the contour of the cross after its assembly.
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the rest of the total is divided among 2% lime, 
3% silver fir, 1% spruce, 3% walnut, and 1% oak. 
Leonardo da Vinci painted both the Lady with an 
Ermine from the Czartoryski Museum in Krakóv, 
and the Musician in the Pinactoeca Ambrosiana in 
Milan on walnut.

The wood of chestnut trees was used rather 
frequently during the twelfth and thirteenth cen-
turies, less so in those to follow. Chestnut has 
been used for the panels of several very important 
works, such as the Crucifix in the Duomo of Sar-
zana, painted by Master Guglielmo in 1138, and 
many other works dated not long after. This species 
was widely diffused in the areas around Lucca,13 
and Pisa, but also extended to Florence, where we 
find it in the Rosano Crucifix, in the carved bas-
relief panel from the Church of Santa Maria Mag-
giore, and in the Crucifix no. 432 from the Gallerie 
degli Uffizi. Poplar wood (Populus alba) was also 
used during this early period, although it may be 
affirmed that its systematic use began only in the 
second half of the thirteenth century, in particular 
for the monumental painted crucifixes, gabled al-
tarpieces, and other types of objects.

As for lime wood, we have found relatively few 
panels made of this material, although several are 
the works of such important painters as Dürer, 
Cranach, and Raphael. Coniferous wood is mostly 
present in northern Italy, in particular in the Vene-
tian region, although important thirteenth centu-
ry panels made of this material may also be found 
also in southern Italy.14

Cypress has been determined in only a few cas-
es, such as the previously mentioned Virtues by Pie-
ro del Pollaiolo painted for the Merchants’ Tribune. 
The restoration of their supports15 has revealed the 
methods of construction: three boards of which the 
central is the widest have been butt-joined edge to 
edge; no battens have been fastened to the rear; 
instead “dovetail” elements have been set into the 
joins, with shaped rather than straight edges form-
ing a decorative motif. The Madonna della Clem-
enza is also made of cypress wood with three verti-
cally arranged boards, also joined by uniting their 
flat edges, and with a linen cloth laid down over the 
wood. This painting conserves its original chestnut 
wood frame, characterized by the groove carved 
into its inner edge that allows it to be fitted onto 
and enclose the panel’s perimeter.16

Beyond what strictly involves the technology 
of the materials, the use of the various species of 
wood may be logically connected to the works’ in-
tended function. Its choice was certainly guided by 

the desire to find a material suitable for obtaining 
the greatest degree of stability and durability of the 
objects, as well as uniformity, fineness of grain, and 
correct surface porosity, qualities capable of offer-
ing an optimum surface for the preparatory layers. 
Chestnut trees, which belong to the deciduous cat-
egory, provide wood that possesses most of these 
qualities, especially a good stability in the presence 
of ambient variations in humidity and resistance to 
wood-boring insects. These are combined, how-
ever, with certain negative aspects, mainly due to 
the presence of tannins and to the wood’s irregular 
texture. In fact, tannin may become soluble during 
the application of gesso, with the risk of staining the 
ground, while the irregularities may affect the ad-
herence of the ground layers to the surface. In any 
case, coating the wood first with glue and adhering 
cloth to it before applying the gesso could efficiently 
counteract such negative factors.17

Poplar wood also has various positive quali-
ties, being lightweight, easy to season and work, 
relatively uniform, with an appropriate degree of 
porosity and good chromatic appearance. Further-
more, thanks to the relatively low specific gravity 
of this type of wood, RH variations do not engen-
der any particularly accentuated phenomena of 
dilation and warp, considered among the most 
dangerous factors for polychrome artifacts. On 
the other hand, poplar wood also presents certain 
negative characteristics, in particular its vulner-
ability to attack by hylophagous insects. In com-
parison to the other species taken into consider-
ation, the wood from coniferous trees has certain 
features that render it the least suitable for sup-
port construction, such as its marked irregularity, 
greater tendency to react to RH variations, and 
scarce resistance to mold.

2.4. The woodworker’s workshop
The descriptions contained in various 

manuscripts provide us with an idea of how a 
Quattrocento craftsman’s workshop was organized; 
other documents transcribe the actual laws and 
statutes regulating the practice of this craftsmen’s 
trade in the Florentine Republic of the period. “As 
is well-known, in 1314, painters in Florence had the 
opportunity (and obligation) to register in one of 
the most important major guilds, that of the Medici 
e Speziali. The members of the woodworkers’ guild 
were those meant for structural tasks but they were 
also authorized to paint, letting us deduce that the 
relationship between painters and craftsmen was 
becoming increasingly closer.”18 The types of tools 
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2.5. Construction of the panel
The most commonly used method for cut-

ting boards from the tree trunk was to cut parallel 
planks of various thicknesses from the trunk, slic-
ing through it from one side to the other. In this 
way it was possible to obtain the greatest quantity 
of material from the trunk, in the form of boards 
each having a different type of cut: diametrical, 
sub-radial, sub-tangential, and tangential (Fig. 3). 
This method of board cutting has been used for 
all of the works made in Italy, and we may also say 
in general in Europe. Several Flemish paintings 
are an exception to this, being made with boards 
cut from tree trunks divided into quarters. After 
selecting the wood of the desired plant species 
and having the appropriate properties, the boards 
would be selected for assembly, privileging the 
ones obtained from the area nearest to the center 
of the trunk. The boards would then be readied to 
receive the preparatory layers, preferably the side 
facing inwards towards the center of the trunk 
because this position provided greater stability.22 
Stability was such an important aspect that it was 
also sought after by choosing very thick boards in 
proportion to their width and height, since the in-
crease in mass was able to slow down certain po-
tentially harmful physical reactions.

Each board was worked separately, dedicat-
ing more attention to the front side to be painted, 
smoothing it down with care; the rear was usually 
finished less accurately, often leaving it just as it was 
after sawing, or only partially smoothing the surface 

used to construct the objects have been illustrated 
in various ways, supplying useful information 
about them: for instance, woodworking utensils 
were sometimes represented in the inlays of 
fifteenth-century wooden choir stalls; or, as they 
appear in another important example, carved on 
the pilasters of the Badia di Rofena triptych.19 A 
scene in a 1470 miniature by Jean Bourdichon is an 
especially meaningful painted example, showing 
the woodworking tools and the objects made with 
them.20 Another example is one of the three sections 
of the Mérode triptych painted by the Flémalle 
Master (Robert Campin) in 1427, depicting St. 
Joseph in his very tidy carpentry workshop with the 
tools of his trade.

However, it is mainly through direct exami-
nation of paintings dating from the various peri-
ods and the study of the techniques used for to 
construct them, that we are able to gather useful 
information for understanding the way these ar-
tisan workshops were organized and how work 
proceeded during the late Middle Ages and the 
Renaissance. The construction of works of such 
large dimensions as Giotto’s Crucifix from Santa 
Maria Novella (whose height is 530 cm by 400 cm 
in width at the extremities of the arms, and which 
weighs about 300 kg), or Duccio’s Rucellai Ma-
donna now in the Gallerie degli Uffizi (450 x 290 
cm, surely weighing around 450 kg), or his gabled 
Maestà in the Opera del Duomo in Siena would 
certainly have been impossible without having 
ample work space and many differently specialized 
craftsmen available. We also know of very large 
panels fabricated in the ample spaces of churches, 
for example Bronzino’s Deposition made for the 
Zoccolanti friars of Cosmopoli (Portoferraio) on 
the Island of Elba, but crafted in the precincts of 
the Church of Santa Croce in Florence.21

Documents referring to the construction of 
choir stalls often cite the name of the workshop 
headmaster, who was responsible for the most 
delicate and important tasks, although it is obvi-
ous that many other persons would also labor un-
der his guidance. The woodworkers assigned to the 
heaviest building tasks were surely among these, 
despite the fact that they were certainly not also in-
tarsia inlayers or carvers. These observations may 
be useful compared with what happens today, for 
example the fact that in the past the manual toil of 
constructing wooden objects basically involved the 
same techniques as those dedicated to the rest of 
the work, requiring identical criteria for choosing 
the materials and organizing labor in the workshop.

3. Drawing illustrating the way in which a tree trunk was sawn 
into boards.
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by gluing with calcium caseinate.25 The boards were 
usually butt-joined side to side, although there are 
cases of continuous tongue and groove connections 
along their entire length.26 The choice of “cheese” or 
lime-casein glue was intentional since it could be 
used cold, or rather at room temperature, and had 
a relatively slow drying time; it was therefore par-
ticularly suitable for large-scale objects composed of 
various pieces. Furthermore, this type of glue also 
furnished a particularly strong hold and was quite 
resistant to dampness. The boards glued together 
to form the support were held firmly united during 
this operation, either clamping them27 (Figs. 5, 6), 
or holding them together with other devices such 

with a roughing plane or adze (Fig. 4). The boards 
were then joined together to form the full panel, 
usually positioning the widest and naturally also 
the best quality planks centrally,23 leaving the others 
for the side portions. Any smaller sections of wood 
to reach the desired dimensions would be joined 
laterally. Cavities, circular for insertion of wooden 
dowels (cavicchi) and rectangular when biscuits 
(ranghette) were planned, were carved in the thick-
ness of the boards from their side edges.24 Dowels 
and biscuits were fashioned out of wood harder 
than that used for the support itself; most dowels 
were made of oak or chestnut wood, while biscuits 
were usually walnut. These elements, distributed 
uniformly along the joins, were positioned cross-
grain in relation to the board structure; they would 
also be slightly shorter than their housings and were 
generally not glued in. Their main function was to 
hold the edges of the planks level as they were glued 
together, and to a lesser degree to strengthen the 
joins. After having perfectly adjusted the surface 
of the boards’ edges, they would be scored diago-
nally to assure good grip for the adhesive, followed 

4. Antonio Barile, rear of an intarsia choir stall panel from the 
Duomo of Siena, dated 1482–1502. Adze marks left by trueing 
the board surface.

5. Construction of a wood panel: note the orientation of the an-
nual growth rings of the boards in relation to the preparatory 
layers.

6. Assembling the boards: inserts are placed to ensure the align-
ment of the boards during gluing in the form of dowels (cavic-
chi) and biscuits (ranghette) secured with pins at their margins 
passing through them and the support. Below: a possible way to 
clamp the boards together during gluing.

construction
of the panel

crossbars

joins
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as a pair of parallel bars, whose ends were clamped 
to form a vice whose force was increased by insert-
ing wedges. Typically, the panels made in central 
Italy are composed of vertically arranged boards, al-
though works whose boards are connected horizon-
tally (beyond the many altar dossals whose function 
suggested constructing them this way in any case) 
certainly do not lack. Niccolò di Pietro Gerini’s De-
position from the Church of San Carlo in Florence, 
recently restored at the Opificio delle Pietre Dure, is 
an example of this type of support structure: gabled 
and very large in size (its maximum height is 408 
cm, and width is 286 cm), the support is formed of 
butt-joined poplar boards mounted horizontally. 
An unusual feature in this case is the fact that sev-
eral planks have been mounted with their “external” 
side (meaning the side of the board facing outwards 
towards the bark when the tree trunk is sectioned, 
rather than inwards towards the center) placed fac-
ing frontwards to receive the preparatory and paint 
layers. Similar characteristics have been noted on 
another painting by Niccolò di Pietro Gerini, a trip-
tych with the Madonna and Child Enthroned and 
the Saints Nicholas of Bari, Lawrence, Bartholomew 
and a Bishop in the lateral parts, from the Church of 
San Martino at Ponte a Mensola in Florence, recent-
ly acquired by the Gallerie degli Uffizi. In this case 
the support consists of a single horizontal board 
assembly measuring 164 x 139 cm overall, with the 
outer face of the uppermost board facing the front, 
and the crossbars on the rear nailed at the center of 
each portion in correspondence to its pointed arch. 
However, these are not the only examples from 
Florence: a similar system may be seen on another 
triptych, the Madonna with Child and Angels by 
Bernardo Daddi from the Church of Santa Croce, 
composed of horizontal boards and battens which 
are still the original ones nailed to the panel in cor-
respondence to the gables. Other examples are: the 
central part with the Madonna and Child, originally 
part of a now dismembered polyptych by the school 
of Bernardo Daddi (Museum of Santa Croce, Flor-
ence); the triptych with the Madonna and Saints 
Matthew and Nicholas in the Gallerie degli Uffizi 
(144 x 194 cm, with original crossbars); the panels 
with Saints Catherine, Jacob and John attributed to 
Jacopo del Casentino (Castelfiorentino, Museum 
of Santa Verdiana).28 Among the works by Duc-
cio di Boninsegna with horizontally placed boards, 
we may cite the two Maestà panels, each painted 
on both sides, the one from Massa Marittima on a 
single panel,29 and the one in Siena formed of two 
board structures.

The application of crossbars to the rear of the 
support was the next step, aimed at reinforcing the 
structure and counteracting the tendency of the 
boards to warp. Whether this consisted of simple 
crossbars or was more complex, it always involved 
nailing down the battens. The nail was an essential 
element of this type of supporting restraint, and its 
characteristics—the metal from which it was made 
and the way the nail functioned—are certainly 
worth a moment of attention. The nails used to fas-
ten crosspieces had a flat-sided, pyramid-shaped 
shank terminating in a large faceted head on one 
end and tapered to a sharply pointed tip on the 
other; they were usually made of impure and suffi-
ciently ductile scrap iron.30 Nailing furnished point-
by-point attachment of the battens to the support, 
usually entailing insertion of two nails per board, 
positioned several centimeters inside their outer 
edges, although wider panels might require three 
nails per board.31 The way in which these nails car-
ried out their function of fastening the crossbars to 
the support was certainly different from what we 
are accustomed to today: the nail’s grip, rather than 
being provided by the pointed shaft penetrating and 
creating its own space in the wood, was the result of 
the hold assured by the large nail head on one side, 
and the tip bent back and clinched into the wood 
on the other. For this type of anchorage, holes were 
pre-bored in the battens to allow the nails to pass 
through their entire thickness, while the tip coming 
out on the front of the support was clinched back 
into the wood, in a space carved for this purpose 
in correspondence to where the nail emerged. The 
more accurate constructions foresaw covering the 
protruding parts of these iron elements with plugs 
of the same wood as the rest of the support, in order 
to isolate the metal from the preparatory layers (as in 
the case of Cimabue’s Crucifix from the Museum of 
Santa Croce, Fra Angelico’s Linaioli Tabernacle, and 
many other works). In numerous other examples, 
the metal elements were covered with gesso, on 
top of which a piece of cloth or a parchment patch 
would be applied to grant further isolation. Heating 
of the metal and subsequent insertion of the iron 
nail at high temperatures was also sometimes prac-
ticed, although rarely, to facilitate the passage of the 
nail through the wood, as has been observed in the 
assembly of the components forming the predella 
of the Annunciation by Lorenzo Monaco from the 
Church of Santa Trinita (Florence).

The frame was the final part of the construction 
to be mounted. It could consist of two or more 
pieces, depending on the shape and dimensions 
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7. Giotto, Santa Maria Novella Crucifix, detail of the frame applied to the front and sides of the cross.

desired, although the rules normally prescribed 
that one section would be placed on the front 
perimeter, while another would complete the 
profile by enclosing the panel along its side edges, 
covering their entire thickness (Fig. 7). The two 
parts were fastened point by point to the rest of the 
construction with glue and nails; the tips of the nails 
were clinched back into the wood, and would thus 
remain underneath the portion of the frame placed 
on the front of the painting. The nails used to fasten 
ornamental parts differed from those described 
previously, having a flatter shaft and practically 
no head. Wooden pins could replace nails in 
paintings that demonstrated a particularly high 
level of attention to the quality of workmanship, 
as was the case of the Giotto Crucifix from Santa 
Maria Novella. A work from an earlier period in 
the Bargello Museum attributed to Enrico di Tedice 
also has frame elements fastened with wooden pins. 
The nails used for attaching frames, architectural 
elements, and above all crossbar systems (whether 
simple or in the form of a lattice, were in any case 
all victims of the great scorn of restorers practicing 
during the nineteenth and for that matter even for 
most of the twentieth century) but were able to 
create quite effective bonds on many works of this 
period, and often still functional well. The excellent 

choice of materials, the type of nails, their shape 
and flexibility, the criteria for insertion, and the 
adaptive ability of the wood surrounding the nails 
all contributed to this.

An important and unusual example of a 
technique to nail the battens to the panel is that on 
Ambrogio Lorenzetti’s Badia di Rofena Polyptych. 
The system is quite simple yet functional, 
allowing the support to adapt to the movements 
of expansion and shrinkage, as well as to natural 
changes due to aging. The technique consisted 
of carving a V-shaped slot in the inner face of 
the batten in correspondence to the nail (Figs. 
8–10), horizontal in relation to its seat; the slot 
penetrates to about two-thirds of the batten’s 
thickness, and measures about 1.5 cm on each side 
from the center of the nail hole. The purpose of 
this mechanism was to allow at least to a certain 
extent the movement of the panel in relation to the 
point of anchorage of the nails in the batten.

Even the format of the paintings from this 
period seems to adapt at least partially to how 
wood tends to behave: in fact, many works were 
not particularly large in width. Conversely, the 
limits of using this iron-bound method of applying 
battens and frames were reached with the great—
and typically very wide—gabled altarpieces at 
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the preservation of the paint layers. On even very 
large painted crosses, for example, the dimensional 
modifications of the wood components subject to 
this type of reaction have remained well within 
tolerated margins despite the passage of time.

As for preparation of the wood panel for paint-
ing, all the rules described by Cennino Cennini in 
his Libro dell’Arte 32 seem to have been actually put 
into practice. We may observe, in fact, that a lay-
er of cloth has indeed been glued to the support, 
extended to also encase the frame, followed by 
various coats of gesso (calcium sulfate dihydrate 
or gypsum) in a glue medium laid down over the 
cloth. Finishing of the back could include a coat-
ing of minium or gesso grosso with glue that was 
sometimes also decorated.33 These technical fea-
tures have without doubt ensured greater stability 
for the artworks by reducing deformations from 
movements due to the exchange of moisture with 
the surrounding air, and by acting as a protection 
against wood-boring insect attack.

2.6. Altar frontals
Among the many painted objects made of 

wood throughout the centuries, altar frontals 
(otherwise called “dossals” or “antependia”) are 
among the simplest structures; their peculiar-
ity lies in the recurring format and sometimes in 
the absence of crossbars placed on the rear as a 
reinforcement. Established practice34 in fact pre-
scribed that even a small size composite group of 
boards would require structural devices capable of 
stabilizing the ensemble. When these are lacking, 
their function was probably substituted by some 
aspect of the placement of the object in its site, 
and of course also by the presence of engaged 
frames, united with the support on the front and 
sometimes also enclosing the edges. The rectan-
gular shape of dossal panels certainly reflects the 
space they were intended to occupy, whether po-
sitioned in front of the altar or on the wall above 
the altar-table. The wood support is composed 
of horizontally arranged boards, while control of 
deformation and structural support relies on the 
presence of the frame elements attached to the 
front and sometimes also to the sides; in certain 
cases such panels do have battens nailed to the 
rear. Meliore’s dossal with the Madonna and Child 
and Saints (Florence, Gallerie degli Uffizi, 85 x 210 
cm) is an interesting example of a type of dossal 
construction without battens: while the shape of 
the poplar wood support is basically horizontal, 
the central part of the upper edge incorporates a 

the end of the thirteenth and beginning of the 
fourteenth centuries: for example, the Maestà 
panels painted by Duccio and Giotto (the latter 325 
cm high by 204 cm wide), both now in the Uffizi, 
have suffered enough dimensional shrinkage of the 
boards during their lengthy process of stabilization 
that the ability of the wood to adapt to the nails 
has been exceeded. This has provoked cracking 
which has found its way to the painted surface. 
Such phenomena are instead relatively limited on 
the other works, and without consequences for 

8. Ambrogio Lorenzetti, Badia a Rofeno Polyptych, detail of 
the original crosspiece, at whose end a V-shaped slot has been 
carved to allow the nail to shift with the movement of the wood.

9. Rear of the panel of the Madonna and Child showing the 
space around the nail revealed during past intervention.

10. Model of Ambrogio Lorenzetti’s crossbar with the nail in 
the center of the slot opened to permit the movement of the 
panel.
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gable containing the halo and part of the Savior’s 
head. The flat upper portion of the original frame 
is decorated with a double row of pastiglia hemi-
spheres in relief, and the inner strip of the frame 
around the perimeter is sloped and decorated. In 
this case it has not been possible to verify whether 
the frame pieces have been carved out of the ac-
tual support boards or applied separately. An ex-
ample of a different shape of dossal is the one by 
the Tressa Master in the Pinactoeca Nazionale in 
Siena: the frame that separates the scenes inter-
nally has been carved out of the wood of the sup-
port itself, while the parts on the edges have been 
applied separately; three crossbars were originally 
nailed to the rear. A similar structure has also been 
used for the Bigallo Master dossal now in the Op-
era del Duomo in Florence. This large panel has a 
sizable frame on the front carved out of the thick-
ness of the support wood, while the frame origi-
nally around the edges, now lost, was applied and 
fastened with nails. Unfortunately, the panel was 
thinned down during restoration in the 1930s, 
making it impossible to ascertain whether battens 
originally existed on the rear. Further technical de-
tails regarding these two works are included in the 
chapter on carved-out supports.

Restoration of the St. Michael Archangel dos-
sal by the Vico l’Abate Master and that by Meliore 
from the Church of San Leolino at Panzano has 
provided further knowledge on this type of con-
struction. The support of the St. Michael panel 
is rectangular, formed of three nearly sub-radial 
boards of poplar wood, characterized by their 
straight grain, rather homogeneous consistency, 
and scarcity of knots. After trimming the edges, 
the sides of the boards were perfectly matched 
together and butt-joined, glued one to another; a 
poplar wood frame, 6 cm wide and 1.5 cm thick, 
with an inner edge sloped at an angle of about 45°, 

was glued and nailed to the front of the support. 
A single piece of cloth was then glued over the 
entire support, extending up and over the outer-
most edge of the frame. The well-chosen boards 
certainly contributed to this painting’s excellent 
state of conservation, although the wood does 
show some signs of an antique attack of wood-
boring insects, in any case compatible with what 
might be expected given the type of wood and the 
age of the panel. The good general conditions may 
be principally attributed, in any case, to the high 
quality and consequently fine state of the prepa-
ratory layers, as confirmed by the X-radiograph. 
Preparation for painting included the gluing down 
of a very densely woven piece of cloth over the 
entire support and the frame, the application of a 
generous coat of gypsum and glue gesso, followed 
by priming of the entire surface. A layer of gesso 
grosso was also applied to the rear of the panel.

The dossal by Meliore (Fig. 11) is similar in 
form and dimensions. The panel is composed of 
three boards made of not particularly choice pop-
lar wood, cut sub-tangentially. The boards have 
two large knots and the porosity of the wood is 
irregular; furthermore the finishing of the edges 
of the planks has not entirely eliminated the sap-
wood. The boards, whose “inner” faces constitute 
the side used to prepare and paint, have been as-
sembled uniting each join with the aid of four 
dowels, uniformly distributed along their length. 
As usual, the dowels are spindle-shaped to adapt 
better to the cavities, which were pre-bored us-
ing a conical spiral drill (the maximum diameter 
of the cylindrical part of these openings measures 
about one centimeter). The hardwood dowels have 
been inserted in the pre-prepared openings cross-
grain to the fiber of the boards; they have not been 
glued in, and fit without forcing lengthwise (Fig. 
12). As in the case of the former painting, strips 

11. Meliore, Dossal, Madonna and Child Enthroned with Saints 
Peter and Paul and Stories from their Lives, Church of San 
Leolino at Panzano.

12. Meliore, Dossal, Madonna and Child Enthroned with Saints 
Peter and Paul and Stories from their Lives, assembly of the 
boards forming the support and the frame.
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that usually preferred in our regional areas, which 
foresaw preparing a flat board surface on which to 
attach separate frame ornaments. However, in this 
period the specialized carpentry workshops were 
perfectly capable of producing very high quality 
objects with a variety of special techniques, tes-
timony to their knowledge and competence. We 
may therefore say that the hollowed-out support 
was among the numerous choices available, all 
belonging to a workshop tradition of great quality 
and proficiency.

As already said, the technique of preparing a 
support with borders raised above the level for 
painting without adding any other wooden pieces, 
was the method used principally to make icons, 
strictly linked to the Byzantine tradition.36 Many 
examples of this type of panel exist in countries 
of mainly Orthodox religious traditions, and are 
documented well before the Middle Ages and up 
to the present day, although the period of great-
est development goes from the second half of 
the thirteenth century through the middle of the 
sixteenth. Of course the artistic qualities of these 
objects is also embodied in other details besides 
the carpentry and painting techniques; often the 
sacred images are surrounded by finely embossed 
silver revetments, textile strips, and other ele-
ments applied to contain relics. These features are 
certainly not secondary, and distinguish these ob-
jects from those of a prevalently Western cultural 
tradition. The innovations introduced in the late 
Middle Ages by artists such as Cimabue and Giot-
to (said to have transformed painting from “Greek 
to Latin”37) brought fundamental changes both in 
panel construction and the actual painting tech-
nique. One interpretation emerging from studies 
on Byzantine works motivates making the support 
with the main painted surface on a lowered level, 
in the symbolic significance this assumes from a 
religious point of view. None the less, the shape 
and size of many panels also concurs in rendering 
them suitable for hollowing out the wood to pre-
pare the support.38

Our observations on this matter are not in 
contrast with motives based on devotional sen-
timents; they simply refer to what was perfectly 
understood by the artisans crafting these objects. 
Master woodworkers understood from experi-
ence the various aspects of the behavior of wood, 
its seasoning, warp, and aging; they were therefore 
certainly capable of making supports from single 
board structures that succeeded in reducing ten-
sions within that might reflect on the preparatory 

of wood measuring 5.5 cm in width and 1.5 thick 
have been fastened to the front margins of the 
support to frame it, gluing the portions at intervals 
to the support, and nailing them down with nails 
inserted front to back, with the tips clinched back 
into the wood on the rear. A tightly woven canvas 
has been glued to the support flats and the frame, 
therefore covering all the parts before applica-
tion of the preparation. The ground is a complex 
combination of seven layers: first gesso grosso, 
followed by fine-grained gesso, all with an animal 
glue medium.

2.7. Examining a special technique of construction: 
carved-out supports

This chapter does not intend to be a study of 
Byzantine icons and their genesis, a subject mat-
ter whose scope and complexity is even greater 
than usually thought, and therefore requires ex-
tensive historical and technical research. Since 
my personal knowledge of this type of painting is 
limited to several works conserved in various Tus-
can museums, my observations will be reserved 
to describing the construction of different types 
of twelfth and thirteenth century wooden panels, 
made according to similar criteria.35

We refer to panels as carved-out or hollowed-
out when their frame or architectural elements 
have been carved from the wooden panel itself, 
and therefore lie on a different plane from the 
rest. Various typologies of panel paintings could 
be made this way, such as the altar dossal, the 
“altarolo,” the polyptych, certain painted crosses, 
small pointed arched panels with hinged doors, 
or even simpler types. Usually these works were 
painted only on one side, although there are also 
cases painted on both.

This special mode of construction was typical 
of traditional Byzantine panels, generally limited 
in size and quite simply fashioned without elabo-
rate architectural or shaped frame elements. As 
we will see, numerous twelfth and thirteenth cen-
tury panels made in central Italy were fashioned by 
hollowing out the support, generally made of pop-
lar or chestnut wood. Carving certain parts such 
as flat or shaped frames elements directly from the 
support material may seem a way to simplify con-
struction; in reality working this way was actually 
more complicated, and more time was spent to 
produce a flat plane on a lower level and prepare it 
to receive the ground layers for painting.

The technique of carving out the painting plane 
from the full thickness of the wood is alternative to 
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plane in relation to the raised elements varied, 
from about five to six millimeters to a centimeter. 
The varying dimensions of the frame parts were 
probably in proportion to the overall size of the 
works, although this cannot be intended as a pre-
cise rule. Lastly, several of the panels observed, 
especially those in the form of a polyptych, also 
presented molded or flat elements added to the 
side edges or to the frame on the front, or on the 
outer edges of the gables.40

Again, the fact that such a procedure for sup-
port construction allowed the boards to adjust 
physiologically according to their cut, without en-
countering any contrasting cross grain elements, 
contributed to the good preservation of the pre-
paratory layers and the entire artifact. It is well 
known that even after a long period of seasoning, 
wood continues to react to variations of RH in 
the surrounding environment, producing move-
ments and warp in the material; even after centu-
ries these reactions continue to reduce the wood’s 
dimensions, although in a limited way. Therefore 
carving the framework out of the entire thick-
ness of the wood support without applying any 
elements with fibers running cross-grain favored 
the uniform behavior of the entire object. By dis-
cussing several examples of paintings with similar 
constructive features made in central Italy in the 
twelfth, thirteenth, and fourteenth centuries, we 
hope to improve understanding of this particular 
structural category. The contacts which existed 
between Byzantium and Pisa, and from there with 
other cities, certainly played an important role by 
diffusing new models to imitate, although formal 
and technical distinctions between the two sup-
port methods remained.

Various thirteenth and fourteenth century 
panels have been made with the painting surface 
recessed below the frame, including important ex-
amples in the Museo di San Matteo in Pisa (Fig. 
13), and others from areas in and around Florence 
and Siena;41 however, the earliest known example 
is the Madonna Advocata icon in Santa Maria in 
Aracoeli in Rome.

Pisa underwent a great period of economic 
development during the Middle Ages thanks to 
its geographical position and the trade this offered 
inland, but more so by sea with cities along the 
coast and in the East. Pisa’s commerce extended 
along the shores of the Mediterranean, while 
in the twelfth and thirteenth centuries the city 
also acquired military force as well as being an 
important meeting point for international trade. 

layers. Thus the panel structure was made to re-
ceive the sacred image in the best possible way, 
protecting it and assuring its long-lasting preser-
vation, so that its intrinsic devotional and religious 
values would be fully sustained.

As mentioned before, the Byzantine icon is 
characterized by a simple and essential technique 
of construction: the wood was carefully selected 
and seasoned, and might also be submerged in 
water at about 50° C to eliminate any residual 
extractives in order to increase its resistance to 
wood-boring insect attack.39 The wood species 
used were rather limited: among these we may cite 
wood from such deciduous trees as poplar, lime, 
and alder, and depending on provenance, also oak 
and birch; coniferous species such as cypress and 
fir were also used (although the latter was not con-
sidered particularly suitable because of its non-
homogeneous grain and the presence of resin in 
the wood).

The pieces examined have not revealed any 
specific rules regulating board placement, since 
both vertical and horizontal arrangements have 
been observed, undoubtedly in relation to the 
panel’s final shape and dimensions.

Assembly generally entailed butt-joining the 
side edges of the boards and inserting dowels or 
biscuits in the joins, placing the “inner” face of the 
cut boards on the side destined to receive the pre-
paratory layers. These criteria are therefore similar 
to those followed for most panel paintings in Italy 
from the twelfth to the fifteenth century.

Carving out the flat surface for painting was 
certainly the most complex operation. Since the 
presence of the raised edges obstructed the gen-
eral use of carpenter’s planes, it was necessary to 
resort to other tools: chisels, gouges, and two-
handled draw blades were needed to finish the 
internal flat portion. The front face of the frame 
was planed flat, while the inner edge was chiseled 
sloping downwards towards the painted surface. 
Icons formed of more than one board probably 
involved preparing each plank separately before 
assembly, finishing the edges before joining and 
scoring the surface to improve adhesion. The flat 
plane usually appears appropriately smoothed to 
receive the ground layers, worked following the 
grain of the wood; cloth could also be applied as 
a buffer layer between the wood and the gesso. 
The raised edge portions were simply realized, 
creating a flat surface on the front, with a straight 
external edge and the inner edge slanting towards 
the painted surface. The depth of the internal 
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It is particularly difficult to understand the 
origins of this influence: certain icons famous 
for devotional reasons must have played a de-
cisive role through imitation of their technical 
features. However, workshop know-how would 
have been difficult to transmit only in this way, 
and usually required a more direct relationship; 
therefore we cannot exclude the actual pres-
ence of some painters or woodworkers from the 
Byzantine realm who could have diffused the 
technical procedures among local artisans. The 
inherent symbolic values were so forceful that 
they would have been maintained in any case, 
even after the advent of conspicuous changes: 
unquestionably the increased size of the works 
destined to be placed on the partitions and al-
tars of Western churches became unsuitable 
for icons. This regarded not only the method of 
construction used to make them, but even more 
so the expressive intentions. In this case, after 
all, technique and style did not always proceed 
together.

As already mentioned, several relatively small-
er works attributed to Giotto and his workshop 
have been made carving the frame from the full 
thickness of the wood support. It is interesting to 
note that the crafting of the panel of the Badia 
Polyptych and that of the altarpiece in the Pina-
coteca of Bologna has entailed work involving 
both time and expertise. In fact, the frame which 
surrounds the scenes is not only carved in relief 
in respect to the painting plane, it has also been 
enriched with double lobed arches whose shaped 
outlines enclose the heads of the figures; while in 
the triangular portion of the frame at the center 
of each section, a round area has been created 
for painting God the Father and other Saints. The 
technique of hollowing out the support was prob-
ably chosen in this case to limit the use of nails 
as much as possible, thus avoiding the possibil-
ity that their oxidation might later cause damage 
to the painted surface. However, neither should 
we neglect the importance of the patron’s role in 
technical questions, nor that of the able wood-
worker who generally collaborated with the paint-
er for support construction.

However, we would also like to recall that 
Giotto also employed more traditional support 
systems of the highest quality in the same period, 
which do not follow the hollowed-out procedure.42

The following table lists the hollowed-out 
works ascertained up to now in Italy.43

Manufacturing centers developed in Pisa, together 
with activities for artistic production arising from 
important cultural contacts.

Besides the works from Pisa, several other in-
teresting examples may be mentioned: the San 
Zanobi Dossal by the Bigallo Master now in the 
Museo dell’Opera del Duomo in Florence; two 
works by the Tressa Master in Siena, the Madonna 
and Child called the Madonna of the Large Eyes in 
the Museo dell’Opera del Duomo, and the Savior 
Dossal in the Pinacoteca Nazionale; two works by 
Giotto, the Badia Altarpiece now in the Uffizi and 
the Polyptych in the Pinacoteca of Bologna. These 
works show that the technique of hollowing out 
the support existed over a rather wide time span, 
from the end of the eleventh until the first half of 
the fourteenth century.

The methods for constructing Byzantine icons 
thus continued to influence Tuscan medieval 
painting until the fourteenth century, including 
the technical aspects, at a time when the new 
Giottesque version of the Gothic style had already 
achieved the highest expressive effects. Further-
more, this influence continued even when panel 
paintings had reached sizeable dimensions well 
beyond those of traditional icons, and were set in 
monumental positions on the rood screens and al-
tars of Western churches.

13. Enrico di Tedice, Cross, Pisa, Museo Nazionale di San Mat-
teo. The cross is made of chestnut wood, and the frames have 
been carved from the support wood itself.
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WORK AUTHOR PERIOD DIMENSIONS
(heightxwidth) LOCATION TYPE

Madonna Advocata third quarter of 
11th cent. 82.5 x 51.5 cm Rome, Santa Maria in Aracoeli icon

San Pietro all’Orto 
Cross artist from Pisa beginning of 12th 

cent. 295 x 210 cm Pisa, Museo Nazionale di San 
Matteo painted cross

Madonna and Child artist from Pisa 1140–1160 68 x 50 cm Pisa, Museo Nazionale di San 
Matteo altarpiece

Madonna 
“Kardiotissa”

second half of 
12th cent. 115 x 71.5 cm Athens, Christian and 

Byzantine Museum Byzantine icon

Madonna and Child “INELLUS” beginning of 13th 
cent. 80.2 x 59.7 cm Pisa, Museo Nazionale di San 

Matteo altarpiece

Madonna del Casale44 Tuscan painter 1212 ? 180 x 79 cm Florence, Gallerie degli Uffizi altarpiece

Savior Dossal Tressa Master first half 13th cent. 98 x 198 cm Siena, Pinacoteca Nazionale dossal

Madonna of the Large 
Eyes Tressa Master first half 13th cent. Museum of the Opera del 

Duomo di Siena icon

San Zanobi Dossal Bigallo Master 1220–1230 112 x 278 cm Florence, Museum of the 
Opera del Duomo antependium

Madonna “de Ambro” attr. “Alberto Sotio” first half 13th cent. 173 x 66 L’Aquila, Museo Nazionale 
d’Abruzzo altarpiece

Saint Francis 45 attr. Giunta Pisano first half 13th cent. 163 x 129 Pisa, Museo Nazionale di San 
Matteo altarpiece

Christus triumphans 
and Stories of the 
Passion 46

Enrico di Tedice first half 13th cent. 257 x 155 cm Vicopisano, Church of San 
Giovanni alla Vena painted cross

Standing Madonna 
with Child and two 
angels

Enrico di Tedice first half 13th cent. 105 x 73.5 Peccioli, Prepositura di San 
Verano icon

Deposition 47 Enrico di Tedice mid 13th cent. 57 x 35 cm Pisa, Museo Nazionale di San 
Matteo altarpiece

Saint Catherine48 Attr. Maestro di Calci mid 13th cent. 107 x 115 cm Pisa, Museo Nazionale di San 
Matteo altarpiece

Madonna Enthroned 
with Child Roman master mid 13th cent. Viterbo, Museo Civico altarpiece

Madonna with Child 
and Angels

Master of Saints 
Cosmas and Damian 1260–1275 85.4 x 56 cm Pisa, Museo Nazionale di San 

Matteo
altarpiece 
(triptych?)

Saints Nicola, John 
and Procolo Pacino di Buonaguida 1305–1310 75 x 52 (each 

panel)
Florence, Galleria 
dell’Accademia

polyptych (three 
surviving parts)

Madonna and Child Madonna Altieri 
Master 1310 121.5 x 73.5 private collection altarpiece

Madonna and Child 49 School of Bernardo 
Daddi mid 1300s 98 x 55 cm Florence, Museum of Santa 

Croce
polyptych (only 
surviving panel)

Pantocrator with 
Saints Peter and Paul

first half of 14th 
century 76 x 60 Pisa, Museo Nazionale di San 

Matteo icon

Badia Polyptych Giotto 1303 142 x 337 cm Florence, Gallerie degli Uffizi polyptych

Bologna Polyptych Giotto c. 1330 147 x 217 Pinacoteca Nazionale of 
Bologna polyptych

Madonna and Child 
Enthroned with Saints 
and angels50

Jacopo Landi, called 
Jacopo del Casentino 1340 39 x 42 cm Florence, Gallerie degli Uffizi portable tabernacle

Christ deposed with 
the Virgin and Saints51 Vitale da Bologna 1350–1360 60 x 39 cm Florence, Fondazione Longhi altarolo
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was the way in which the two lateral aprons 
flanking the body of the cross have been joined 
to the arm boards above: the vertical and hori-
zontal pieces were united by means of a tenon on 
the upper edge of each apron board, inserted into 
a mortise opened in the thickness of the hori-
zontal arm board above. The halo was made of a 
separate piece of chestnut wood, carved sloping 
downwards, set into a cavity opened for it in the 
main panel, and nailed and glued similarly to the 
other components. The outer perimeter of the 
circular halo was finely carved with a simulated 
intertwining thorn motif meeting at four points. 
A crosspiece was originally fixed to the rear at 
the height of the arms: placed centrally on the 
horizontal boards, this batten was fastened to 
the vertical board (with the body of Christ) with 
three nails, and to each arm piece with another 
two. This crossbar kept the warp of the central 
panel under control and helped to support the 
jutting arms, thus reducing their weight on the 
joints and distributing the forces among the vari-
ous parts. Old nail holes in the lower part of the 
foot tablet may suggest the presence of another 
crosspiece which might have also served as a base 
for the cross, inserted into an opening to receive 
it. A fine, close-woven cloth was applied to the 

2.8. Construction of the wood support of Master 
Guglielmo’s Cross

The painted Crucifix by Master Guglielmo 
from the Duomo of Sarzana (Fig. 14), dated 1138, 
is the earliest work among those studied to re-
veal such a significantly complex and articulated 
structure, showing an excellent understanding 
of wood as a material and of the techniques of 
assembly. While its structural aspects may seem 
relatively simple at a first glance, the work is ac-
tually evidence that these woodworking tech-
niques could not have originated in the period 
of its creation, but must have been the fruit of 
an already consistent past tradition. The chestnut 
wood support measures 297 cm in height and has 
a maximum width of 214 cm at the extremities 
of the arm boards; the main board placed verti-
cally is quite wide (63 cm), and its height is that of 
the cross itself. The wood, very well chosen, has 
been cut almost diametrically, and has straight-
running grain and homogeneous consistency; the 
material for the arm and two side apron boards 
also corresponds to these criteria.52 The boards 
have been placed so that their inner faces would 
receive the preparation; the proportions among 
height, width and thickness is correct, and the 
arms and body parts of the structure have been 
perfectly united with mortise and tenon joints. 
The two strips of wood added to each side of the 
cross, flanking the Christ figure, have been fas-
tened with casein glue and four nails each. The 
arms have been tightly secured in their housings 
with bone glue, and each piece has been further 
fixed passing three wood pins through them53 
(Figs. 15, 16). Keeping in mind that these joins 
represent the major area of structural weakness, 
we may identify three different solutions excogi-
tated to make the arm junctions more solid. First, 
the thickness of the arm pieces has been slightly 
tapered outwards towards the extremities to re-
duce the weight of these projecting parts, a fea-
ture that also conveys the sensation that the body 
of Christ is advancing slightly towards us. The 
second provision was to carve out the mortise 
openings in the side edges of the main vertical 
board a few centimeters below its upper edge; 
this assured that all four sides of the arm tenon 
housings would remain intact, therefore increas-
ing the stability of the join and its ability to re-
sist the tensions during insertion of the tenons 
themselves. Lastly, the third technical detail that 
contributed to supporting the arms and avoid-
ing dangerous “twisting” of the contrasting parts, 

14. Master Guglielmo, Sarzana Crucifix.
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front of the wood support, as was customary at 
the time. The rear of the wood support was care-
fully coated with a layer of gesso grosso in glue, 
which balanced the forces acting on the two faces 
and protected the painting.54

Other painted crosses from the area of Lucca, 
such as the Crucifixes in the museum of Villa 
Guinigi and in the church of San Michele in Foro, 
were constructed with the same type of wood 
and technical criteria as Master Guglielmo’s Sar-
zana Crucifix.

2.9. Method of construction of the wood support of 
two twelfth-century crosses

As we will see, the structural features of this 
type of wood artifact evolved technically, vary-
ing according to the object’s geographical origin 
and the period of its making. In Florence, changes 
in the techniques of construction may be already 
perceived at the beginning of the thirteenth cen-
tury, as exemplified by the Crucifix painted by the 
Rosano Master, or by the Uffizi Crucifix no. 432. 
Although these structures are of chestnut wood, 
as were the crucifixes by Guglielmo and the others 
from Lucca, the criteria for assembly of the vari-
ous parts of the cross structure appear to be sub-
stantially different. These two crosses have a single 
board placed vertically and two aprons added to 
each side to create the final body shape; the arms 
are composed of a single plank, fitted into a cross-
lap joint. This was made by thinning down the 
wood in the area corresponding to the joint to half 
its original thickness, on the front face of the verti-
cal board with the Christ figure and on the rear of 
the arm board. The upper part of the aprons were 
connected to the under part of the arm board us-
ing a similar cross-lap joint.

The cross-lap joints which unite the body, 
arms, and lateral portions of the Rosano Crucifix 
were glued together and fixed with passing wood 
dowels, six inserted through the lower part and an-
other two through the upper part of the arm board. 
The halo, which consists of a circular, diagonal-cut 
piece of chestnut wood, was also fixed by means 
of glue and wooden pins (Figs. 17, 18). The side 
aprons were united to the body of the cross with 
the aid of four biscuits inserted into their edges, 
each fixed with a pair of pins. The cross-lap joints 
carved out of both the body and arm boards were 
executed in a very refined way, using a small adze 
to fashion the surfaces, leaving almost no marks 
visible. As for the construction of the Crucifix no. 
432 from the Uffizi, the cross-lap joint uniting the 

15. Support of the Sarzana Crucifix by Maestro Guglielmo, 
dated 1138. The exploded diagram shows the mortise and 
tenon joints which connect the arm boards to the main body.

16. Model of the Sarzana Crucifix, note the placement of the 
original crossbeams.
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parts is fastened with glue and nails, inserted from 
the front of the support and bent back on the rear, 
while no dowels reinforce the join. A series of trac-
es and holes observed on the wood of this Cross 
suggest the possibility that the wood corresponds 
to a previously used material.

Original battens survive only on the rear of the 
Rosano Crucifix, in the form of a quite simple sup-
port structure, apparently of not great strength. 
This certainly should not be considered an error of 
construction, however, since its choice was based 
on the awareness of the robust nature of the sup-

port itself, and therefore could permit assigning 
less control function than usual to the crossbar 
system (Fig. 19). The aim was to reinforce the join-
ing of the vertical and arm boards, and keep under 

18. Rosano Master, rear of the arm board, cross-lap joint made 
using a small adze. Note the dowels for uniting the body and 
arm sections.

19. Rosano Master, rear of the cross.

17. Rosano Master, the vertical body board of the cross with 
the arm board temporarily removed, note the cross-lap joint 
and the original coating designed to improve the preservation 
of the object.
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control any tendency of the different sections to 
deform especially in the lower area of the main 
part. The vertical board was also left thicker to in-
crease the hold of the iron ring inserted into it for 
hanging the work. The “batten system” consists in 
a vertical bar and two horizontal sections divided 
into four separate pieces, all in poplar wood and 
tapered at the ends. The vertical piece was applied 
first, nailed from the rear but without passing the 
nails through to the front of the support; the other 
crosspieces were then fixed, two to form the bat-
ten placed centrally across the arm board, and the 
others at the base of the area composed of the 
body and lateral boards. The heads of these pieces 
fit perfectly against the vertical batten where they 
meet it; all of them have been nailed from the rear 
without the nails going through to the front.

The Uffizi Crucifix no. 432 no longer has its 
original crossbeams, but rather replacements, al-
though these are similar to the simple batten sys-
tems traditionally used for crosses. The horizontal 
bars, one placed centrally in the arm piece and the 
other across the base of the body board, have been 
inserted in a cross-lap joint carved into the inner 
face of the vertical bar.

2.10 Two late twelfth-century crosses from the area 
of Siena

Two important twelfth-century painted 
crosses, made of choice materials and with very 
fine pictorial and technical execution, are as 
follows: the Cross painted by an anonymous master 
from Siena, measuring 176.5 x 117.5 cm and 5 cm 
thick, from the Church of San Pietro in Villore in 
San Giovanni d’Asso (Siena), now in the Museo 
Diocesano in Pienza; 55 and the Cross in the Museo 
Civico e Diocesano d’Arte Sacra in Montalcino.56 
These works may be considered among the earliest 
examples of painting and of panel-making of this 
type from the area around Siena.

As we will see, the structural features regarding 
the union of the arm and body of these two 
examples differ from those of both the Rosano and 
the Uffizi 432 Cross. Although we are still speaking 
of a cross-lap joint, here the entire width of the 
arm piece has been inserted into the vertical body 
board. On the first cross, the arm board has been 
inserted from the rear, an important detail since 
it shows that the craftsmen were aware of the 
problems connected to the reactions of the wood 
support and its eventual dimensional changes that 
could also affect the paint layers. For this reason 
the wooden structure of the San Pietro in Villore 

Cross, now in the Pienza museum, was designed 
to make the joints coincide with the painted 
forearms rather than with the chest of the Christ 
figure (Fig. 20). The same criteria was followed 
for another cross, painted by a master from Siena 
in the first years of the thirteenth century, from 
the Convent of Santa Chiara and now in the 
Pinacoteca Nazionale, both in Siena.

The San Pietro in Villore Cross appears very sol-
idly constructed of chestnut wood in six wooden 
parts including the halo, and has never had cross-
pieces on the rear. The main weight-bearing sec-
tion is the central board, 43.3 cm wide and 176.6 
high. Two lateral strips each 8.5 cm wide have 
been added to form the complete body area, there-
fore making its width 60 cm overall. The flat edges 
of these strips have been glued to the main board, 
with the aid of four dowel insertions each. A bis-
cuit has also been inserted in each of the two joins 
within the thickness of the board, at the height of 
the figure’s lower portion, and has been blocked 
by an oak wood pin passing through the entire 
thickness of the panel. All of the dowels measure 
2 cm in diameter and are glued in. The arm board 
is a single plank, 117.7 cm long by 21.5 cm high, 

20. Sienese master, end of the 12th century, the arm is inserted 
from the rear into the vertical body board.
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whose entire width has been placed cross-grain in 
the cross-lap joint which unites it with the verti-
cal part, inserted from the rear. The union of the 
two opposing parts has been obtained gluing them 
together and inserting 12 pins, each 2 cm in diam-
eter, front to back through both the arm and body 
wood. A tablet 60 cm long by 21.8 cm high tops 
the cross, made of a single board whose fibers run 
opposite to those of the vertical section. This part 
has been inserted into the top of the main body 
from the front, in a cross-lap joint with inclined 
edges. The rear shows no signs of the existence of 
an original crossbeam system, nor of previous res-
toration. The absence of crossbars, although rare 
even for small crosses, has been compensated for 
by the solid, conspicuous consistency of the arm 
and body portions themselves. On the other hand, 
application of battens would have proved difficult 
since the arm piece protrudes from the rear of the 
vertical part.

The other cross, attributed to a late twelfth 
century master from Siena, comes from the Abbey 
of Sant’Antimo and is now in the Museo Civico in 
Montalcino; it measures 155 x 117 cm, and is also 
egg tempera painted on cloth glued to the poplar 
wood panel. The two parts have different thick-
ness: 4 cm for the vertical part, and 3 cm for the 
arm piece. Two other sections have been added 
laterally, butt-joined as usual: the left one is 14 cm 
wide, the one on the right is 14.5 cm. Direct ob-
servation alone does not permit verifying whether 
any elements have been inserted internally in the 
joins. The arm board is a single piece of wood, 20 
cm in width; the tablet and the halo are also single 
boards, the first 18.5 cm in width, and the latter 25 
cm in diameter. The halo, whose thickness dimin-
ishes downwards, is basically circular, except for 
the lower edge that terminates in a straight line. 
A cross-lap join unites the body and arm boards, 
with the arm piece placed in front of the body; the 
tablet is also fitted cross-grain in a similar join, 
from the front in the upper part of the cross. Last-
ly, the halo is inserted into the upper edge of the 
arm board for about one centimeter. The present 
position of the cross on the wall did not permit 
viewing the rear, making it impossible for now to 
describe the crossbar system or comment on its 
originality. Neither are we able to say what func-
tion or placement the cross had originally.

2.11. Some comparisons with the Cross by “Alberto Sotio”
The description of the Cross by “Alberto So-

tio” dated 1187,57 now in the Duomo of Spoleto, 

brings us to mention a very peculiar structural 
feature, consisting in the fact that two different 
wood species have been used: walnut for the arm 
board and poplar for the body. We are unable to 
associate this choice with any plausible reasons re-
lated to the technology of such materials; perhaps 
it is possible to hypothesize other motives, such 
as economical ones, the re-use of already existing 
portions of wood,58 or simply that the woodworker 
was resorting to what was on hand at the moment 
in the workshop. Careful observation of the car-
pentry has revealed that each side of the vertical 
part, a board 57 cm wide, has been shaped by 
adding a strip of wood, which however differ in 
size. The construction is unbalanced, in fact, as if 
the object had been assembled in a hurry, further 
supporting the idea that the wood may have been 
recuperated.

Another work attributed to the same master, 
the Maria Regina panel now in the Pinacoteca di 
Brera, is a fragment of an originally larger work, 
again showing the use of walnut wood. One hy-
pothesis is that the artist responsible for this panel 
utilized the same workshop as the one engaged 
for the Spoleto Cross, which probably produced 
other wooden objects besides those for painting. It 
should be noted however that this piece is a single 
panel which, differently from the disharmonious 
cross described above, has been finely crafted by 
chiseling both the slanted plane meant to fit it into 
the main board structure, and to finish the wood 
on the rear.59

Considering the types of wood used for other 
crosses from the Spoleto area, especially the so-
called Croce Azzurra attributed to a master called 
“Alberto Sotio,” the hypothesis of the uninten-
tional use of two different species for the Cross in 
the Duomo of Spoleto seems to find confirmation, 
since all of the others examples are made of poplar 
wood. Furthermore, the “Croce Azzurra” has been 
constructed symmetrically, which also contributes 
to supporting the idea that the use of different 
support materials was indeed unintentional. The 
use of two different species has proved negative 
for conservation over time since wood-boring in-
sects have attacked the walnut parts, although the 
interaction of the various parts with aging has not 
been the source of particular problems deriving 
from contrasting movements of the two different 
types of wood.

As for structural reinforcements, crosspieces 
were not necessarily made of the same species of 
wood as the panel painting’s board structure. The 
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choice of one type of wood or another was con-
nected to the need for finding material with ad-
equate strength and durability in relation to the 
size of the work, the method of application, and 
the overall methods of construction, also in my 
opinion to how the panel was to be exhibited, as 
these were often destined to be hung suspended 
or inserted into a stone base.

Twelfth-century crosses, usually of reduced 
size, relied essentially on the cross-lap junction 
of the arm and body boards in order to achieve 
the desired strength of the support structure. This 
situation was destined to change, however, during 
the century to follow, as the increased dimensions 
of crosses demanded application of more stable, 
solid structural features such as batten systems.60

2.12. Monumental Crucifixes
Important technical developments in mak-

ing painted crosses took place during the thir-
teenth century, as clearly appears in works such 
as those painted by Cimabue for San Domenico 
in Arezzo and for the Church of Santa Croce in 
Florence, and by Giotto for Santa Maria Novella 
again in Florence. As we will see, given the size 
and shape of these works, the wood craftsmen be-
gan to seek more complex technical solutions than 
those previously used for the examples we have al-
ready taken into consideration. Although various 
cases might be cited, we prefer referring here to 
only a few works, chosen among those built fol-
lowing similar general principles: the Crucifix by 
Cimabue from Santa Croce and the one by Giotto 
for Santa Maria Novella. We will also analyze the 
differences between these Crosses and the ones by 
Giotto made for Ognissanti in Florence, and for 
the Tempio Malatestiano in Rimini.

2.13 The painted Crucifix by Cimabue from the 
Museum of Santa Croce

As is well known, Cimabue’s Crucifix suffered 
severe damage from the flood that submerged 
Florence on the 4th of November, 1966. The tech-
nical description that follows traces the panel’s 
original construction, with the exclusion of any 
modifications carried out during its restoration 
after the flood disaster. This painting’s wood sup-
port embodies the excellent criteria adopted for 
choosing and preparing the materials, as well as 
their truly fine workmanship, which includes the 
techniques of assembly and the ingenious solu-
tions devised to eliminate any contact between 
the nails and the preparatory layers. The support 

is composed of thirteen poplar wood boards, all 
properly selected for their straight grain, almost 
homogeneous consistency, and the scarce pres-
ence of knots or other defects. The load-bearing 
unit in this case is a single plank of noticeable size, 
cut from almost the entire diameter of the tree 
trunk; a secondary piece has been joined to each 
side of it to give form to the body board containing 
the Christ figure, while other pieces of wood have 
been similarly joined to create the spaces needed 
for the inscription plaque and the footboard. The 
arms are painted on another single board, with 
two rectangular pieces of wood added to each end 
to form the panels for the mourners. The halo has 
also been fashioned of poplar wood, in the form 
of a half-circle similar in shape to a segment of 
an orange; its straight bottom edge has been in-
serted into the main body panel almost one cen-
timeter deep, and fits so perfectly that not even 
the slightest interruption appears at the junction 
with the flat surface. The thickness of the support 
is well proportioned, and is adequate for receiving 
the biscuits to place within, and for maintaining a 
certain degree of stability in the presence of vary-
ing climatic conditions. As has been previously 
mentioned, the boards are of excellent choice and 
perfectly worked: after eliminating all sapwood, 
they were assembled after having perfectly ad-
justed the edges for joining and carved housings 
for the biscuits into their thickness; they were 
then mounted with their “inner” faces turned in 
the direction of the preparatory layers. A cross-
lap joint unites the body of the cross to the arms, 
fixed by means of glue and nails. It has not been 
ascertained with certainty whether the adhesive 
is “cheese” (casein) glue, or perhaps animal glue, 
or more specifically, carpenter’s glue.61 The frame-
work on the rear has been made of elm wood, 
and is composed of two main vertical beams 
and two horizontal bars; these are connected by 
12 crossbars, distributed in pairs of two each for 
the inscription and the mourners’ terminals and 
for the footboard, and another two for the wider 
part of the body and the arms. The battens have 
been simply designed, and are linear and square 
in shape with slightly beveled outer edges, suit-
able for the functions to which they were destined 
on behalf of the construction: support, connec-
tion, and control of warp due to RH variations. 
The fastening of the crossbar system to the sup-
port relied on nails as usual, inserted into the 
battens themselves, with other nails fixed in the 
spaces left between the intersections between the 
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crossbars and the vertical elements to guarantee 
further anchorage. The nails have been clinched 
back into the wood, their tips hammered below 
its surface and then covered with plugs made 
of the same type of wood as the panel to elimi-
nate any possible contact between the iron of the 
nails and the preparatory materials (Fig. 21). This 
mechanism underlines still more the care taken in 
the support’s construction: special attention has 
been paid to preventing damage to the painting, 
either deriving from the wood itself or from the 
other materials in such a complex artifact. Even 
the frame was designed to fulfill both an aesthetic 
and mechanical role, as was the presence of cloth 
beneath the ground, in this case made of a rela-
tively fine textile with a very closely woven weft.

2.14 The painted Crucifix by Giotto from Santa 
Maria Novella

The Crucifix by Giotto from the Basilica of 
Santa Maria Novella (Fig. 22) represents one of 
the highest expressions ever achieved by panel 
painting, not only for the fundamental role this 
work has in the history of art, but also for the ex-
ceptionally fine quality of its craftsmanship and 
the technical criteria for its creation (Fig. 23). The 
investigation preliminary to restoration has of-
fered us an extremely important research oppor-
tunity, and has provided invaluable information 
on the subject of wood support construction. As 
already specified, the entire cross measures 530 
cm in height and 400 cm maximum width at the 
extremities of the arms, while the thickness of 
the wood is 5 centimeters. The support is made 
of very carefully selected poplar wood; the main 
body piece is composed of two radial boards, cut 
in half from two totally diametrical planks sawn 
from different trees, and assembled in a vertical 

position after eliminating the pith.62 Two sepa-
rate boards have been joined on each side of the 
main panel to create the space needed for the 
Christ figure, and a similar operation has pro-
vided the panels for the inscription plaque and 
the footboard. Two radial planks have also been 
used for the horizontal arm board, and another 
two smaller portions of wood have been added 
to its upper and lower edges at the extremities 
to complete the rectangles for the mourners. 
The trapezoid forming the base consists of two 
pieces of wood joined horizontally. All of the 
boards have been planed down at the edges to 
eliminate the sapwood,63 and are positioned with 
the more suitable inner face towards the prepara-
tory layers;64 the edges of the boards have been 
perfectly paired for joining, and the dowel hous-
ings accurately carved out. Two types of investi-
gation were able to be to done given the perfectly 
geometrical distribution of the dowels inside the 
wood: one to examine the dimensional changes 
which had taken place within the support im-
mediately after its making, and in any case be-
fore it was painted;65 the second referring to the 
procedure followed to assemble the boards on 
which the body of Christ was to be painted (Fig. 
24). The six dowels present in the join between 
the two central vertical boards in the area cor-
responding to the Christ figure may be consid-
ered uniformly distributed if one also counts the 
area where the arms join the main body.66 Equal 
care has been taken to place the six dowels in the 
central join uniting the two horizontal arm piece 
boards. Another two pins are present in the joins 
uniting the boards of each additional piece, that 
is, the inscription plaque, the terminals with the 
Mourners, and the footboard. The lateral apron 
boards and the main structure, instead, have 
only one dowel apiece, furthermore placed quite 
far down along the connection considering the 
panel’s full height. Reflecting on this matter, we 
deduced that rather than being an anomaly, this 
was the result of having glued the aprons to the 
body boards in a moment subsequent to the same 
step taken for other parts. This is understandable 
if we imagine that the woodworker waited to add 
the apron boards in order to facilitate the more 
demanding joining operation of cross-lapping 
the two main sections (body and arm panels). In 
fact, this was the sequence actually followed: the 
main parts were joined first, and only after were 
the sidepieces connected to the main panel and 
to the under edge of the arm piece (Fig. 25).

21. Model of the nailing system and plugging of the clinched 
nail tip.
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The various boards were glued together using 
lime-casein glue,67 after which the two horizontal 
and vertical elements of the support were united in 
a cross-lap joint; this was obtained carving out the 
necessary area on the rear of the vertical boards 
and on the front of the horizontal arm piece. A 
similar device was used to connect the lateral 
apron boards to the arm piece above: six centime-
ters of the uppermost portion of each sidepiece 
was united with the lower part of the arm board. 
To do this, the uppermost outer edge of each apron 
board was shaped in a “dovetail” form68 in order to 
improve the hold between the parts, which have 
also been glued together and secured with nails 

23. Giotto, Santa Maria Novella Crucifix, Florence, Church of 
Santa Maria Novella. Reverse.

24. Giotto, Santa Maria Novella Crucifix, Church of Santa Ma-
ria Novella, Florence. Composition of the boards of the support 
construction, with the distribution of the dowels in the joints.

25. Cross-lap joint system used on painted crosses to unite the 
body and the arm pieces.

22. Giotto, Santa Maria Novella Crucifix, Church of Santa Ma-
ria Novella, Florence. 
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The making of the frame reflects typical 
thirteenth- and fourteenth-century canons: a 
part was first fastened to the front of the wood 
support, and a second part was then attached to 
its side edges, thus also completing the mold-
ing. The presence of the frame along the front 
perimeter and the side edges of the support 
has contributed noticeably to helping the wood 
resist warp, especially in the form of cupping, 
while the closure of the exposed edges of the 
wooden cross has acted as protection against 
risks deriving from variations of relative humid-
ity in the environment.

The primary function of gluing cloth to the 
support during the phase of preparing for paint-
ing was to buffer the movements of the wood, 
in order to prevent transmitting them to the 
ground layers, but also to avoid having the junc-
ture between frame and flats show up on the 
painted surface. Great care was taken in this 
case when applying the cloth in order to obtain 
an excellent surface to receive the ground lay-
ers, while maintaining the carved molding motif 
intact. For this reason, the area of the support 
corresponding to the frame has been covered 
with a fine, tightly woven cloth that is able to 
adapt better to the shaped frame; while a heavi-
er cloth has been used continuously to span the 
width of the body panel, placing various pieces 
lengthwise to cover the entire surface. A layer of 
minium and glue was used to coat the rear of the 
panel and protect it from wood-boring insect 
attack. Since it may be affirmed that this type 
of panel painting was meant to be seen both 
front and back, the design would certainly take 
into account the appearance of the rear surface 
and the crossbar system. Beyond the structural 
connective function of the nails, the color of the 
metal used for them, the shape of their broad 
faceted heads, and their uniform distribution 
throughout the crossbar system also played a 
decorative role. The color of the minium pig-
ment which covers the rear of the support com-
pleted the pleasing visual effect. The use of a 
grid-shaped crossbar system for this type of 
structure not only helped to maintain control 
over the tendency of the boards to warp, but 
also played an important role in distributing the 
weight of the panel among the various points 
of connection. In fact, the rings for hanging the 
work were inserted to a certain degree into the 
support itself, but rely for the most part on the 
crossbars for anchorage.

passed from the front to the rear of the wood. The 
union between the horizontal arm and the verti-
cal body boards has also been glued, and fastened 
passing nails front to rear, where they have been 
clinched back into the wood.

The reinforcing crossbar system, constructed 
according to a previously established plan, was 
made of elm wood and consists of two long verti-
cal beams, two horizontal ones, and eleven cross-
pieces connecting the main vertical and horizontal 
bars. The battens are all 8 cm wide and 7 cm thick, 
and present a molding in the form of a “rod” along 
the edges. Cross-lap joins unite the vertical and 
horizontal bars, thus forming a grid which corre-
sponds to the shape of the cross; the edges of the 
various intersecting pieces have been chamfered 
at a 45° angle and miter joined, so that the rod 
motif connects correctly. Pre-bored holes through 
the crosspieces in correspondence to the center of 
their joins with the vertical bars, enabled the con-
nection of the entire grid to the wooden cross by 
passing nails from the rear of the battens to the 
front face of the support, where their tips were 
clinched back into the wood (Fig. 26).

26. Giotto, Santa Maria Novella Crucifix, Florence, Church of 
Santa Maria Novella. Detail of the crossbeam system on the 
rear, the molding, and the nails attaching it to the support.
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century, to that in the Pinacoteca of San Gimi-
gnano by Coppo di Marcovaldo, the one in the 
Uffizi known as no. 432, and lastly the Cimabue 
Cross from San Domenico in Arezzo) all connect 
the horizontal and vertical sections by means of a 
cross-lap join which places the arm piece in front 
of the body panel. Instead, in the case of Cimabue, 
his somewhat later Crucifix now in the Museum of 
Santa Croce in Florence, damaged by the flood of 
1966, the vertical panel with the body of the Christ 
figure is placed in front of the horizontal arm pan-
el. Giotto also employed the same method for his 
Santa Maria Novella Crucifix, as described above, 
as well as for those in the Church of Ognissanti 
and in Rimini; and we may say that this technique 
of construction will be used practically constantly, 
with few rare exceptions, by all the painters to fol-
low. One of the few exceptions is the San Cresci 
Crucifix, painted after Giotto’s panel for Santa Ma-
ria Novella by Lippo di Benivieni; this example in 
fact deviates from the above-mentioned general 
rule, while furthermore both the support and the 
crossbars are of fir tree wood, although the other 
technical details of assembly are the usual ones.

The choice between following one or the other 
set of criteria may have been motivated by reasons 
regarding construction or questions of taste. 
The artists were certainly aware of the possible 
emergence of cracks along the joints on the painted 
surface, caused by the cross-grain placement of 
the fibers of the vertical and horizontal parts. The 
choice was therefore to decide between horizontal 
interruptions appearing across the entire body 
of the figure, or two smaller vertical ones more 
or less corresponding to the position of the 
shoulders. The choice of one or the other option 
may have been motivated by structural features, 
instead, such as the fact that the joints appearing 
on the surface could be directly connected to the 
use of grid-type crossbar systems. Attempts to 
compensate the noticeable structural weakness 
induced by the presence of the cross-lap joint 
both in the support and batten system, may be 
noted in the Giotto Santa Maria Novella Crucifix 
and in those subsequent to it. A solution was 
sought through the continuity of the long vertical 
battens, so that in general the weight of the union 
between the two parts—the support panel and 
the reinforcement grid—would be concentrated 
on these two longer elements, thus contributing 
to gaining a satisfactory degree of stability and 
resistance to flexing. We may easily understand 
that the desire to construct the work in a solid 

2.15. Further examples
The research undertaken during the course 

of restoration of the Giotto Crucifix from Santa 
Maria Novella was extended to studying other 
panel paintings attributed to the same workshop: 
the Crucifix for the Malatesta Temple in Rimini, 
the one for the Church of Ognissanti in Florence, 
and the Cross in the Scrovegni Chapel in Padua. 
The main difference we may immediately discern 
about the construction of these works regards nei-
ther the technical features nor the materials used, 
since equal criteria have been followed and in part 
using the same types of wood. Rather what emerg-
es is a different sensitivity in their overall creation. 
This is comprehensible considering the different 
workshops and locations even if the artist were the 
same, while it may also be imagined that a church 
as important as Santa Maria Novella may have of-
fered the privilege of contacts with an especially 
qualified workshop, and perhaps also the develop-
ment of an awareness of the requisites involved in 
placing the cross in a position which would per-
mit it to be viewed all around. The wood of the 
Rimini and Ognissanti crosses is thicker than that 
of Santa Maria Novella, while their battens are 
made of fir tree wood and are fashioned less care-
fully.69 Analysis of the Padua Crucifix has revealed 
a substantial difference that goes beyond just the 
smaller dimensions (223 x 124 cm): it is painted on 
both sides, which is obviously the reason for the 
lack of crossbars on the rear. However, the qual-
ity of the wood structure and the careful applica-
tion of the fundamental rules for positioning the 
boards and for guiding the methods of construc-
tion have made this otherwise difficult situation 
less problematic. The condition of the area cor-
responding to the cross-lap which joins the body 
and arm sections confirms that the union has suc-
ceeded in keeping the two parts solidly united, as 
well as having at least partially contributed to con-
trolling the wood’s behavior and to supporting the 
horizontal part. The structure has therefore stood 
up quite well to the effects of time, despite the 
absence of crossbars. Two strips of wood placed 
along the slanting outer edges of the base have 
contributed to strengthening it. Unfortunately, the 
need to use the “outer” face of the boards for the 
rear of the Paduan cross has resulted in detach-
ments and color losses in the paint layers.

We may conclude from the analysis of the 
painted crosses examined up to this point, that the 
earliest examples (ranging from crucifixes such 
as the one from Rosano dating from the twelfth 
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are at the same time specific and general. The 
same criteria for frame construction have been 
followed on all of the works dating from this 
period (as for the crucifixes). The frame, in this 
case in particular, plays an especially important 
aesthetic role, since it is decorated with eight 
full-length figures of saints painted on the longer 
vertical parts, and other half figures of saints on 
the shorter sections above and below. The parts 
covering the outer edges of the support not only 
finish the frame shape, but also reinforce the 
structure by contributing to warp resistance, and 
also protect the heads of the boards from RH 
exchange with the surrounding environment. 
The rear has been finished with a coat of gesso 
grosso and glue, which completes the protection 
and balances the forces influencing the two sides 
of the panel. The so-called Madonna del Popolo 
from the Florentine Church of Santa Maria del 
Carmine painted between 1270 and 1280, 
attributed to Coppo di Marcovaldo or to the 
Sant’Agata Master, (Fig. 29) was made according 
to similar principles. The support made of poplar 
wood is 262 cm high, 124 cm wide, and 4 cm 
thick; it is composed of three diametrically cut, 
excellently chosen boards, butt-joined edge to 
edge, with eight dowels inserted internally in the 
joints, distributed uniformly along their length72 

(Fig. 30). The structural reinforcement and 
control of warp relies on four battens fixed to the 
support by means of two nails per board, inserted 
from the rear a few centimeters from the edges in 
pre-bored holes and clinched back into the wood 
on the front. Two battens placed diagonally to 
form an X complete the crosspiece system. The 
original frame (removed in the eighteenth 
century, when the shape of the upper part of the 
painting was also modified by transforming it 
from pointed to round-arched) was composed of 
two parts, one mounted on the front and another 
around the outer edges, in the same way as the 
work described formerly; a second horizontal 
frame element divided the rectangular area of the 
Madonna on the front from the gable above 
containing the half-figure of God the Father. The 
rear has been coated with gesso grosso and glue, 
similarly to the Crucifix painted by Maestro 
Guglielmo and the Madonna from Santa Maria 
Maggiore. As we will see, although poplar wood 
would be preferred from this point on for larger 
panels, the criteria for selecting the type of wood, 
the methods of board and frame assembly, and 
the type of protection to apply to the rear 

way would be reflected in every single aspect, 
including the choice of wood for the crossbars that 
also had to conform to certain rules, in the sense 
that it was imperative to use wood strong enough 
to overcome the weakness of the joints.

Our ideas on how battens were prepared for 
nailing have been confirmed by direct observa-
tion of the paintings; it was in fact unthinkable 
that similarly fashioned nails could be forced to 
penetrate through as thick and hard a material 
as the wood used for the crossbars without pro-
ducing cracks, especially when hammered in. In 
fact, we have observed the presence of various 
holes in the wood of Giotto’s Santa Maria Novella 
Crucifix prepared to receive nails and then never 
used, since their position would have made them 
emerge from the support in the part left uncovered 
by the frame. Thus only a few centimeters would 
have made much more work necessary to clinch 
the nails back into the wood and isolate them from 
the paint layers.70

2.16. Twelfth- and thirteenth-century altarpieces
The Madonna and Child Enthroned from the 

Church of Santa Maria Maggiore in Florence is a 
suitable example of panel painting construction 
during the last quarter of the twelfth century. 
This work, attributed to an anonymous artist 
belonging to the Byzantine school of painting, 
was made around 1180, and is still in an excellent 
state of preservation (Fig. 27). Its examination 
has revealed the extremely refined technique and 
quality of the painting. The support’s features are 
as follows: the dimensions are 250 cm in height 
by 123 cm wide; three butt-joined planks of 
chestnut wood have been put together, each 4 cm 
thick; the boards have been cut through the 
diameter of the trunk, with three biscuits71 per 
joint inserted mid-way into their thickness. Two 
robust crossbars of fir tree wood have been nailed 
on the rear to the upper and lower margins (Fig. 
28). The frame is composed of two portions: one 
on the front that encloses the painted surface, 
and whose upper part furnishes the seat for the 
halo on which the head of the Madonna has been 
modeled out of gesso; another part attached to 
the outer edge of the panel, united to the front 
piece to complete the frame shape. This brief 
description already demonstrates the fact that 
the structure is as efficient as it is simple, a perfect 
union among the various parts with the crossbar 
system and the frame surrounding the support, 
so that the functions assumed by each component 
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instead only fixed by nailing (Fig. 32). The reasons 
for this technical choice are evident: the semi-
rigid nailing method was rightly preferred over 
the total and potentially dangerous blockage 
procured by gluing, due to the great stress that 
such a structure could provoke, especially in the 
areas where grid and frame meet.”73 A similar 
situation is found on Giotto’s Ognissanti 
Madonna (Fig. 33): “…observing the structure of 
this great altarpiece, it is impossible not to be 
impressed by how absolutely similar it is to that 
of the other great wood construction, the Maestà 
by Duccio; both demonstrate identical functional 
principles of semi-rigidity which relies solely on 

remained basically constant. The striving for a 
greater degree of control over the board structure 
resulted in devising a reinforcement system 
which also entailed placing battens around the 
perimeter of the support. An example of this type 
of construction is Duccio’s Maestà panel now in 
the Uffizi Gallery (Fig. 31). “The great panel of 
poplar wood (450 x 293 cm) has been made 
according to the practice of the period, in a fixed 
structure fastened together with iron nails. Only 
the five vertical planks which form the flat surface 
were obviously also glued together, while the 
reinforcement grid on the rear and the large 
molded frame have never been glued, but were 

27. Madonna and Child Enthroned, bas-relief panel, Florence, 
Church of Santa Maria Maggiore, painter of the Byzantine 
school.

28. Madonna and Child Enthroned. Three boards form the sup-
port, visible together with the crossbars placed at the upper and 
lower edges. A biscuit is revealed in proximity to the joint by 
the partial destruction of the support in that area .
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elements, one fixed to the front with points of 
glue and nails inserted from the rear of the 
support, while another covers the outer edges of 
the panel to complete the frame shape, as well as 
to contain the grid fastened to the rear. The early 
fourteenth-century panel by the Città di Castello 
Master in that city also has a cusped poplar wood 
support, composed of five sufficiently straight-
grained boards arranged vertically. The structural 
reinforcement fixed to the rear of the support, 
one of whose purposes was to keep warp under 
control, is composed of four crossbars also of 
poplar wood, placed one at the lower edge and 
one at the base of the cusp, with another two in 
between. The batten grid is fixed to the support 
by means of nails similar to those described 
above, passed from the rear to the front and 

the hold produced by nailing” (Fig. 34). As the 
restorer has informed us and as is supported by 
our own observation of these works, we have 
seen that the supports were made of excellently 
chosen wood; before being united, the flat 
surfaces of the boards were carefully prepared, 
destining their “inner” faces for the preparatory 
and painting side. Joining was accomplished by 
gluing together the edges of the planks, with the 
aid of biscuits inserted internally to keep them 
level until adhesion was complete, and to increase 
the resulting joints’ solidity. Nails were inserted 
from the rear and the tips bent back and clinched 
into the wood on the front of the panel. Cloth 
glued to the front of the support extended over 
the frame elements. The frame of Duccio’s panel, 
given its large dimensions, was composed of two 

30. St. Agatha Master, Madonna del Popolo. Construction of the 
support, showing the dowels inserted in the joints are shown, 
the support, and the crossbeam system for warp control.

29. St. Agatha Master, Madonna del Popolo, Florence, Church 
of the Carmine, Brancacci Chapel. 
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failure of the fibers with this sort of insert may be 
observed either on the rear of the panels or on 
the front underneath the preparatory and paint 
layers. Dovetail cleats may be found on paintings 
dating from the fourteenth century, or even later 
although on a relatively limited number of panels.

The description of the constructions up to this 
point largely corresponds, as already mentioned, 
to the majority of the works painted on wood dur-
ing this period, although several exceptions devi-
ating from these rules should also be taken into 
consideration. Panels painted on both sides are a 
special typology that obviously could not rely on 
traditional crossbar systems for warp control. An 
important example of this type of object is the 
Maestà painted by Duccio for the Duomo of Siena 
between 1308 and 1311. As reported in the Bol-
lettino of the Istituto Centrale del Restauro: “the 
original support of the Maestà was formed of a 
main board, to the rear of which a thinner board 
was glued and nailed. The main panel, or front side, 
was the support for painting the actual Maestà; in-
stead the thinner panel, or rear, contained twenty-
six scenes with Stories of the Passion of Christ. The 
front is composed of eleven poplar wood boards 

clinched into the wood on that side. This frame 
structure also consists of two elements, one 
placed around the perimeter on the front and the 
other around the outer edges, thus granting 
major stability and protection against climatic 
factors while also completing the frame shape. 
Furthermore, this panel reveals nine elements 
commonly called “dovetail cleats,” inserted in an 
irregular way into the joints on the face destined 
to be prepared for painting. These hardwood 
elements have been inserted cross grain to the 
fibers of the support, into which they are inserted 
to a depth of 1.5 cm. Their irregular distribution 
and the type of function such elements were 
expected to fulfill, makes it likely that problems 
had arisen immediately after the initial gluing of 
the boards, therefore making it necessary to 
resort to a further expedient to assure hold. As 
we will see in the chapter in which decay factors 
are treated, this technical detail has produced 
many cases of irreversible effects on the painted 
surface, although damage of this type is negligible 
in this case thanks to the use of cloth beneath the 
preparatory layers. The practice of reinforcing 
specific areas of the joins, or that of repairing the 

32. Duccio di Buoninsegna, Madonna Rucellai. System with 
battens around the perimeter and crosspieces.

31. Duccio di Buoninsegna, Madonna Rucellai, Florence, 
Gallerie degli Uffizi. 
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of construction was certainly adopted in order to 
meet the special demands of its exhibition site; 
in fact, the need to paint both sides forced the 
woodworkers to change the type of support and 
its control system, which habitually employed the 
usual nailed-down horizontal crossbars. On the 
Maestà, the double board structure took on this 
function: after their separate assembly the two 
parts were fastened together with their fibers run-
ning cross-grain, using glue and nails. This meth-
od of assembly together with the use of glue has 
undoubtedly been the cause of the pronounced 
fissuring on the rear of the panel with the Passion 
scenes. It is difficult to say whether the painter 
and woodworker had actually evaluated all of 
the problems that could derive from this sort of 
technique of construction; the characteristics of 
the cracks in the panels certainly seem to suggest 
that the work was already suffering stress and fis-
suring even before its removal from the high al-
tar of the cathedral. Besides Duccio’s great panel, 
other works have been made to be painted on 
both sides: Taddeo di Bartolo’s panel of 1403 for 
the Church of San Francesco al Prato in Perugia; 
and another large polyptych by Sassetta for the 

about 7 centimeters thick, joined with rare per-
fection. The boards, whose grain runs vertically, 
were glued together edge to edge with lime-casein 
glue, united by means of oak dowels sharpened to 
a point at the tips. The rear portion is composed 
of horizontal planks about one centimeter thick, 
their fibers therefore running opposite to those of 
the front boards.”74 This description also supplies 
some information about the nails used: “the heads 
of the nails that held the rear part to the front 
panel were covered with bees’ wax, to avoid their 
rusting upon coming directly into contact with the 
gesso…, while on both outer faces of the support 
a layer of glue was applied, then gesso grosso and 
glue; a cloth was then glued down, which in turn 
was covered with various coats of gesso sottile and 
glue.”75

The work currently measures 370 x 450 cm; 
we know that it is made of poplar wood, and 
that the front portion was composed of eleven 
boards about 7 centimeters thick, glued together 
with casein. Dowels were inserted into the edges 
of the joined boards for a depth of about eight 
centimeters per side; joining was generally per-
formed quite perfectly. This unusual technique 

34. Giotto, Ognissanti Madonna. System with battens around 
the perimeter and crosspieces to regulate support warp.

33. Giotto, Ognissanti Madonna, Florence, Gallerie degli 
Uffizi.
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dell’Accademia in Florence (1410), of 277 x 259 
cm, is an example of the first type of polyptych 
described above. The Madonna and Child oc-
cupy the central part, and four saints are rep-
resented laterally. This method of construction 
is typical of Tuscan woodworking techniques, 
combining three panel structures held to-
gether by two crosspieces; each separate part 
is composed of two vertically positioned pop-
lar wood planks, butt-joined at the edges. The 
three panels form the rectangular area for the 
paintings present on the main level, and have 
been shaped for the upper level, reducing the 
width where the Virgin, God the Father, and 
the Annunciating Angel were to be painted. An 
example of the second type of polyptych with 
separate panels held together by the crossbars 
is the Annunciation (404 x 381 cm) by Giovan-
ni del Biondo for the Cavalcanti Chapel in 
Santa Maria Novella (1380–1385), now in the 
Galleria dell’Accademia in Florence: the upper 
part of the polyptych support is trapezoidal in 
shape in order to receive the separate pinnacle 
panels, and the jutting aedicule with the finely 
made arches.

– A third type of construction is identifiable in 
a support formed of a single board structure 
with arches. The panels of the upper painted 
register rest on the arches, connected by strips 
of wood. Lorenzo Monaco’s Coronation of the 
Virgin in the Uffizi is an example of this. The 
architectural design elements, which punctu-
ate the painted surfaces, assume a conspicuous 
upward thrust inspired by this period’s great 
cathedrals.
Variations with double predellas were also 

made, in which the predella was either conceived 
as a separate entity or was attached firmly to the 
main panel before laying down the ground layers. 
The rectangular predella had the dimensions of 
the entire width of the object including the side 
pilasters, and was designed to serve as a pedestal 
for the whole painting including the crossbars and 
frames, and also formed a step on the front. Some 
other panels show side pilasters that do not rest 
on the predella but rather continue down to the 
ground.77

The predella in the form of a protruding base 
was formed of a board on the front, one for the 
base and another for the top, together with a 
panel on each side and others placed internally. 
The front board was usually prepared together 
with the rest of the painting, although cloth was 

Church of San Francesco in Sansepolcro between 
1437 and 1444. These works were all designed for 
painting front and rear, making it necessary for 
the woodworkers to devise supportive systems 
that could function for this type of grandiose al-
tarpiece without the traditional crossbars nailed 
to the rear.

The panel paintings described up to this point 
are characterized by components of their wood 
structures and preparatory layers which demon-
strate just how attentive the observation of the 
characteristics of the materials, methods, and 
techniques usually was; nothing seems left to 
chance, with the specific function of each part 
dedicated to contributing to the stability and du-
rability of the object. The criteria of choice and as-
sembly of the wood support, the crossbars and the 
system for attaching them, the frames that enclose 
the perimeter of the support in a sort of case, the 
preparatory layers with inclusion of cloth—all are 
constant features of the construction plans during 
these centuries.

2.17. The polyptych
A subsequent and very special sort of altar-

piece is represented by the polyptych, which ap-
peared from the start of the fourteenth century. 
These are composite works, some of whose com-
ponents were autonomous although each would 
be connected to the rest (from the Greek polyp-
tykhos “having many folds).”76

The development of the varied and complex 
construction of supports for the triptych or polyp-
tych began with Giotto, Duccio, Simone Martini 
and other Tuscan painters, becoming fully estab-
lished by the continued production of this type 
of artifact during the entire thirteenth and four-
teenth centuries. With the rise of the International 
Gothic style, the works increased constantly in 
size, and the images were often placed on various 
levels, separated by spiral columns and pilasters. 
The various support construction typologies may 
be divided as follows:
– Structures formed of individual, continuous 

panels, with space provided for both the main 
and upper registers of painting. The arches were 
shaped in either straight or curvilinear forms, 
and were placed over further pieces of wood to 
make them protrude from the main plane.

– Structures in which the upper painted reg-
ister was on separate single panels add-
ed to the support above the main level. 
Lorenzo Monaco’s panel now in the Galleria 
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the ensemble were rather simple. Another fea-
ture of Tuscan woodworking was to reserve carv-
ing mainly for pinnacles and for decorating the 
edges of the gables with leaf motifs. The crafts-
men of the Venetian school also continued to de-
velop this type of object during the centuries to 
follow, with further variations in comparison to 
the works made in Tuscany in the way supports 
and frames were made, for example inserting the 
painted panels in very elaborate frame structures. 
Thanks to the cultural and commercial influence 
of Venice, this type of artifact spread across the 
cities of northern Italy, in the Po River plain, 
and in the main cities inwards from the Adriatic 
coast. Similarly, the influence of Florence and 
Siena predominated in central Italy where many 
examples of their production were exported.

In central Italy, and in particular in Tuscany, the 
basic support of flat boards constitutes the load-
bearing structure of the polyptych: not only is it the 
carrier for the preparatory layers, it is also the seat 
of all the architectural elements and decorations. 
Any one of three fundamental typologies of 
polyptych may be identified observing these 
works. The first includes multi-paneled works 
composed of a number of board structures closely 
united by means of dowels inserted into the 
support boards without gluing, and by crossbars 
on the rear. On the front, the support is unified 
by the predella placed as a pedestal along the 
bottom edge, the pilasters attached to the front, 
and the architectural frame elements—the latter 
often fastened with calcium caseinate glue and 
nails (Figs. 35, 36). The Badia Polyptch by Giotto 
(Uffizi) is one of the earliest and most important 

sometimes not present. The painted scenes on 
the front of the predella were often the same 
size as the corresponding painted areas on the 
main panel above. The bottom and top boards 
were attached to the front board’s long edges, 
while the side sections were added from the rear, 
all connected by means of glue and nails. The 
finishing of the predella foresaw attaching frame 
moldings on the front to separate the scenes, 
although these were sometimes omitted when the 
same effect was obtained by painting. The bases 
for pilasters or spiral columns were placed at the 
separations between the painted scenes. A shaped 
frame molding on the upper and lower edges of 
the predella concluded the entire assembly.

Certain rare examples exist in which the 
polyptych does not rest on the predella, with the 
main panel passing behind it to stand directly 
on the altar table; in this case the panel was not 
painted in the area covered by the predella. The 
triptych by Matteo di Giovanni in the Museo 
Civico in Sansepolcro is of this sort.

Besides Tuscany, Venice was another impor-
tant area where this typology developed, through 
the work of Paolo and Lorenzo Veneziano who 
were producing similar objects. The polyptychs 
of these artists differed from those created in 
Florence and Siena in their architectural design 
and carving. The shapes, finish, and depth of 
carving of the pilasters and aedicules of the Vene-
tian polyptych were usually very elaborate, much 
more so than the architectural ornaments on the 
Tuscan panels. The latter were usually fastened to 
the main support before applying the preparato-
ry layers, and the frame moldings that completed 

35. Giotto, Badia Polyptych, Florence, Gallerie degli Uffizi.
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examples of this type of polyptych restored in our 
Laboratory; more recently other works of this 
type have also been treated, such as the polyptych 
attributed to Segna di Bonaventura or Francesco 
di Segna from the Museum of Montalcino, and 
Lorenzo Monaco’s Coronation of the Virgin now 
in the Uffizi, and his Annunciation in the Church 
of Santa Trinita in Florence. This typology also 
includes works whose design allowed for the 
separation of the various pieces, by means of 
opening tongue and groove connections in the 
battens in correspondence to the joints between 
the single panels. This type of batten construction 
also permitted the disconnection and remounting 
of the previously assembled panels by means 
of wooden pins passing through the battens to 
block the joints. The Giotto polyptych from the 
Baroncelli Chapel and the one by Giovanni da 
Milano in the Museo Civico in Prato are examples 
of works supplied with this structural feature. The 
panels, each of which could be composed of one 
or more boards, were normally made of poplar 
wood. It was particularly important in the case 
of very large paintings to be able to separate the 
pieces, since this made it easier to move it from 
the woodworker’s shop to that of the painter 
for the various phases of execution, then finally 
place it in its final site in the church. This type of 
construction required formulating an overall plan 
that allowed for dismantling the main and upper 
tiers, together with the crowning pieces and all 
the rest: the step-shaped predella beneath, the 
side pilasters, the pinnacles, the spiral columns 
and the small pilasters dividing the main painted 
scenes.78

Another type of polyptych or triptych struc-
ture involved constructing a single panel, though 
this could be quite large. Obviously no changes 
were necessary in the choice of the wood nor in 
the woodworking techniques, neither were the 
criteria for board assembly different. Very rigid 
crossbars were applied, however, according to the 
same rules as those described for the other types 
of polyptych. Woodworking in the Florentine area 
usually entailed placing one crosspiece along the 
lower edge of the panel and another at the base of 
the arches. If the painting was particularly large, 
a third batten could be added in the middle be-
tween the other two. The crossbars were nailed 
from the front of the wood support and their tips 
clinched back into the battens on the rear; the nail 
heads on the front surface were covered by the 
predella and the arches mounted in front of them. 
The construction of the polyptych or triptych in 
the Siena area had two crossbars, one upper and 
one lower one, positioned about ten centimeters 
inward from the margins of the support. A predel-
la in the form of a “step” served as a pedestal and 
completed the general architectural composition. 
Its rectangular shape was the result of combining a 
front panel, on which the figurative parts would be 
painted, with two side panels (not always painted), 
several internal support elements, and an upper 
cornice and lower surbase.

Several examples reveal structural details that 
differ from these general and more frequently 
encountered characteristics (Fig. 37), of which the 
Santa Maria della Tromba tabernacle by Jacopo del 
Casentino is an excellent example. The structure 
of this work testifies to the technical richness 

36. Giotto, Badia Polyptych, Florence, Gallerie degli Uffizi. Reverse with details of the workmanship on the support.



Structural Conservation of Panel Paintings at the OPD in Florence: Method, Theory, and Practice

320

has been repainted in the sixteenth century with 
a Madonna and Child over an earlier Martyrdom 
of St. Sebastian, has a predella attached to the 
main panel, together with a slim frame bearing the 
dedicatory inscription, rather than being a free-
standing structure as was customary.

Lastly, the panels of another type of polyp-
tych typical of northern Italy were inserted into 
a structurally supporting framework, a method 
of construction that totally inverted the princi-
pal system used in Tuscany.80 Since the support 
itself was no longer the primary structural com-
ponent, it tended to be thinner than in the other 
types, while crossbars were not always present 
since their function was partially assumed by 
the framework’s perimeter. The architectural and 
other decorative elements were arranged on the 
front face of the framework. Neither the mode of 
assembling the boards nor the nailing of the orna-
mental parts were different. The predella was no 
longer constructed autonomously but was rather 
inserted into the load-bearing structure, which 
was composed of a support system in the form 
of a framework into which the single scenes were 
arranged and the ornamental parts attached. This 
main structure served as the base for attaching the 
other components such as pilasters and the pre-
della. While this type of construction found its 
greatest diffusion in northern Italy, it has also been 
identified in the region of the Marche and in cen-
tral-southern Italy. An example is the Valle Romita 
Polyptych by Gentile da Fabriano, which our In-
stitute studied while investigating the possible at-
tribution to the same artist of a Crucifixion pres-
ent on the antique market. The Olera Polyptych by 
Cima da Conegliano, the San Giacomo di Peghera 
Polyptych by Palma il Vecchio, and the Polyptych 
by Lorenzo Lotto from the church of Ponteranica 
in Bergamo are representative examples of this 
type of construction.81

2.18. Polyptychs with panels held together by cross-
pieces

The type of polyptych constructed of separate 
panels may be exemplified by at least three works 
by Giotto: the Badia Polyptych, another in the 
Pinacoteca of Bologna, and the one in the Baroncelli 
Chapel in Santa Croce; also by Taddeo Gaddi’s 
paintings in the Galleria dell’Accademia and in the 
Church of Santa Felicita in Florence. This chapter 
will discuss only the Badia Polyptych, while the 
others will be described in the one to follow. The 
study of this painting proved very interesting, 

and creativity of medieval woodworkers, as has 
emerged from the interesting study undertaken 
during its recent restoration.79 Although this 
panel suffered interference during the eighteenth 
century, it still maintains an original, reverse 
T-shaped batten. This crossbar is connected to 
the support by insertion into a continuous track 
opened in wooden cleats carved from the same 
wood species as the rest, mounted with their 
fibers running in the same vertical direction as 
the boards themselves. This method for applying 
what may be considered a sliding crossbar has not 
been not found, at least until now, on any other 
work of such an early date, anticipating a solution 
which a century later will be used to guarantee 
continuous and extensive control of the support 
over its entire surface. A triptych from Santo 
Stefano at Secciano, associated with the school of 
Niccolò di Pietro Gerini but whose central panel 

37. Jacopo Landi called Jacopo del Casentino, Tabernacle of 
Santa Maria della Tromba, Madonna and Child Enthroned 
with Saints. Detail of the warp control system: the crossbeam in 
the shape of a reversed “T” is connected to the support slipped 
into a continuous wooden track carved in relief.
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already described, added to protect the extremely 
sensitive head-ends of the boards from RH 
exchanges. The architectural elements attached 
to the front also contributed to connecting the 
panels: the small predella fixed to the support at 
the bottom acting as a base for the frame molding 
and also to enclose the figurative representation; 
the cusps above and the pilasters filling the spaces 
between the panels. All of these components 
were glued to the support point-by-point and 
nailed. As was customary for panel painting in 
this period, cloth glued to the support played a 
strategic role in rendering the surface uniform for 
preparation, and absorbing the movements of the 
wood, as well as uniting all of the parts attached to 
the construction. The polyptych was also certainly 
intended to have lateral pilasters and pinnacles to 
crown the small pilasters dividing the scenes.84 
Numerous examples exist of the fourteenth-
century polyptych with panels situated one next 
to the other and united by the crossbars and 
architectural elements. A further example of 
this typology of construction is a triptych from 
the Church of Morgiano (municipality of Bagno 
a Ripoli) whose wood structure is still intact, 
painted by an unknown Florentine artist in the 
early fifteenth century (Fig. 38). Differently from 
the Badia Polyptych, this work is composed of 
three panels and side pilasters united to the rest 
by battens. This triptych was constructed with the 
poplar wood support composed of boards placed 
vertically, two crosspieces placed at the bottom 
and at the base of the arches, and a flat frame 
structure containing a simply shaped molding 
around the perimeter that encloses the figures. 
The final frame structure covers the connections 
between the panels and includes the small 
pilasters that separate the scenes together with the 
arches, and on the bottom a small predella with an 
inscription, enriched by moldings which outline 
the symmetry of the three panels and the bases of 
the pilasters. Every part is made of poplar wood.

Another example is the polyptych by the Mas-
ter of the Fabriano Altar from the Church of San 
Donnino in Certaldo. This work has been made 
in a quite essential form, composed of five pan-
els each of which is a single vertical plank, united 
by a crosspiece at the base and another below the 
cusps. The painted images on the front are divided 
by small pilasters which originally concluded in 
pinnacles. Another polyptych of the same type 
is that by Francesco di Segna now in the Museo 
Civico e Diocesano in Montalcino, composed of 

revealing a series of important technical features: 
the support has been tooled carving the arch 
frames from the wood itself; it has been confirmed 
that the nails were inserted through previously 
drilled holes; dowels were inserted in the joins 
to connect the panels, differently from what is 
ordinarily found on paintings coming from the 
Florentine area. Painted around the beginning 
of the fourteenth century, the Badia Polyptych is 
composed of five panels, each made of one large 
board; strips of wood have been added to the sides 
of the panels to increase their width, glued and 
fixed with four nails each. The join of the strip 
on the right side, seen from the rear, has been 
reinforced inserting ‘U’ shaped clamps. These 
portions of wood have been carved on the front to 
form a column with a capital and base, and have 
holes drilled through them to pass the nails to fix 
them to the main panel.82 The upper part of each 
panel is in the form of a cusp. The boards, made 
of very carefully selected poplar wood, are sub-
radial cuts, and placed with their fibers running 
vertically. Each panel is 91 cm in height, while the 
width of the entire polyptych is 340 cm; the central 
panel with the Madonna and Child is slightly 
wider than the others. The panels show evident 
signs on the rear left when smoothing the wood 
with a slightly curved-blade adze. The front of the 
support has been accurately smoothed, using a 
small plane working horizontally to increase the 
porosity of the wood, in order to achieve better 
grip for the ground and paint layers. The assembly 
of the panels united them in a simple way, with 
a dowel inserted in their upper part, while it has 
not been possible to determine whether dowels 
were inserted in the lower portion to keep all of 
the panels level. Crossbars supplied connection, 
as was usual in these cases: one positioned at the 
bottom edge of the main support and a second at 
the base of the arches.83 The chromatic differences 
visible on the wood on the rear of the panels 
inform us about the type of original crossbar 
system: the battens were about 8 cm wide and 10–
11 cm thick, and were fastened with nails inserted 
from the front of the support (therefore with 
their heads covered by the predella and arches), 
clinched back into the surface of the crossbars on 
the rear. Strips of wood attached to the outer edges 
of the cusps were used to form the frame moldings 
on the front to finish the architectural structure, 
and protect the exposed head-ends of the wood. 
Their function is therefore similar to the frames 
applied to the other types of panels and crosses 
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2.19. The polyptych with separable panels
Numerous panels were constructed so that 

the various panels could be taken apart and then 
reassembled, mounting crosspieces divided in 
sections with inserts that enabled them to be 
separated. The parts of the frame placed over 
the areas where the panels were joined were usu-
ally mounted afterwards on a separate structure, 
again for the purpose of facilitating their re-
moval. The crossbars were fitted with a joining 
mechanism inserted in them in correspondence 
to the edges of the panels, sometimes a tongue 
and groove or a cross-lap joint, or simply with the 
end portions of the sections slanted to fit togeth-
er. The joins were held together by two pins pass-
ing through the crossbars, or else were nailed. 
The pilasters or small spiral columns were usu-
ally fastened only to one side of the join, or were 
added only after the final placement on the altar. 
The Coronation of the Virgin by Giotto from the 
Baroncelli Chapel in the Church of Santa Croce 
in Florence,86 represents one of the earliest ex-
amples of wood constructions whose side panels 
could be separated from the central one (Fig. 39). 
The original shape of this work was in the form 
of a five-paneled cusped-arch polyptych, made of 
poplar wood with fir tree crossbars. Although the 
arches were modified in the fifteenth century to-
gether with all the other architectural elements, 
the painting still conserves important features 
that reflect the original criteria used to con-
struct it. The two crossbars, placed at the lower 
edge of the panel and at the base of the arches, 
are sectioned in proximity to the margins of the 
central panel, united by tongue and groove joins 

five panels held together with dowels and continu-
ous crossbars. The painting, in a very poor state of 
preservation, was treated in our Laboratory in the 
1990s, after having already been restored in the 
early 1900s. Its original shape had been altered: 
the points of the gables cut off, the side pilasters 
and pinnacles lost, and the original height of the 
central panel reduced on the lower part. The study 
on the construction technique carried out prior to 
restoration made it possible to identify the original 
holes bored into the edges of the boards to receive 
the dowels for assembly. This permitted us to re-
construct the original dimensions of the central 
panel and to reconstruct the missing parts, thus 
enabling us to remount the polyptych with each 
panel positioned at the correct height.85

38. Anonymous Florentine painter, fourteenth-century trip-
tych, Madonna and Child with Saints, Morgiano, Church of 
Sant’Andrea, front view and exploded drawing of the wood 
construction.

39. Giotto, Baroncelli Chapel Polyptych, Coronation of the Virgin, original crossbeam system with the tongue and groove joins in the 
battens that permit separating the central panel of the polyptych from the others.
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fixed with passing pins; this device consented the 
detachment of the four lateral panels from the 
central one. Another polyptych by Giotto now 
in the Pinacoteca in Bologna also had crossbars 
which could be taken apart, which unfortunately 
are now lacking after the intervention done in the 
1950s. This painting is composed of five poplar 
wood panels with full-length figures, the Ma-
donna and Child enthroned in the central panel 
and the Saints Peter and Paul and the Archangels 
Gabriel and Michael in the other four. As may be 
seen in the X-radiograph and from the manner 
in which the battens were nailed, as well as in a 
photograph that still shows the presence of the 
lower crossbar, the five parts were held together 
by battens divided in sections at the margins of 
each panel, united in a tongue and groove joint, 
and fixed with a pin passing through the depth of 
the bars themselves. As on the Badia Polyptych, 
the sloping side edges of the arches were finished 
with frame pieces carved in flame-like motifs, 
characterized by their very refined workmanship, 
and which served to protect the exposed wood 
and to create a decorative closure on the points 
of the arches. Another important example of this 
typology is the polyptych by Taddeo Gaddi in 
Santa Felicita in Florence, which still retains the 
original batten bars and on which it is possible 
to observe the system for separating the saints in 
pairs from the central panel.

This batten system is also found on other works 
dating from the second half of the fourteenth 
century, as we will see, for example on the two 
polyptychs by Giovanni del Biondo from the church 
of Santa Croce in Florence. The one in the Rinuccini 
Chapel has been structured to receive the figurative 
representation on two levels; it is composed of a 
poplar wood support, with well-chosen, sub-radial 
boards cut centrally from the tree trunk; the wood 
flats are sufficiently straight-grained, and have their 
“inner” faces turned towards the preparatory layers. 
The boards have been assembled with a butt-join, 
glued together at the edges as previously described. 
The nails to fix the three batten bars to the support 
were inserted differently: the upper and lowermost 
crossbars nailed from the front with the tips 
clinched back on the rear into the wood; the middle 
one nailed instead from the rear to the front of the 
support. The joining mechanism in the battens 
that enabled the panels and the side pilasters to be 
separated is quite a “reduced” version in this case: 
the crossbar sections extend beyond the edges of 
the panels only about one centimeter, and their 

slightly slanted ends overlap only about one and 
a half centimeters. The nails holding the sections 
together have been inserted crosswise.87 The 
support rests on a predella, which however has been 
altered in the past, and is flanked by two pilasters 
made of a single rectangular piece of poplar wood 
whose outer corner is turned towards the viewer. 
The outer edges of the side pilasters have spiral 
columns carved on the lower portion and pilasters 
on the upper part, and their summit is tapered to 
form a truncated pyramid from which three carved, 
gilded pinnacles rise at the corners and a fourth one 
from the center. The side pilasters are nailed to the 
crossbars which extend beyond the sides of the 
support. The other painting by Giovanni del Biondo 
is a pentiptych in the last chapel to the right in the 
transept formed of a single register, whose materials 
and technical features are similar to the previous 
one, aside from the method of connecting the 
crossbar sections by means of a tongue and groove 
join. The same crossbar system has also been used 
for the polyptych with a Madonna and Child and 
Saints by Giovanni da Milano, in the Museo Civico 
in Prato (Figs. 40, 41). This work consists of three 
panel structures: the main central panel, flanked 
by two side panels each with a pair of saints, all 
connected by two battens with tongue and groove 
joints held by pins. Another characteristic feature 
of this painting is the double predella in the form 
of a stepped pedestal, constructed independently 
from the rest of the support. Another polyptych by 
Giovanni da Milano, now dismembered and whose 
panels have been reduced in size, also originally had 
such a separable crossbar system. Seven paintings 
have been identified as belonging to the original 
work, realized between 1365 and 1369: three from 
the upper order, two panels from the predella, and 
two paintings from the main order. The latter are a 
Christ in Judgment now in the Pinactoca di Brera 
measuring 152 x 69 cm, and a panel with eleven 
saints in the Galleria Sabauda in Turin, 159 x 71 cm.

Several of these structural features are also 
present in the polyptych with an Annunciation 
by Bartolo di Fredi, conserved in the Museum of 
Montalcino. The painted compartments are also 
distributed on two levels, it has dividable cross-
bars with tongue and groove joins, and pilasters 
positioned so that their corner edges face the ob-
server. As usual, the pilasters rest on the predella 
which thus automatically serves as their base.

Among the panel paintings treated in our 
Laboratory, we may cite several examples of 
large-size polyptychs with detachable parts: the 
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the edges of the support, connected by means of 
the ends fashioned obliquely in the vertical sense. 
The final unification was obtained by inserting 
nails crosswise into the crossbar sections at the 
point of their juncture. The panels themselves 
were kept level also by means of dowels inserted 
into the thickness of the wood. The higher part 
is carved in the shape of a trapezoid, with a base 
on top of it to hold the upper level paintings. The 
construction of the entire support has been so 
carefully and precisely executed that it almost 
gives the idea that certain parts might not be 
original, given the excellent state of conservation 
of the wood itself and of the finishing pieces both 
of the main panels and those on the upper level.

In Umbria, the Polyptych of Donna Brigida in 
San Niccolò in Foligna by Niccolò Liberatore called 
l’Alunno is a creation whose original woodwork 
is still intact including the dividable crossbars with 
half-lap joins. Ten paintings compose this large 
polyptych, plus the scenes in the predella and the 
side pilasters. The main register may be separated in 
its five parts thanks to the crossbar system, while the 
five on the upper level may be removed from those 
below because of a “bayonet” mechanism in the form 
of a strip of wood in the upper panels, which fits into 
a small cleat fastened to the panel beneath.88

Annunciation by Giovanni del Biondo and the 
Coronation of the Virgin by Rossello di Jacopo 
Franchi, both from the Galleria dell’Accademia 
in Florence. These works demonstrate the use 
of the same type of materials and methods as 
those for the other triptychs and polyptychs 
examined. The rear of the three panels composing 
the Rossello di Jacopo Franchi has been treated 
with a very refined finish of gesso grosso and glue, 
decorated with nine tempera painted faux-marble 
partitions. Other important polyptychs made 
with separable side pilasters, main and upper 
painted panels, and pinnacles are found among 
those by masters from Siena. Among these we 
may mention the Polyptych of the Gesuati, also 
known as that of the Beato Colombini, created by 
Sano di Pietro in 1444, in the Pinacoteca in Siena. 
This tempera painting on poplar wood measures 
335.5 cm in height and 291 cm in width overall. 
The lateral panels are formed of a single board, 
while the central one is a single, wide board with 
a smaller board added on the right. The vertically 
placed boards are generally well chosen, despite 
the presence of knots in several areas and some 
deviations of the fibers. The inner face of the 
boards has been used for the front side, and the 
rear has been roughly smoothed with an adze. 
Three chestnut wood crossbars unite the panels, 
and as usual in the area of Siena, are placed at 
a certain distance from the bottom and from 
beneath the arches. They have been inserted from 
front to rear where they are clinched back into the 
crossbars, with three nails for the central panel 
and two for the lateral parts. The system united 
the laterals stably two by two, while the central 
panel is by itself, and has been joined to the side 
units by the sectioned crossbars overlapping at 

40. Giovanni da Milano, Madonna with Child and Saints, Prato, 
Museo Civico. Detail of the crossbar system for connecting the 
various panels forming the polyptych.

41. Giovanni da Milano, Madonna with Child and Saints, 
Prato, Museo Civico. A separated section of the altarpiece.
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e proporzioni,” in Il politico di Giotto nella Pinac-
oteca Nazionale di Bologna: nuove letture, ed. by D. 
Cauzzi, C. Seccaroni, Florence 2009, pp. 61–78.89

Table of the known separable polyptychs, see D. 
Cauzzi, C. Castelli, P. P. Monfardini, C. Sec-
caroni, “Il supporto ligneo: costruzione, struttura 

AUTHOR WORK DATE LOCATION REF.

Ugolino di Nerio Polyptych for Santa Croce, 
Florence 1324–25 London, National Gallery Bomford 1989, pp. 112–113

Giotto Polyptych c. 1326 Bologna, Pinacoteca Nazionale

Giotto Baroncelli Polyptych 1329–32 Florence, Santa Croce Castelli 1999, p. 79

Bernardo Daddi San Pancrazio Polyptych c. 1340 Florence, Uffizi

Bernardo Daddi Polyptych for the Spanish 
Chapel 1344 Florence, Santa Maria Novella Bomford 1989, p. 108

Taddeo Gaddi Polyptych in Santa Felicita, 
Florence c. 1354 Florence, Santa Felicita Buda 2008

Giovanni da Milano Polyptych 1360 Prato, Museo Civico Castelli 1999, p. 79

Giovanni da Milano Polyptych (dismembered) 1365–69 Milan, Pinacoteca di Brera; Turin, 
Galleria Sabauda

Bellucci 2008

Andrea Orcagna
Pentecost Triptych (for the 
church of Santi Apostoli in 
Florence)

1365–70 Florence, Galleria dell’Accademia Merzenich 2001, p. 52

Niccolò di Pietro Gerini 
and Pietro Nelli Polyptych 1375 Impruneta, Santa Maria Merzenich 2001, p. 52

Giovanni del Biondo 
predella Neri di Bicci Polyptych 1379 Florence, Santa Croce Castelli 1999

Giovanni del Biondo Cavalcanti Polyptych (for 
Santa Maria Novella) 1380–35 Florence, Galleria dell’Accademia Castelli 1999, p. 79

Bartolo di Fredi Dismembered polyptych 
Coronation of the Virgin 1383 Montalcino, Museo Civico e 

Diocesano di Arte Sacra Castelli 1999, p. 79

Niccolò di Pietro Gerini, 
Spinello Aretino and 
Lorenzo di Niccolò

Polyptych, Coronation of 
the Virgin and Saints (for 
Santa Felicita)

1401 Florence, Galleria dell’Accademia Merzenich 2001, p. 52

Lorenzo di Niccolò
Coronation of the Virgin 
and Saints (for the Church 
of San Marco, Florence)

1402 Cortona, San Domenico Merzenich 2001, p. 52

Lorenzo Monaco Triptych 1404 Empoli, Museo della Collegiata Merzenich 2001, p. 52

Taddeo di Bartolo Polyptych (for the Duomo 
of Volterra) 1411 Volterra, Pinacoteca Civica Bomford 1989, p. 106

Rossello di Jacopo Franchi

Coronation of the Virgin 
and Saints (for the 
Convento delle Campora, 
Florence

1420 Florence, Galleria dell’Accademia Castelli 1999, p. 79

Andrea di Giusto Polyptych 1435 Prato, Museo Civico Merzenich 2001, p. 52

Fra Angelico Montecarlo Annunciation c. 1440 San Giovanni Valdarno Merzenich 2001, figs. 131, 132

Niccolò Liberatore, called 
l’Alunno Donna Brigida Polyptych 1492 Foligno, Chiesa di San Niccolò Saccuman 2004, pp. 489–499

Sano di Pietro Gesuati Polyptych 1444 Siena, Pinacoteca Nazionale

Giovanni dal Ponte Ascension of St. John the 
Baptist 1420–24 London, National Gallery National Gallery, London, Italian 

Altarpieces (Nethersole 2011)
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central upper panel was already missing. Gentile 
da Fabriano, like many other artists, produced 
paintings whose structural features differed 
according to the geographical area in which the 
artist was momentarily working. When Gentile 
was engaged in making the Adoration of the Magi 
altarpiece in Florence, while the work was indeed 
in the International Gothic style, the support 
was typical of Tuscan woodworking practices 
in the early decades of the fifteenth century. Our 
study has made it possible to discern the traces 
of the collaboration between the painter and the 
woodworkers, carvers, and gilders, valid both for 
devising the plan for building the painting support 
and for its actual execution. Although the criteria 
adopted for the framework system appear clearly 
distinct from those applied to works which rely 
on the support itself for structural strength (the 
former allowing for painting to be done completely 
separate from the framing, both in the physical 
and temporal sense), it is equally true that the 
making of altarpieces during the Gothic period also 
included the collaboration of various workshops 
and professional figures working separately.

Numerous examples of this sort of polyptych 
also exist in Tuscany at a much later date: the 
Trinity Triptych made by Domenico Beccafumi 
in Siena in 1504, whose exquisite frame includes 
the predella and the carvings. The broad trabe-
ation rich in grotesque motifs and decorated with 
shaped, carved and gilded frame moldings, makes 
room for three finely executed panels whose rear 
is finished with gesso grosso.

2.21. The single panel polyptych
There are numerous examples of the polyptych 

constructed in the form of a single panel, without 
any great distinction between period or artist. A 
continuous support characterizes such triptychs 
as the Annunciation painted by Simone Martini in 
1333, now in the Uffizi Gallery, the Annunciation 
by Lorenzo Monaco from the Church of Santa 
Trinita in Florence, and the same painter’s 
Coronation of the Virgin conserved in the Uffizi, 
signed and dated 1414 (Fig. 42). Lorenzo Monaco’s 
Coronation may be taken as an example of this 
type of construction to illustrate its structural 
features. This work was heavily restored in 1867, 
at which time the three crossbars originally nailed 
to the panel were removed and substituted with 
new ones, inserted into a dovetail-shaped track 
carved out of the wood across the rear. All of the 
architectural components originally glued and 

2.20. The multiple panel polyptych mounted in a 
framework

Another type of polyptych is composed of 
separate scenes painted on single panels, inserted 
into a structurally supporting framework. As al-
ready mentioned, this type of panel painting is 
typical of northern Italy, the Venetian area, and 
the regions facing the Adriatic. It has a struc-
tural support framework which houses the single 
scenes, and also serves as the surface for attach-
ing the ornamentation and other parts, such as 
pilasters, the crowning pieces, and the predella. 
As already mentioned at the start of our dis-
cussion on polyptychs, many works were con-
structed this way, especially those by Venetian 
artists who continued to use this format even 
after adoption of the new language of the Renais-
sance. The large Sacred Conversation altarpiece 
made by Andrea Mantegna for the Church of San 
Zeno in Verona and the Olera Polyptych by Cima 
da Conegliano with its precious original frame; 
the Peghera Polyptych by Palma il Vecchio, and 
the Polyptych by Lorenzo Lotto in the church of 
Ponteranica in Bergamo (which no longer retain 
their original frames): all are important examples 
of this type of construction.

The Valle Romita Polyptych, painted by Gentile 
da Fabriano around 1400 for the church of the 
convent of the Minori Osservanti in Val di Sasso near 
Fabriano, is an example of this type of construction 
from the region of the Marche. Although we see it 
today in a modified form, this painting may still be 
considered a useful example of this structural type, 
and as representative of the relationships existing 
between the painter and the woodworkers. Study 
of the polyptych has shown that it was constructed 
on two levels: the main part composed of five 
panels, with five more panels placed on a secondary 
level above. These panels were all contained in 
a framework from the time of its making, with 
frames, carvings, and pinnacles covering the frontal 
face and columns closing the sides. The particularly 
careful study of this polyptych also permitted us 
to compare it with other works by Gentile. This 
work, in fact, had a typical framework functioning 
as the structural support, into which the single 
painted panels were inserted to form the whole, 
together with the architectural elements attached 
to the front. Unfortunately, many components 
have suffered heavy interference in the nineteenth 
century when the work was dismembered. When 
the polyptych was recomposed in the Pinacoteca di 
Brera at the beginning of the twentieth century, the 
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exactly where to position the crossbars. The areas 
thus marked were then carefully smoothed and 
the crossbars positioned and fixed, as was usual 
by means of glue and nails. The nails were inserted 
through the support front to back, thus coming 
out of the rear through the battens where they 
were clinched back into the wood; the heads of 
the crosspiece nails were covered by placing the 
predella with the inscription on top of those used 
for the lower batten, and the cusps over the nails 
of the upper bar.

Complex architectural elements attached to 
the front of the panel surround the painted surface. 
Each of the three cusps forming the upper portion 
of the main support is crowned with a jutting 
aedicule, itself trapezoidal in shape, decorated 
with gilded vegetable motifs carved from strips of 
wood glued to the front face, then also glued and 
nailed. The tops of these protruding architectural 
elements provided the space for placing the 
upper level painted panels, resting them on an 
intermediate pedestal designed to further elevate 
their height. These jutting cusps are united, and 
their outermost edges are attached to the lateral 
pilasters which terminate the polyptych on each 
side. The supports of the upper order of paintings, 
which measure 125 cm high by 57 cm wide and 3.5 
cm thick, are composed of two boards each; these 
panels rise from the frontmost part of the thickness 
of the wood of the main panel’s cusps, and are 
themselves crowned with smaller triangular-
shaped cusps. The upper level panels are made 
of poplar wood, the boards are sub-radial cut and 

nailed to the panel were detached in the same 
moment, and remounted less securely; lastly, the 
original connections of the predella to the rest 
were altered. The historical and conservation 
reasons behind this episode of intervention are 
illustrated in the chapter on reasons for decay 
(Fig. 43). The study of this work, carried out 
during its restoration and presented in 1998,90 

is the basis for whatever observations may be 
advanced regarding the original battens and 
certain parts of the architectural structure. The 
painted surface is distributed on two registers: the 
main structure where painting extends over the 
entire support whose upper part is shaped to form 
three trapezoidal arches; the level above consisting 
of three panels, again arched, fixed to those 
beneath. The main support measures 373 cm in 
width and 293 in height; its 3.7 cm thick boards 
are twelve in number, generally well selected with 
an intermediate sub-radial cut. 91 The “inner” faces 
of the boards have been used for the preparatory 
layers, and each has been perfectly finished along 
the edges before gluing them together with calcium 
caseinate to form a very large single panel. After 
having accurately trued the support face destined 
to be painted,92 work continued on the rear to 
prepare it to receive the crossbars. Parallel pairs of 
red lines were accurately drawn on the rear of the 
support, which have remained visible, to indicate 

43. Lorenzo Monaco, Coronation of the Virgin. Rear of the main 
support, with the trapezoid-shape crossbars put on in 1867. 
The variations in color visible on the wood support permit lo-
cating the original position of the crossbars.

42. Lorenzo Monaco, Coronation of the Virgin, Florence, 
Gallerie degli Uffizi.
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style and composition, which in a brief length of 
time were destined to undergo great structural and 
formal changes.93 Although it is certainly true that 
the single panel polyptych does already exist dur-
ing the first half of the fourteenth century, we may 
consider Lorenzo Monaco’s Coronation to be a high 
point of Gothic polyptych construction, and at the 
same time an anticipation of models for composi-
tion which began to demand a unified pictorial field 
to contain the figurative representation.

2.22. Small altarpiece for private devotion (altarolo)
This type of artwork is characterized by a wood 

support which generally includes a main arched 
panel, and two flanking shutters hinged to close like 
a door over the central image. The shutters were 
connected to the frame attached to the outer edges 
of the main panel. The main pictorial representa-
tions were on the central arched panel and on the 
inner sides of the shutters. The outer faces of the 
shutters and the rear of the main panel were pre-
pared with a gesso ground similar to that of the 
painted front sides, and were decorated with faux 
motifs. The construction is simple: these little al-
tarpieces were made of white poplar wood, and 
almost always consisted of a single vertical plank. 
Good quality wood was usually employed, and the 
placement of the boards very attentively carried out 
according to the thirteenth and fourteenth-century 
precepts as already described. The Florentine prac-
tice also included laying down cloth on the support 
for the purpose of absorbing eventual movements 
of the wood. The frame surrounding the painted 
surface was not an added element as it usually was 
on the formerly described panels, but was rather 
carved out of the inner face of the wood itself. The 
shutters, shaped with a triangular upper section, 
were designed to cover the main panel completely 
when closed, and were connected to its outer edges 
by means of two “hinge-hooks” which permitted 
their rotation until complete closure over the cen-
tral surface was achieved. An example of a work 
constructed this way is the Madonna Enthroned 
with Child, Angels and Saints painted by Jacopo 
Landi called Jacopo del Casentino around 1340, 
now in the Gallerie degli Uffizi.

As described in the section on carved-out panels, 
this structural category could be made with frames 
carved from the panel itself: an example is the Pi-
età with the Virgin and Saints by Vitale da Bologna. 
This painting, which dates from the mid-fourteenth 
century, is made of poplar wood and measures 60 
cm high by 38 cm wide. The support is composed 

sufficiently uniform in consistency, and are glued 
together edge to edge with calcium caseinate. The 
entire polyptych rests on a large predella, designed 
to also include the side pilasters thus completing 
the architectural structure.

As previously mentioned, the study of this 
polyptych has furnished important information 
about the original structural design; in fact, besides 
the lines drawn on the rear to delineate the areas 
intended for the battens, further traces on the front 
have been observed, which mark the spaces on the 
support destined to receive the actual painting, 
the arches, and the predella with its moldings 
and inscription. Careful examination of the wood 
structure and the preparatory layers has further 
revealed the presence of a rectangular opening in 
the lower central area of the main support; although 
this aperture has been filled in at a certain point, 
it was possible to determine its original closure 
with a door (Fig. 44). The X-radiograph confirmed 
this by revealing the presence of notched strips of 
wood fastened to each side of the reconstructed 
area, a detail compatible with a door frame. Further 
confirmation is offered by the traces of two hinges 
visible in one of the strips, originally placed for 
opening a door inwards, in the direction of the 
rear of the support. Furthermore, the original 
preparatory cloth laid down on the support also 
covers the joints of the vertical notched strips, 
thus constituting additional confirmation of the 
original presence of a movable part inserted into 
the structure.

Comparing the examination of these technical 
details with those emerging from former studies 
of the construction of panel paintings, it is appar-
ent that the work in question does actually repre-
sent the culmination of a phase. This regarded both 

44. Lorenze Monaco, Coronation of the Virgin, Gallerie degli 
Uffizi, Florence. Detail of the reconstruction of the original 
door.
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control function. Even when a crossbar system 
has been found, however, it has not been possible 
to determine whether the criteria followed for its 
placement is actually similar to those observed on 
squared supports. Identical size round paintings 
may in fact be furnished with either one or more 
battens to control the panel, or none at all.

On the other hand, the selection of the wood 
and its transformation into the final object 
certainly followed the same fundamental criteria 
as those for the paintings described previously. 
Sandro Botticelli’s Madonna with a Pomegranate 
(Gallerie degli Uffizi) is an example of such a tondo, 
with a poplar wood support 143 cm in diameter, 
and butt-joined boards 3.5 cm thick. While the 
panel has never had crossbars, the solidity of the 
original frame, still in place today, has contributed 
to control of wood warp and afforded protection to 
the edges of the support. Another work belonging 
to this type is the Adoration of the Magi by 
Domenico del Ghirlandaio (Gallerie degli Uffizi), 
whose support is 172 cm in diameter. This panel 
has been made according to the canons regulating 
good quality construction practiced towards the 
end of the fifteenth century; it has vertically placed 
boards, and is backed with one sliding dovetail 
crossbar set into a track shaped accordingly. 
Filippino Lippi’s Madonna and Child with Angels 
(Florence, Cassa di Risparmio), dated 1487, is 
another contemporaneous painting. Its poplar 
wood support with a diameter of 173 cm is formed 
of boards joined only by gluing together their 
edges.94 Another very important work of this type 
is Michelangelo’s Doni Tondo, with the Holy Family 
and the young St. John, whose panel is made of 
three main poplar wood boards to which another 
two smaller pieces have been added to each side 
to complete the round form. The painting is 120 
cm in diameter and is sustained on the rear by two 
dovetail-shaped battens in their correspondingly 
shaped tracks. The generally well selected boards 
are arranged vertically and butt-joined at the 
edges; the central one is wider than the other three, 
with the one on the left showing slightly curved 
grain near the edge. Several very porous growth 
rings may also be noted. Dovetail inserts reinforce 
the main joins, two above and two below. The 
slightly tapered batten bars are fitted into parallel 
tracks whose sides have been slanted to receive 
them, and which are situated at the same distance 
from the top and bottom margins of the round 
panel. The side used to receive the ground layers 
was very carefully smoothed, working horizontally 

of a single arched board, 3 cm thick, while the outer 
frame ornament, the cusped arch, and the columns 
together with their bases and capitals, are all carved 
directly out of the front of the wood support.

2.23. Birth tray (desco da parto)
The structure of this particular type of panel 

painting is basically quite simple, combining a 
board panel with frames on both sides around the 
support’s perimeter. Since the special function of 
these works usually required painting them front 
and back, no crossbar system was applied to keep 
the warp of the wood under control. The lack of this 
structural element was compensated by the circular 
or polygonal shape, however, as well as by the ob-
ject’s relatively limited overall dimensions, and the 
applied frames also contributed to sustaining the 
support. The basic structure was normally com-
posed of two or three boards, glued together with 
a butt join at the edges; the panels examined were 
of poplar wood boards, with their internal faces 
used for the principle painted surface, with no ulte-
rior connecting elements inserted internally. Rather 
small carved or round-edged frames were added 
to finish the support around the edges, so that the 
entire thickness of the support’s outer edge formed 
the external part of the frame, and was therefore 
often shaped to complete the frame molding to-
gether with the decorative parts placed on the front 
and back. Some of these works have also been pre-
pared using cloth. A few examples of this type of 
construction are the birth tray with a Nativity by 
Masaccio (Berlin, Gemäldegalerie), another that 
represents the so-called Gioco del civettino with 
Two nude children struggling and two coats-of-arms 
on the rear, painted by the artist known as Scheggia 
(Palazzo Davanzati in Florence), and the decagonal 
birth tray with a Last Judgment painted on the front 
(Horne Museum). The wood structure of the latter 
is formed of three poplar wood boards, butt-joined 
and sealed with casein glue. The outer edges are 
shaped into an “owl-beak” motif, while a wooden 
frame carved with plant motifs delimits the front 
edge, and a pastiglia molding encloses the painted 
surface on the rear.

2.24. Circular panel paintings
The construction of this type of circular 

painted panel differs in several ways from the 
others, especially regarding the crossbars, and 
to a lesser extent also the arrangement of the 
boards. Crossbars are not always present, with 
the frame itself sometimes assuming part of their 



Structural Conservation of Panel Paintings at the OPD in Florence: Method, Theory, and Practice

330

The need to refer to a variety of models there-
fore prompted development of adequate techni-
cal solutions able to respond to the new structural 
requirements. This implied a critical revision of 
past construction methods, and posed practical 
questions about the behavior of these objects and 
the recognition of the related problems. Wood-
workers and painters of the period were certainly 
aware of the limits intrinsic in the thirteenth- and 
fourteenth-century wooden structures, especially 
when the board structure reached particularly 
large dimensions, whether in the form of an arched 
panel or single panel polyptych. By the beginning 
of the fifteenth century, these works had undoubt-
edly shown problems of conservation caused by 
the strong bonds created by nailing the board 
structure and the crossbars together. Beyond cer-
tain limits, this rather rigid system was destined to 
condition the movements of the wood and cause 
stress, provoking warp and cracking of the support 
boards. Very large panel paintings were particu-
larly exposed to these risks, since they were unable 
to maintain enough elasticity among the various 
parts (support-battens), sufficient to withstand the 
dimensional variations of the wood caused by RH 
fluctuations and by the natural aging and modifica-
tion of the material over the centuries.

As already mentioned, certain innovations in 
panel painting format had already been hinted 
at in Lorenzo Monaco’s Coronation of the Virgin 
polyptych, which although it maintained the basic 
shape of an arched triptych, provided an ample, 
open, and unified pictorial space in the main part. 
The Gentile da Fabriano Adoration of the Magi 
from the Uffizi Gallery also has an ample picto-
rial space together with the Gothic forms of the 
pointed arches and the architectural structure, al-
though in this case the whole still remains within 
the canons of fifteenth-century perspective. Con-
ceptually, neither the Coronation of the Virgin nor 
the Adoration of the Magi were affected by the 
changes in construction then in course, still be-
ing anchored to the guidelines for the fourteenth-
century polyptych. Two quite similar paintings in-
stead evidence very important changes in format: 
the Coronation of the Virgin attributed to Bicci di 
Lorenzo from the Church of Santa Trinita in Flor-
ence, dated 1431, and the Madonna and Child 
Enthroned with Saints by Giovanni del Ponte 
from another Florentine church, San Salvatore al 
Monte, dated 1434. These altarpieces are arched in 
shape, almost as if to evoke a fourteenth-century 
panel painting and its old-fashioned type of wood 

but leaving almost no traces of the operation. The 
magnificent carved and gilt frame with decorative 
motifs and sculpted heads is a separate wooden 
entity placed on it to complete the work. Raphael’s 
Madonna della Seggiola also has a poplar wood 
support and two battens fitted in dovetail-shaped 
tracks.

The Bartolini Tondo painted by Filippo Lippi (c. 
1465–70) conserved in the Galleria Palatina in Flor-
ence is another example of a round tempera panel on 
wood, 135 cm in diameter. The rear of this work is 
coated with gesso, smoothed and painted with a coat 
of arms covering almost the entire surface, which 
might be related to a member of the Martelli family. 
Although larger than the Doni Tondo, this work had 
no crosspieces on the rear, and the painting on the 
front is not aligned with the axis of the boards.

2.25. Fifteenth-century Renaissance panel paintings
If we think of the end of the fourteenth and the 

beginning of the fifteenth century as moments of 
revolutionary cultural innovations, capable of pro-
ducing a profound effect on artistic activity in gen-
eral, we may be certain that wood construction for 
panel painting was not exempt from such changes. 
The recourse to models derived from classical an-
tiquity must not be thought of only as a search for 
sources of inspiration to imitate, but also as a con-
tribution to forming an actual historical awareness 
of past cultures. The search for innovative forms 
and new canons for painting lead to original ways 
to express spatial dimensions, which would even-
tually develop into the squared panel. These con-
cepts conditioned the fabrication of wood objects, 
resulting in an amplification of the board compo-
sition, and imposing significant structural modifi-
cations in response to the new requisites.

The format for the renewed Renaissance altar-
piece was essentially rectangular in shape, insert-
ed in an architectural structure which reflected 
the revival of classical orders. As already for the 
polyptych, this confirmed the very close relation-
ship between the art of painting and architecture, 
both in the format of the artwork and its correla-
tion to actual buildings. The two typologies treat-
ed here were in fact destined to stand on simple 
altar tables as self-supporting objects, and thus 
also served as their own architectural framework. 
Only with the introduction of the great altars built 
of stone or from the walls of the churches result-
ing from the renovations imposed by the Counter-
Reformation, will paintings themselves no longer 
play this important role.
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with plugs to avoid them coming into contact with 
the preparatory materials. We may recall that this 
is the same process used on the Cimabue Crucifix 
in the Museum of Santa Croce in Florence.

The turning point in Angelico’s works towards 
the new structural concepts may be distinguished 
in the altarpieces now in the museum of San Mar-
co: in the Annalena, Bosco ai Frati, and Montecar-
lo panels, dated between 1437 and 1440, in which 
we may perceive the great changes both in the 
format and in the application of the technique of 
support construction. These important mutations 
will be found subsequently in the works of such 
artists as Filippo Lippi, Domenico di Michelino, 
Neri di Bicci, Giovanni di Ser Giovanni called lo 
Scheggia, and later with Botticelli, Filippino Lippi 
and Zanobi Strozzi.

In Siena, the Madonna della Neve painted by 
Sassetta around 1430 exemplifies the develop-
ments taking place in forms and construction de-
vices. This painter’s acquaintance with Florentine 
art, coupled with his personal sensitivity to the 
cultural changes in progress, prompted him to de-
sign a formally complex work within an enormous 
pictorial space, taking advantage of “a method 
systematically adopted in Siena, using quite in-
trepid diagonals to suggest the spatial environ-
ment rather than measuring it out, evidencing this 
schematic representation through a profusion of 
matter.”95 In order to achieve the architectural de-
sign, the upper part of the panel is devised in the 
form of a triptych, characterized by the presence 
of cusps and arches and with carved and gilded 
frames enclosing the figures, thus still echoing 
the Gothic altarpiece. The wood construction is 
instead influenced by something else: the format 
is almost square and the system of structural re-
inforcement has been modified. The usual battens 
have been replaced in fact by a panel placed with 
the fibers running in the opposite direction, which 
covers the entire rear of the painting to which it is 
fastened with glue and nails clinched back into the 
support on the front, underneath the preparatory 
layers. The type of support construction found on 
the Madonna della Neve panel may well have been 
influenced, at least in part, by the nearby Maestà 
by Duccio, in fact both show the same criteria of 
structural reinforcement.

In the Siena area, Pienza is the place where 
such changes towards the concepts typical of the 
Renaissance may be noted, represented by the five 
“all’antica” panels painted by Matteo di Giovanni, 
Giovanni di Paolo, Sano di Pietro, and Lorenzo di 

construction: crossbars and wood moldings, su-
perimposed frames and predella base are all nailed 
to the support. The changes in construction are 
evident instead in the type of workmanship used 
for the lateral pilasters, whose form is different 
and which are enriched on the front and sides by 
the presence of a carved groove motif, with rab-
bets and relief parts alternating on the upper and 
lower portions. These pilasters take on the func-
tion of frame moldings surmounting the edges of 
the painting, and themselves sustain a series of 
frame elements along the upper edge whose shape 
is almost that of a tympanum.

In any case it will be at the end of the third de-
cade of the century that a decided change in panel 
painting format and size takes place, arising from 
the affirmation of a new Renaissance vision which 
will produce substantial technical mutations, as 
compared to the canons for construction typical 
of the preceding centuries. It will be the works of 
artists such as Fra Angelico, Filippo Lippi, Neri di 
Bicci, Domenico di Michelino and others, that will 
demonstrate conspicuous technical changes in 
wood construction. The diffusion of the new Re-
naissance taste among patrons and the adhesion of 
the artists to the new cultural climate determined 
a progressive affirmation of the new typologies.

Fra Angelico is certainly the painter who best 
represents these changes, reflected in the course of 
his activity: many are the works of his youth con-
structed according to fourteenth-century tech-
nical canons: for example, the triptych with the 
Madonna and Child and Trinity (Florence, Gal-
leria dell’Accademia) which may be dated between 
1420–1425; the triptych with Madonna and Child 
with Saints of 1428–30 (transformed in 1510 by 
Lorenzo di Credi); the Cortona Triptych; and the 
Deposition from Santa Trinita dated 1437–40, al-
though in this work the figures are contained with-
in a single continuous pictorial space. The Linaioli 
Tabernacle undoubtedly adopts fourteenth-cen-
tury techniques, with the central Madonna and 
saints panel solidly supported by a rigid structure 
fastened to the rear. The three horizontal and four 
vertical parts that compose this structure are par-
tially glued and nailed to the panel. A large splayed 
frame surrounds the painted area, including the 
round-arched upper part. The support on the 
rear has been nailed to the panel from the front, 
beneath the cloth under the ground, and the tips 
clinched back into the wood of the reinforcement. 
The heads of the nails have been beaten into the 
wood under the level of the surface and covered 
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construction, with battens and frames intimately 
connected to the support, during the fifteenth 
century the various elements underwent a pro-
gressive separation. The criteria used for attaching 
the crossbar system were also revised, giving rise 
to solutions better able to respond to the require-
ments of the support.

As previously mentioned, works by Fra 
Angelico (Fig. 45) such as the San Marco 
Altarpiece, or the Annalena and Bosco ai Frati 
panels, or again the Montecarlo Annunciation, 
give us an idea of the technical evolution taking 
place at this time in the ways to attach crossbars. 
Similar methods were adopted by Filippo Lippi for 
his Madonna and Child Enthroned in the Uffizi; 
and in the Santa Maria Nuova Altarpiece with 
the Madonna and Child with Saints (127 x 108 
cm) painted by Zanobi Strozzi probably in 1439, 
now in the Museum of San Marco in Florence.97 
Another example is the panel by Domenico di 
Michelino for the Madonna and Child Enthroned 
with Saints Anthony Abbot, John the Baptist, Roch, 
Peter Martyr, Margaret, and Mary Magdalene, 
in the Museum of the Cathedral of San Giovanni 
Valdarno, which may be dated 1446–50. These 
paintings were constructed with boards made of 
well-chosen poplar wood, arranged according to 
the usual dictates prescribing use of the inner face 
for preparation; their edges have been accurately 
trimmed and leveled before gluing (Fig. 46). 
Neither biscuit nor dowel inserts were placed 
inside the joints, since metal pins for mounting 
the battens substituted such elements. A precise 
plan for assembly existed from the start, of course, 
demonstrated by the presence of marks traced on 
the wood to assure that the pins would be lined up 
exactly, and to indicate where to open the housings 
on the rear of the support designed to become the 
points of anchorage. It must be emphasized that 
warp control was still exerted point by point and 
on the sides of the panels, although the method 
of mounting the crossbar system was based on 
inserting a cylindrical metal rod at the moment 
of assembly, into the thickness of the two boards 
in correspondence to their join (Figs. 47, 48). A 
flat piece of metal, hooked to this rod through 
an opening created on the rear of the support, 
was then passed through a rectangular-shaped 
opening in the batten during mounting; lastly, the 
entire assembly was blocked by wedging another 
iron element into a hole made expressly for this 
purpose in the end of the bar protruding from the 
batten (Fig. 49). A similar device has been found 

Pietro called Vecchietta. These works utilize two dif-
ferent experimental systems of wood warp control.

Among the artists in Urbino, Piero dell Franc-
esca and Giusto of Gand were the protagonists of 
this evolution in construction techniques.

The innovations in the entire method of con-
struction were radical: the format became rectan-
gular, framed in an architectural setting deriving 
from the classical models then being revived. While 
the structural components remained basically the 
same—support, crossbars, frame—what changed 
was the way in which the parts were connected. 
The support with its board assemblage was rein-
forced and its movements regulated by the applica-
tion of crossbars; however, rather than being nailed 
down, they were mounted using metal elements 
which permitted the wooden parts to maintain a 
minimum degree of expansion and contraction. 
The frame became an independent, load-bearing 
element (the frame on Piero della Francesca’s paint-
ing remains of the nailed-down type) into which the 
painting was fitted. At the same time, cloth began 
to be no longer used in the preparatory layers as an 
instrument to absorb the movements of the wood. 
The decades from 1440 to 1470–80 were rich in 
technical innovations, experienced by many paint-
ers and woodworkers as a fervid search for techno-
logical solutions, which could on the one hand live 
up to the new requirements, while simultaneously 
maintaining the functional qualities that a wood 
object must necessarily have.

2.26. Fifteenth-century altarpiece construction
The meaningful elements typical of fifteenth-

century constructions reflect a continuous search 
for new solutions to the problem of anchoring 
the crossbars to the wood panel, so that control 
of warp could be maintained while allowing a de-
gree of independent movement of the wood in 
the form of expansion and contraction. The new 
situation resulting from this also led to construct-
ing autonomous frames which did not have to be 
tightly fastened to the support.

Lesser care began to be taken in choosing the 
wood to make the panels, together with a change 
in the preparatory layers with the gradual discard-
ing of the cloth applied until then to buffer the 
movements of the wood.96 Protection of the rear 
of the support, previously done with layers of ges-
so grosso, or with minium or other materials, also 
practically disappeared.

While the panels dating from the preceding 
period follow the concept of a generally unified 
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secured by wedging an iron piece into the space 
remaining in the opening next to the bar.

A gold-ground painting dating from the same 
period, the Madonna and Child with Saints 
painted by Neri di Bicci for the Church of Santa 
Felicita, has a similar system of fastening the 
battens and support together. The mechanism 
relies on a T-shaped element, composed of a flat 

on a panel painting with the Madonna Enthroned 
and Four Saints from the Pieve di Romena, 
painted by a Florentine master of the mid-fifteenth 
century, during restoration in our Laboratory in 
1985. In this case, connection of the crossbars to 
the support was obtained by inserting metal rods 
into the wood from the front of the support, held 
fast inside by widening their heads in an opening 
made specifically for the purpose. The heads of 
these iron elements on the front side were plugged 
as a precaution with pieces of wood of the same 
species as the support, also set with their grain 
running in the same direction. The battens were 
mounted, inserting the metal elements emerging 
from the rear of the support, after having passed 
through a precisely made opening in the thickness 
of the boards, into rectangular openings in the 
battens themselves, then the entire assembly was 

45. Fra Angelico, San Marco Altarpiece. Note the ground and
paint layers extending out to the edges of the support, indicat-
ing that the frame was not fastened directly to the support as 
on fourteenth-century panels.

46. Fra Angelico, San Marco Altarpiece. The battens are placed 
at a certain distance from the edges of the support.

47. Fra Angelico, San Marco Altarpiece. Detail of the rear with 
an opening along the joint, made for the purpose of anchoring 
the metal bar to the pin inserted into the joint.

48. Fra Angelico, San Marco Altarpiece. Detail of rear with the 
device for hooking to the metal bar.

49. Fra Angelico, San Marco Altarpiece. Detail of the bar pro-
truding from the batten and its wedge fastener.
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In comparison to the nailed-down system, this 
seems to constitute a noticeable progress, having 
overcome the older method’s limitation of not 
permitting any operations to be carried out on the 
areas between the panel and the battens without 
first removing the crossbars definitively.

Research into the fifteenth-century techniques 
of construction has also helped to formulate an idea 
of the types of collaboration existing among various 
artists of the period. For example, similarities have 
been noted in the way Angelico, Filippo Lippi, 
Zanobi Strozzi and Domenico di Michelino have 
handled their wood structures: use of the same 
type of wood not only for the support, but also for 
the crossbars, together with similar methods for 
their fastening. On the other hand, other painters 
of this period adopted different systems although 
in order to achieve the same functions. It will be 
interesting to investigate whether the search for 
such mechanisms was actually performed by the 
wood craftsmen themselves in their workshops, 
or whether the influence of the painter was 
what determined the methods to use for panel 
construction.98 The evolution of these innovations 
lead gradually to substituting the mechanisms 
described above with another system, which 
employed metal cleats that formed “bridges” to 
hold the crossbars. The cleat consisted of a flat iron 
strip bent in such a way as to contain a square or 
rectangular crossbar; the battens were no longer 
positioned on the upper and lower edges of the 
panel, but displaced more towards the middle, 
slipped into the cleats which instead were nailed 
down to the support (Fig. 51). This method 
maintained close adherence of the crossbars to the 
rear of the support, while permitting the movement 
of the wood of the boards as they responded to 

piece with a metal bar protruding from its center 
in which a hole has been opened near its end (Fig. 
50). This device was inserted from the front of the 
support in a precisely bored hole before laying 
down the ground layers; coming out of the back of 
the support, it received the batten, which was then 
fastened by means of a metal wedge inserted into 
the opening.

Reflecting on these two systems of anchoring 
the battens to the support, we may notice certain 
differences. In the eventuality of swelling of the 
wood panel, the method adopted by Angelico, 
Filippino Lippi, Domenico di Michelino, and 
Zanobi Strozzi would be unable to keep the pin 
free to move horizontally within its housing in the 
batten. This was due to the friction arising between 
the parts, despite the fact that the device allowed 
for some oscillations in relation to swelling and 
contraction of the support. The concepts behind 
the second mechanism—present on the works by 
Neri di Bicci and the Romena Master—render it 
better able to assure good sliding properties for 
the support and batten system, however the risks 
in this case derive from the presence of the metal 
plate beneath the preparatory layers. The aging 
of the wood, or poor maintenance of the work 
(as in the case of the Romena panel), or again 
accidental damage (as suffered by Neri di Bicci’s 
painting) may cause these elements to mark the 
painted surface, or even actually come through it. 
Our positive evaluation of these new methods is 
based not only on the characteristic of permitting 
the panel and crossbars to move independently, 
but also because they greatly facilitate the removal 
and remounting of the crossbars which in turn 
favors intervention on the mechanisms, making 
it possible to substitute elements when necessary. 

50. Neri di Bicci, Santa Felicita and her Sons, previously in the 
Church of Santa Felicita. Detail of the metal rod emerging from 
the rear of the support to receive the batten, then blocked in 
position by inserting a wedge.

51. Sandro Botticelli, Primavera, Florence, Gallerie degli Uffizi. 
Detail of the metal cleats fixed to the support with nails, form-
ing bridges into which the crossbeam has been inserted.
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inclusion of cloth to absorb the wood’s move-
ments. The planks have been glued together 
with a butt-join using calcium caseinate. An X-
radiograph has revealed the presence of dowels 
in the joins inside the wood of the panel by Mat-
teo di Giovanni; it may be supposed, although it 
has not been possible to prove this, that dowels 
are also present in the joins of other works. The 
crossbars of all of these panels are made of chest-
nut wood, while the greatest difference among 
the various works dating from this period is in 
the type of crossbar system (Fig. 53). We may be-
gin our analysis of these objects with the panel 
by Sano di Pietro representing the Madonna and 
Child with Saints: its support is composed of 
five vertically placed poplar wood boards, with 
crossbars positioned towards the center of the 
rear rather than along the margins. The battens 
have a trapezoidal section; they jut out from the 
sides of the support to reach the lateral pilasters, 
and are held down in a track formed by pairs of 
wooden bars placed in a continuous line across 
the entire width of the support, with the excep-
tion of interruptions where the flats join. These 

climatic variations. This new system of securing 
the battens to the support also determined 
changes in the criteria for positioning the points 
of anchorage, which no longer needed to be placed 
near the outer edges of the boards since the cleats 
were more or less uniformly distributed across the 
panel. The wood structures used by lo Scheggia for 
the panel with a Madonna and Child in Glory with 
the Saints Lazarus, Martha, the Magdalene, and 
Sebastian from the Museo Civico in Fucecchio, 
and the triptych panel by Domenico di Michelino 
with the Saints Nicholas and Justus (Prato, church 
of San Giusto in Piazzanese), are further examples 
of these construction methods. During the second 
half of the century, Botticelli applied this technique 
to the Primavera panel,99 as did Filippino Lippi on 
the Coronation of the Virgin, and at least, in part, 
Leonardo da Vinci for the Adoration of the Magi in 
the Gallerie degli Uffizi.

2.27. Several examples of panels made in the area 
of Siena

The most important moment of innovation in 
panel painting in the area around Siena took place 
in the early 1470s, precisely during the decoration 
of the Pienza Cathedral. As already mentioned, 
four important painters from Siena were commis-
sioned to furnish the altars of the Duomo with five 
altarpieces. The Renaissance format of each of these 
panel paintings makes the idea plausible that they 
were all part of a single project designed by the Ca-
thedral architect himself, Rossellino (Fig. 52). This 
may be deduced from the technical characteristics 
behind the “tabernacle” frames, and from the rep-
etition of the architectural style in both the struc-
tures themselves and their carved ornamentation. 
The elements which make up the complete frame 
structures are: the predella in the form of a pedes-
tal, the fluted pilasters, the architrave on which the 
tympanum rests connected to the pilasters.100

Certainly more than one workshop was en-
gaged in panel making, taking into account the 
structural differences evident among the various 
pieces. While the carved motifs and the moldings 
of the architecture containing the painted works 
may be similar, the systems used to control the 
board structures differ even quite radically.

The poplar wood panels have been made ac-
cording to all the previously described construc-
tion rules: choice of material, board finishing to 
eliminate any remnant sapwood, adjustment of 
the edges of the boards before their uniting, their 
correct orientation in relation to the ground, 

52. Sano di Pietro, Madonna and Child with Saints, Pienza, 
Duomo. The complete work of art including the original frame 
in the form of a tabernacle.
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bars complete the crossbeams, with each section 
fixed to the support by two nails placed in prox-
imity to the margins of the relative boards. What 
intention the woodworker really had is not en-
tirely clear, since on the one hand he conceived 
a sliding batten, and on the other created a fixed 
bond system by nailing down the two horizontal 
bars to contain it. The woodworker must have 
realized that something was changing in the 
way support and control of the panel structure 
could be achieved, but his knowledge was still 
too limited to permit him to fully understand 
the concepts behind the new mechanisms. The 
work by Vecchietta with the Assumption of the 
Virgin and the Saints Agatha, Pius I, Callixtus, 
and Catherine of Siena, also displays a similar 
system: the trapezoidal shaped batten crosses 
the entire width of the panel including the lat-
eral pilasters, while the wooden rails forming the 
track are divided into three sections correspond-
ing to the painted front of each panel, thus mak-
ing it possible to divide the work into its different 
parts by removing the crossbar (Fig. 54). Instead, 

the two paintings with the Madonna and Child 
with Saints by Giovanni di Paolo and Matteo di 
Giovanni show a very modern system, practi-
cally the most advanced from various points of 
view among the works examined dating from 
this period, indicating what the future techni-
cal choices would be: the crossbeams are slipped 
through a series of wooden cleats, three for each 
batten, fixed to the support with cheese glue 
and nails. Without going into excessive detail in 
evaluating this particular technique, especially 
regarding the number of connecting elements 
used, it may be affirmed that this type of board 
control constitutes an important technical in-
novation, despite the fact that it is still a point 
by point method. In fact, its simple yet efficient 
functioning lets the wood move, thus avoiding 
the introduction of dangerous stress factors. The 
criteria behind this method of applying cross-
bars will be followed on most of the panel paint-
ings made in the Siena area from the second half 
of the fifteenth through the first half of the six-
teenth century.

53. Sano di Pietro, Madonna and Child with Saints, Pienza, 
Duomo. Detail of the crossbeam inserted into a track formed 
of two wooden bars nailed down cross-grain to the fibers of the 
support.

54. Giovanni di Paolo, Madonna and Child with Saints. Pienza, 
Duomo. Detail of the crossbeam system with the batten insert-
ed into wooden cleats forming a series of bridges.
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placed at the panel’s outer margins. Analysis of 
the these rings and their arrangement lead us to 
hypothesize that their only function must have 
been that of being part of the mechanism created 
by the woodworkers to achieve an elastic check 
of warp, in other words the rings were meant to 
provide anchorage for the battens. Similar criteria 
for fastening the crossbeams to the support were 
also at least partially realized on the constructions 
described in the former chapters, on the panels 
by Angelico, Filippo Lippi, and the other painters 
cited above.

Continuing our research into the constructions 
of painting supports, we have found confirmation 
of our hypothesis in the Giusto of Gand panels in 
the National Gallery in London: although their 
crosspieces no longer exist, several rings are still 
present with metal pins attached to them. The 
length and the presence of a slot in these pins 
must have been connected to the function of hold-
ing crossbars to the support, blocked by means of 
a wedge inserted into the opening in the metal 
piece. The panels representing Famous Men (Paris, 
Louvre), originally part of the Studiolo of Federico 
di Montefeltro at Urbino, are made with a wood 
strip inserted into the joints between the boards, 
and a method of connecting the battens similar 

2.28. The San Bernardino of Siena Altarpiece by 
Piero della Francesca

The San Bernardino of Siena Altarpiece by 
Piero della Francesca (Milan, Pinacoteca di Brera) 
is without doubt one of the most representative 
works of art produced by Renaissance culture in 
Italy (Fig. 55). Beyond the refined painting tech-
nique that characterizes this work, the painting 
made in the city of Urbino between 1472 and 1474 
also constitutes an important example of this envi-
ronment’s woodworking techniques and the criti-
cal approach to the application of the crossbar sys-
tem. The structure has been recently the subject of 
particularly in-depth study,101 especially regarding 
the support construction.

Our examination of the artwork has revealed 
that the support is composed of nine poplar wood 
planks, free of any significant defects such as knots 
or other anomalies; of generally homogeneous 
consistency, they have been placed horizontally as 
is usual for this geographical area. The turning of 
the “inner” faces of the boards towards the pre-
paratory layers follows the usual rules governing 
panel painting.102 The boards are medium size in 
width, with the exception of the two somewhat 
wider lower ones,103 and are 3 cm thick. The ana-
tomical cut is generally sub-tangential. It has been 
hypothesized that the frame of this painting was 
originally nailed to the front of the support.

The procedure used to assemble the support 
included as usual the perfect rectification of the 
edges of the boards to join. To reinforce the joints, 
a channel was carved into the edges of the support 
boards, wide a third of their thickness and about 2 
centimeters deep, into which strips of wood were 
placed,104 and in which three slots were bored on 
each side of the join. Into these, cylindrical iron 
rods in the shape of a capital letter Omega “Ώ” 
were inserted; these elements were designed and 
dimensioned so that the part forming the ring 
emerged from the wood along the line of the hori-
zontal joins (Figs. 56, 57). The Omega-shaped iron 
pieces were distributed in three perfectly aligned 
rows: one at the center of the panel and the other 
two 13 cm from its outer edges. Presently, sup-
port and warp control are afforded by two fir 
wood crossbars slipped into a track with a dove-
tail section carved out of the wood of the carrier. 
Our observation of the painting has revealed that 
the perimeter where the frame was attached has 
been partly reduced and therefore lost; while this 
operation did not interfere with the painted sur-
face, it has resulted in the loss of the small rings 

55. Piero della Francesca, Brera Altarpiece, Milan, Accademia 
di Brera.
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to the one described above. The technique of re-
inforcing the joints by inserting a strip of wood 
into the boards from their edges was certainly 
an efficient way to increase the solidity of the as-
sembly, however not to the point of guaranteeing 
sufficient general strength of such large paintings 
especially when composed of horizontally placed 
boards. The type of bond created between support 
and crossbar by means of rings and pins is cer-
tainly quite functional and also provides structural 
reinforcement, besides allowing sufficient move-
ment of the panel in relation to the crossbars, thus 
improving the work’s general stability.

The analysis carried out on the structures of 
this period permits us to conclude that the criteria 
adopted to achieve control of the board assembly 
foresaw exerting it near the joined edges, without 
involving the central areas of the boards. Giusto 
of Gand’s painting depicting Rhetoric is an excep-
tion to this, since its anchorage points have been 
inserted into an opening carved in the front face 
before laying down the preparatory and paint lay-
ers, without taking into account the divisions of 
the boards forming the panel but rather distribut-
ing them uniformly over the entire space.

2.29. Sixteenth-century panel paintings
The main technical features of sixteenth-cen-

tury altarpiece construction may be outlined, al-
though somewhat generically, as follows: thinner 
board structures in proportion to the dimensions 
of the panels; less attention to the choice of the 
wood; and adoption of a new system of structural 
reinforcement. There was an increased tendency 
to construct structurally independent frames, 
made to enclose the painting both on the front 
and sides; over time, however, frames gradually 
lost their structural functions due to the advent of 
new forms of monumental altars.

The techniques of support construction, and 
the types of wood, and the criteria for selecting 
it continued to follow those of the preceding cen-
tury, together with the methods for assembling the 
boards using their inner face as the side to pre-
pare for painting.105 Biscuits prevailed over dowels 
inside the joints; they were made of hard wood106 
and were not glued in, penetrating into the board 
edges about 4–5 cm and fixed with one or two 
passing pins. The glue employed was generally cal-
cium caseinate, which permitted a longer working 
time than carpenter’s glue.

The preparatory layers were simplified, elimi-
nating the layer of cloth, although in the case of 

56. Piero della Francesca, Brera Altarpiece, Milan, Accademia 
di Brera. Small ring protruding from the rear of the panel.

57. Piero della Francesca, Brera Altarpiece, Milan, Accademia 
di Brera. Detail of the rabbet inside the joint uniting the boards, 
and the anchorage of the iron piece in the shape of a capital 
omega designed to hold the pin for securing the battens.
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is the wood support boards rather than the battens 
which are actually allowed to move. The procedure 
for mounting the crossbars entailed the carving 
of a track with a trapezoidal section (commonly 
called a “dovetail” mortise) in the wood of the 
support, to a depth of about a third of its thickness; 
the sloped inner edges of this seat converge 
upwards towards the surface, while the width of 
the track tapers from one end to the other. Once 
the track was ready, the crossbar was fashioned 
to exactly replicate the shape of the seat and thus 
occlude it completely. The battens were fitted into 
the wood track, about 10–20 cm from each side of 
the support. Furthermore, in order to increase the 
strength of the oblique mortise walls and prevent 
them from breaking under the pressure exerted 
by the bar, the battens were devised with the part 
inserted into the housing in the form of a double 
dovetail tenon, thus making them able to achieve 
firm anchorage in the seat, while also protecting 
and strengthening the upper edges of the mortise 
opening. This crossbar system, thanks to the type 
of joint together with the tapering width of the 
batten from one extremity to the other, permitted 
the crossbar to be pushed in until good adhesion 
of its entire extension was achieved; this system 
also allowed successive adjustments to be made. 
Analyzing the criteria behind this type of batten 
system, factors such as the friction created between 
the parts composing the crossbeam-support 
union, and the forceful method of insertion 
make it evident that the intention was to obtain 
maximum restraint over the movements of the 
wood. Placing the crossbars tapering in opposite 
directions also contributed to achieving this goal, 
by acting as an element designed to contrast warp 
across the entire width of the panel, while leaving a 
certain margin for the support to move in the case 
of tensions arising in the material, superior to the 
force exerted by the crossbars. All of these details 
present in the sixteenth-century methods strive 
in a new way, through a method which has done 
away with fixed bonds between the support and 
its crossbars, not only to achieve control of warp, 
but also to regulate the movement of the wood 
itself. Comparing the systems practiced during 
this period and the fourteenth century, we may 
see that in reality both methods aimed at reducing 
movement and warp of the boards to a minimum, 
although the means for achieving this were 
totally different. Several practical and technical 
considerations may be advanced about this type 
of batten system: a certain difficulty in making the 

particularly carefully made works dating from the 
early years of the century, it is still possible to find 
strips of cloth over the joints or covering eventual 
defects in the wood. Rather than following the 
precepts described by Cennino Cennini, prepa-
ration of the panel was frequently influenced by 
the personality of the single artist. Only one or 
two very thin layers of gypsum and glue ground 
were often applied, and depending on the specific 
case, also a glue primer over the ground to make 
it less absorbant, and over this a colored back-
ground which could vary in the different areas. 
On many panels, even very large ones, hemp fi-
bers (tow) were applied in place of cloth in strips 
over the board joints,107 incorporating the material 
into the ground mixture with the plant fibers ar-
ranged opposite to the grain of the wood,108 in or-
der to reduce the repercussion of the joints on the 
painted surface. Especially for this period’s very 
large structures, episodes of boards being added 
to increase the height of the panel were frequent, 
as was repair of knots or other defects through ap-
plication of plugs and fillers.

As already mentioned, the adoption of a cross-
beam system which foresaw inserting dovetail-
shape battens into housings on the support, may 
be considered the single most characteristic tech-
nical aspect of the period. The constant striving for 
the correct structural functioning of the crossbar 
system continued for centuries, trying to achieve 
ever better control of wood warp, as we have al-
ready seen. The new method was the acme and 
conclusion of this search for the most advanced 
functioning. The earliest evidence of the use of 
this new technique may be identified around the 
last two decades of the preceding century.

The criteria previously adopted for applying 
the crossbars to the panel, which entailed point-
by-point anchorage placed near the edges of the 
single boards, changed radically with this new 
system. In the new method, a continuous track 
opened across the entire width of the support sur-
face made it possible to obtain uninterrupted con-
nection of the batten to the support. The new con-
cept differed from the earlier systems, in that the 
central portion of the single boards was no lon-
ger left partially free from direct attachment, and 
therefore subject to the forces of stress eventually 
present as a consequence of RH fluctuations, but 
rather systematic control of the entire support 
surface was assured.109

This crossbeam system is commonly referred 
to as sliding, although the term is improper since it 
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ly resorted to the other technique characterized 
by battens held by cleats. The three panels con-
stituting Domenico Beccafumi’s Trinity Triptych 
of 1513 were constructed with rare perfection in 
the choice of wood and finding the correct pro-
portions between size of the painting and board 
thickness, thus obtaining optimum planarity and 
stability for the wooden object and its paint layers. 
The three poplar wood panels were supported on 
the rear by two chestnut wood battens, perfectly 
introduced in trapezoidal mortise tracks about a 
third of the support in depth. The rear of the three 
panels was trued, and a slightly lowered portion 
along the perimeter was prepared to receive the 
bolts for fixing the structure to the framework. 
Lastly, an abundant coat of gesso grosso and glue 
was laid down on the rear. The three parts were 
mounted within a structurally supporting archi-
tectural composition. The use of the triptych for-
mat for sixteenth-century forms and style recalls 
one of the criteria of construction of the polyp-
tych in the late-fourteenth century. Beccafumi will 
later alternate this construction technique, based 
on inserted dovetail crossbars, with the other 
mechanism using cleats. Other painters from Si-
ena constructed their panels according to similar 
criteria, alternating the methods adopted, up till 
the middle of the sixteenth century.

One anomalous construction for a paint-
ing by Domenico Beccafumi was the Coronation 
of the Virgin from the church of Santo Spirito in 
Siena, painted in 1540 for the Camaldolese Mon-
astery outside Porta Romana. The original pop-
lar wood structure made with battens passing 

58. Detail of the crossbeam system on the Coronation of the Virgin by Botticelli. This method for inserting the crossbars into the 
board thickness was applied to many sixteenth-century works..

panel-mortise and crossbar-tenon elements, in 
comparison to the former methods; and the need 
to accurately seek the correct proportions between 
the thickness of the support boards and the depth 
of the mortise in order to avoid weakening the 
longitudinal strength of the panel.

This new type of support and warp-control 
crossbar system may be found on such an impor-
tant work as Botticelli’s Coronation of the Virgin 
from the Uffizi, made in 1490 for the St. Eligius 
Chapel in the Florentine Church of San Marco 
(Fig. 58). This round-arched painting made of 
poplar wood measures 257.5 cm wide by 378 cm 
in height, and is composed of seven vertically 
placed planks. The woodwork, assembly, and ar-
rangement of the boards is similar to that already 
described in the previous chapters.110 Three fir 
tree battens were mounted on the rear with the 
above-described method for warp control.111 The 
tapering upper and lower bars were inserted in the 
same direction, opposite to that of the central bat-
ten. Considering the size of the work, the support 
appears rather fragile, because of the relatively 
thin board structure, and the number, dimensions, 
and type of crossbars. This panel was certainly 
originally designed to be inserted in a monumen-
tal frame, having an aesthetic function, but also 
affording structural reinforcement and protection 
against atmospheric agents.

This crossbar system was also employed for 
numerous important works produced in Siena in 
the early sixteenth century, although throughout 
the entire first half of the century, the same paint-
ers who were responsible for these often frequent-
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Domenico Beccafumi, Girolamo del Pacchia, and 
Bernardino Fungai generally concord in finding a 
quite good choice of wood (with the exception of 
the previously described painting), and noticeable 
structural solidity, thanks to the ample thickness 
of the boards and their good workmanship.

Two panels, made in Florence around the mid-
dle of the sixteenth century and both now under 
restoration in our Laboratory, demonstrate partic-
ularly interesting structural features: these are the 
Descent of Christ into Limbo by Bronzino and the 
Deposition from the Cross by Salviati, both from the 
Museum of Santa Croce in Florence (Fig. 59).113

The first, by Bronzino, is round-arched in shape 
and measures 439.5 cm in height and 292 cm in 
width. The panel is composed of seven median sub-
radial cut boards of poplar wood. The special fea-
ture of this support lies in the fact that each single 
board has been obtained by uniting two separate 
planks head to head with a half-lap joint to form the 
entire length (Fig. 60). This was definitely the result 
of the difficulty of finding sufficiently long boards of 
good quality, centrally cut and free of defects, uni-

through cleats was constructed in two different 
moments: the upper portion was made first, and 
for unknown reasons another part was later added 
to the lower part. This becomes evident from the 
way in which the two parts of the support were 
connected: in fact, there is a continuous half-lap 
joint uniting them along the entire length of the 
boards. If the increase in height had been fore-
seen from the beginning, it would have been more 
reasonable to lengthen each board singly, thus ob-
taining greater stability by avoiding that the entire 
length of the joint was all along the same line. This 
idea is confirmed by the fact that on the upper 
part of the support, the wood and method of as-
sembly reflect the criteria typical for this type of 
construction, while on the lower part they seem 
more haphazardly applied. The preparatory lay-
ers also appear thicker in the X-radiograph of the 
lower part, which indicates that this phase of work 
had already been completed on the upper part at 
the moment of the panel’s increase in size.112 The 
observations based on the study carried out on 
various works by Francesco di Giorgio Martini, 

59. Bronzino, Descent of Christ to Limbo, Florence, Museum of 
Santa Croce. The work was faced with tissue paper to protect it 
after damage from the flood of 1966.

60. Bronzino, Descent of Christ to Limbo, Florence, Museum of 
Santa Croce, Florence. Rear of the panel with the longitudinal 
joints in the boards visible. The lengthening of the boards has 
been executed piecing the sections together at different heights 
with half-lap joints.
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has been applied to separate the ground from a fur-
ther oil-based priming.

The panel by Salviati is also round-arched, with 
dimensions and various technical features of its 
construction which faithfully replicate those on 
Bronzino’s work. The boards in this case have not 
been doubled in length, however, and in order to 
reach the notable size required, choice of the wood 
was left somewhat to be desired; although they are 
mostly rather centrally cut, the boards in fact con-
tain evident defects incompatible with their desti-
nation. Therefore in order to repair a great number 
of very large knots and other defects in the boards, 
recourse to substantial sized plugs going through 
the entire thickness of the support was necessary. 
These plugs were made in two pieces, one inserted 
into the wood on the front of the support, and an-
other larger part inserted from the rear, both with 
grain running in the same direction as the panel. 
This technique aimed at providing good anchorage 
of the plugs to the wood of the boards, but at the 
same time also a stable surface for the preparatory 
layers. This method permitted the plugs to be more 
solidly attached to the boards with glue and nails.

2.30. A special type of sixteenth century construction
A special sort of wood structure known as 

the cataletto, used in the sixteenth century by the 
Misericordia Companies as a funeral bier, had 
two head boards often elaborately decorated with 
molded frames and gilded carvings. A panel pre-
pared with gypsum and glue and painted on both 
sides was often inserted into the U-shaped open-
ing framed by the architectural elements. Exam-
ples of similar works, still intact, may be found in 
the Confraternita della Misericordia in Siena, and 
in the Church of the Collegiata at Casole d’Elsa. 
Four little panels by Beccafumi, representing the 
Madonna and Child, St. Anthony Abbot, a Deposed 
Christ with two Angels, and another St. Anthony 
Abbot, now in the Misericordia of Siena, were 
originally made for the Cataletto della Compagnia 
di Sant’Antonio. Research carried out in the early 
1990s has shown that these panels formed the two 
head boards of a cataletto, each one a single poplar 
wood board painted on both sides, inserted into a 
channel in the inner edge of the framework.

2.31. Flemish panel paintings
In northern Europe, the choice of wood and the 

techniques of panel construction of Flemish paint-
ers were certainly conditioned by the woodwork-
ing traditions, and by the regulations put forth by 

form in fiber density and straightness of grain. The 
head ends of the boards have been cut at an angle 
of about 45°, thus creating a double rabbet which 
guaranteed greater solidity along their longitudinal 
joints (Fig. 61). The flat part of each joint has been 
reinforced by the insertion of six pins. The support 
boards thus constructed were then arranged ac-
cording to the usual rules,114 and assembled by glu-
ing them edge to edge with calcium caseinate, with 
the aid of four biscuits inserted into each joint and 
fixed on each side by wooden pins passing through 
the thickness of the boards. Another feature of this 
support visible on the lower part of the painting 
is the presence of a dovetail element inserted into 
the front of the wood support across each joint. 
These were made of walnut wood and were glued 
into their housings with carpenter’s glue, then fur-
ther fixed with pins passing through the support 
thickness. Three fir wood crossbars were placed 
on the rear for wood warp control.115 Hemp fibers 
were glued along the lines of the joints uniting the 
boards, to prevent them from marking onto the 
painted surface. The thin gesso and glue ground 
was laid down in two coats; over this, a layer of glue 

61. Bronzino, Descent of Christ to Limbo, Florence, Museum of 
Santa Croce. Drawing illustrating the half-lap joint made slant-
ing the heads of the boards.
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remained. As already mentioned, these supports 
did not receive crossbars for support purposes and 
control of wood warp, since the frame carried out 
such functions. A channel opened in the edges of 
the frame or a rebate around its edges were spe-
cifically designed to receive part of the panel’s pe-
rimeter, however leaving a certain margin for the 
wood to move. If the frame were of the channel 
type, the support would have to be inserted into 
the frame at the moment of its mounting, while 
frames with a rebate also permitted uniting the 
two components at different moments. Larger 
paintings would have frames made of two pieces: 
one designed to be the panel’s support structure 
with its main side facing forward, and with an area 
notched into the surface on the rear to receive the 
other frame piece, designed instead to enclose the 
work and complete the construction and shape 
of the frame itself. Exceptions to this were sev-
eral very large paintings with battens inserted into 
dovetail tracks.

Although the supports of Flemish paintings 
were already quite thin in proportion to the di-
mensions of the panels, it was still necessary to 
reduce the thickness of the edges of the board 
supports around their margins as much as pos-
sible to receive the frame pieces. For this purpose, 
the support was thinned down around the rear 
perimeter beveling the edges outwards. Panels 
painted on both sides represented an exception 
to this. The evaluation of the aesthetic qualities of 
this sort of system and its efficiency in controlling 
warp cannot be anything but positive; the panel is 
held flat without having to use either nails or other 
constricting components for construction. This 
structural concept was originally applied to panel 
paintings both small and large in size, whether 
composed of a single panel or in the form of a trip-
tych.

Regarding the special design and function of 
the chamfered edge on the rear of Flemish panels, 
various hypotheses besides the one provided here 
have been formulated: we believe that our expla-
nation may be the correct one, since it appears co-
herent with the type of object. Furthermore, such 
a technique is a common part of the procedures 
used in carpentry and marquetry for mounting 
panels inside various structures, including antique 
furniture. An example of this type of construc-
tion may be observed on the Portinari Triptych in 
the Gallerie degli Uffizi, painted by Hugo van der 
Goes in Bruges in 1470, and brought to Florence 
in 1483. The work is composed of three separate 

the guilds. Certain species of wood were deemed 
lacking in consistency and longevity, and were 
therefore banned from use in these areas. Various 
factors favored the spread of oak tree wood, in-
stead, for use as a building material and for making 
artworks: the territorial availability of this species, 
either indigenous or imported; the recognized 
qualities and durability of this material, known for 
its resistance to certain adverse climate conditions 
and to wood-boring insect attacks, and the ease 
with which it can be worked. Observation of the 
objects reveals basically uniform criteria adopted 
for their construction over the centuries, thought 
to be the consequence of the perseverance of cer-
tain traditional techniques and materials imposed 
by the single guilds.116

Although our experience in this sector is based 
on a limited number of cases that we have had the 
opportunity to study, either during restoration or 
because they are present in the Florentine Galler-
ies or in other museums, several observations may 
be advanced at least regarding the criteria which 
guided the construction of the works.

Their typical structural characteristics may be 
summed up as follows: a careful choice of the type 
and quality of the wood; usually a reduced board 
thickness in comparison to that of paintings made 
of other woody species; a system of control which 
functioned relying on the frame rather than on 
crossbars attached to the support.117 The paint-
ing panels were made of oak wood boards, usually 
cut radially and from which the sapwood part had 
been carefully eliminated. Radial boards were gen-
erally found on the paintings examined, and were 
often not very wide; this led us to conclude that 
the tree trunk must have been quarter sawn to ob-
tain this type of longitudinal cut.

The best face of the boards was the side used 
for the ground and paint, and when the board was 
not perfectly radial, this meant using the “inner” 
face in relation to the center of the tree trunk.118 
Supports formed of more than one plank were 
usually butt-joined, and despite their quite re-
duced thickness, this was accompanied by placing 
dowels or biscuits within them. The biscuits were 
inserted into their seats as usual without gluing, 
fixing them near the margins with pins passing 
completely through the support wood. After hav-
ing glued the support together (with carpenter’s 
glue), the side meant to receive the ground was ac-
curately planed, while on the rear, visible traces of 
the saw used for cutting, or tool marks from work-
ing with a curved or straight-edged adze often 
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ness, dowels are present inside the joints. The rear 
shows tool marks from using a straight-edged 
adze, while the edges have been thinned down to 
further reduce the thickness of the margins of the 
support boards.

Other examples of Flemish paintings recently 
treated at the Opificio are those formed of a single 
board, showing the typical thinning down of the 
perimeter on the rear: the small panel paintings 
belonging to the series of the Seven Wonders of the 
World by Bernard van Rantwyck (Florence, storage 
deposits) dating from the 17th century, and three 
small panels by Met de Bles, Christ and St. Peter 
Walking on the Water, The Good Samaritan, and 
The Levite and the Priest on the Voyage to Jericho 
(Naples, Galleria di Capodimonte). Another 
interesting example is the panel representing 
a Deposition of Christ, a subject frequently 
encountered in the Low Countries. This work by a 
sixteenth century Flemish artist shows the Christ 
figure in the center with the Virgin, St. John and 
Nicodemus, and demonstrates all of the features 
typical of this school of painting. It measures 92 
x 66.5 cm with the frame, the support is 7–11 
mm thick with the chamfered edges reduced to 
6–4 mm. The support is made of oak wood, with 
three straight-grained, radial-cut boards arranged 

panels, the main painted part and two closeable 
doors; its overall measurements are 586 cm in 
length and 253 in height. The main panel com-
prises 10 boards, while the lateral panels are each 
formed of 5 boards, all vertically placed and made 
of excellently selected oak wood. The cuts of the 
wood are mainly central, while the joints have four 
biscuits each, fixed with pairs of pins. The sup-
port has not been covered with cloth. Given the 
breadth of the main panel (340 cm wide), a batten 
was inserted into a dovetail track in the center of 
its rear. Both the main and lateral panels are paint-
ed on both sides, and are inserted into a channel 
in the frame structure. The frame is composed of 
two elements: one for the front of the panel, with 
the channel to hold it carved into the inner edges; 
the other which closes the construction on the 
rear to hold the painting in place. Although the 
frame now on the work is not the original one 
(the triptych was dismantled in 1567), it repeats 
the original structural features. Another example 
of such rigorous construction is a work by Anto-
nio Noro, Portrait of a Woman Painter from the 
Galleria Palatina (Inv. 1890 n. 1841). Its oak wood 
support measures 88 x 64 and is 1 cm thick, and 
is composed of three vertically placed, perfectly 
radial-cut boards. Despite the very limited thick-

62. Deposition of Christ from the Cross, Flemish school of the 
16th century. The painting with its original frame, during res-
toration.

63. Deposition of Christ from the Cross, Flemish school of the 
16th century, reverse. The edges of the painting are fitted into 
the thickness of the original frame.
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warp. We do not know today exactly how such an 
“original” frame might have been made; however 
the traces on the unpainted edges of the panel 
and the different chromatic appearance about 1.2 
cm wide on the rear perimeter may derive from 
insertion into a frame, wooden paneling, or other 
sort of domestic furnishing.

Raphael also painted numerous portraits using 
this technique: the Maddalena and Agnolo Doni 
portraits in the Florentine Galleria Palatina, 65 x 
45.8 cm, are prepared on the rear with gesso and 
decorated with a monochrome design; also the 
work known as the Gravida, 66.8 x 52.7 x 1.2 cm 
thick, from the same museum, whose rear is only 
covered with gesso; and the Portrait of a Young 
Lady (La Muta), 65 x 48 x 1.3 cm, from the Gal-
leria Nazionale delle Marche, whose rear has been 
covered with a thick layer of wax, probably in the 
nineteenth century.

vertically and butt-joined. The frame is original, 
although it has been the object of past restoration 
with application of new gesso and repainting with 
light-colored tempera which covers the original 
painted surface. The frame still retains the original 
structural features, that is the joins, moldings, and 
border designed to receive the panel.

One of the main characteristics of Flemish 
structures is the absence of crossbars, whose 
function is assumed by the frame, in two ways, 
aesthetic and supporting (Figs. 62, 63). This type 
of solution is not limited to Flemish paintings, 
however, and may be found on various Italian 
panels of the period between the fifteenth and 
sixteenth centuries. The Trivulzio Portrait and 
other works by Antonello da Messina undoubtedly 
foresaw the containment of the small, thin poplar 
wood support in a structure around the perimeter 
that enclosed both sides to protect it from eventual 



Structural Conservation of Panel Paintings at the OPD in Florence: Method, Theory, and Practice

346

1 Research was also done during treatment 
on single works, for example on Lorenzo 
Monaco’s Coronation of the Virgin altarpiece 
from the Gallerie degli Uffizi: besides new 
documents dated 1867, a further piece of evi-
dence was found hidden under a batten dur-
ing work on the support, a paper signed by 
Tenagli, who identifies himself as a carpenter.
2 Seasoning is fundamental to prepare 
wood for transformation into an object; basi-
cally it consists in exposing the wood to at-
mospheric conditions over various seasonal 
cycles, for the purpose of making the wood 
achieve a balance with the environmental RH, 
which also contributes to increasing the mate-
rial’s stability.
3 The pith of the tree trunk has poor con-
sistency and is subject to rapid deterioration.
4 G. Giordano, Tecnologia del legno, Tu-
rin 1981. The basic anatomical sections are: 
the transversal section perpendicular to the 
tree stem axis, which in a standing tree is 
horizontal; the radial section, outward along a 
radius from the pith axis of the trunk; the tan-
gential section, which passes through a secant 
of the transversal section parallel to the axis. 
L. Uzielli’s further clarifies these characteris-
tics in his contribution in Dipinti su tavola.
5 M. Parri, “‘Lavorare in tavola, o vero an-
cone’: le strutture lignee delle tavole d’altare 
tra Trecento e Quattrocento in Toscana,” in 
Masaccio e Masolino. Dalla tecnica allo stile. 
Conference proceedings (Florence, May 24, 
San Giovanni Valdarno, May 25, 2002), ed. by 
Opificio delle Pietre Dure, coordinated by C. 
Frosinini, Milan 2004, pp. 183–198.
6 A. de Marchi, La pala d’altare, Dal 
politico alla pala quadrata, Lezione 15. Dis-
egno ed intaglio: la progettualità dei pittori tra 
committenti e legnaioli, i compensi, Florence 
2012, pp. 253–255.
7 Biscuit and dowel inserts are very seldom 
found together in the same object.
8 While it was usual to block the biscuits 
placed internally by passing pins through 
them front to back, the same was not done for 
dowels put in the joins because of their shape 
and size. However, Vasari’s Last Supper from 
the Museum of Santa Croce, in restoration 
at the Opificio, is an exception to this, in fact 
pins have been inserted through the wood to 
block the dowels that join the five panels.
9 “Il support ligneo: tecnica di costruzione, 
stato di conservazione e intervento di restau-
ro,” in L’Officina di Giotto: Il restauro della 
Croce di Ognissanti, ed. Marco Ciatti, Flor-
ence 2010, pp. 76–80.
10 O. Casazza, “I dipinti su tavola: storia e 
tecnica operativa,” in Conservazione dei dip-
inti su tavola, L. Uzielli and O. Casazza eds., 
Fiesole 1994, p. 10.

11 C. L. Ragghianti, Perugino – Il Bat-
tesimo di Cristo, in “Musei del Mondo,” Milan 
1969.
12 J. Marette, Connaissance des primitifs 
par l’etude du bois, Paris 1961.
13 Other examples of crucifixes made of 
chestnut wood are the Cross no. 434 in the 
Museum of Villa Guinigi and another in the 
Church of San Michele, both in Lucca.
14 Some examples of paintings on lime 
wood are: Adam and Eve by Lukas Cranach, 
Gallerie degli Uffizi, and the Portrait of Agnolo 
and Maddalena Doni by Raphael in the Gal-
leria Palatina in Palazzo Pitti.
15 Roberto Buda, who restored these wood 
panels in the 1990s, reported the information 
on the technique of construction in an oral 
communication.
16 “Il restauro della Madonna della Clemen-
za,” Bolletino dell’Istituto Centrale del Restau-
ro, 41–44 (1960–64), pp. 7–36.
17 Master Guglielmo’s Cross has two layers 
of cloth glued to the wood to isolate its irregu-
lar surface from the ground layers.
18 C. Frosinini, “Appunti sui forzerinai e i 
dipintori nella Firenze del Quattrocento,” in 
Legno e Restauro, Florence 1989, p. 139.
19 See Barili’s choir panel of 1490 in the 
Duomo of Siena. Another interesting example 
of visual information is found on the Rofena 
Triptych, reassembled in the sixteenth cen-
tury in a new frame which includes a predella 
and lateral pilasters, on which woodworking 
tools together with several musical instru-
ments have been carved on the front and 
sides.
20 Paris, École des Beaux Arts.
21 G. Vasari, Le Vite… in Le Opere di Gior-
gio Vasari, Florence, 1973, VII. pp. 602–603; 
and from an oral communication by Alessan-
dro Cecchi.
22 By “inner” side of each sawn board we 
mean the side of the plank facing inwards 
towards the central pith when cut from tree 
trunk; this will produce a greater surface ex-
tension during the phase of adjustment and 
eventual warp of the wood. Woodworkers 
were certainly aware of such behavior over the 
centuries, allowing them to take advantage of 
it according to the type of object to make.
23 Placing the wider boards centrally re-
duced the marking of the joins on the painted 
surface. Naturally the best results were ob-
tained choosing radial cuts.
24 Dowels (cavicchi) were spindle-shaped 
elements, inserted for joining purposes into 
specifically prepared seats opened from the 
edges in the boards’ thickness. Their function 
was to keep the boards level during gluing and 
to reinforce the joins. Dowels were made of 

hard wood and were not glued in, with their 
fibers running cross-grain to those of the sup-
port. They were shorter in length than their 
housings, so that in the case of shrinkage of 
the boards over time they would not exert 
pressure on the joins forcing them open. The 
biscuits (ranghette) had the same function, the 
only difference being the rectangular shape.
25 Mentions of this type of glue exist since 
ancient times. The monk Theophilus de-
scribes how to glue the boards together for 
panel paintings using casein and lime in the 
chapter “De tabulis altarium et ostiorum et 
de glutine casei,” in the text known as the Di-
versarum artium schedula, one of the most 
complete medieval compilations of scientific 
secrets and technical norms for the figurative 
arts.
26 As we will see, the support of Piero della 
Francesca’s Sacred Conversation, also known 
as the Brera Alterpiece, is made this way; other 
smaller panels of this type are those by Ber-
nardino Campi in the Church of the Incoro-
nata in Lodi.
27  Clamps were iron devices in the form of a 
rectangular bar whose section varied depend-
ing on the length, with a fixed flat piece and 
another one adjustable by means of a large cy-
lindrical screw. Clamping with wooden strips 
functioned according to the same principles 
as the iron devices, and were composed of one 
or two elements: a fixed piece and an adjust-
able one, with the final degree of compression 
obtained by inserting wedges.
28 Ugo Procacci attributed these panels to 
Jacopo del Casentino. Luciano Berti proposed 
a highly convincing reconstruction of the 
polyptych (1952), identifying the central por-
tion in the Madonna and Child in the Vatican 
Museums, and the last panel to the left in a 
Bishop Saint now in the National Gallery in 
Washington.
29 The painting attributed to Duccio is the 
central portion of a much larger panel, and 
shows the Madonna delle Grazie on the front 
and episodes of the Passion of Christ on the 
rear.
30 Some of the information on the “forged 
iron” nail comes from the Enciclopedia Itali-
ana Treccani.
31 Only two nails placed close to the edges 
of the board was usually preferred, to avoid 
the central part which was the part most sub-
ject to warp and therefore cause of stress and 
possible cracking.
32 C. Cennini, Il Libro dell’Arte, (ed. by E. 
Brunello), Vicenza 1971.
33 Triptych, Rossello di Jacopo Franchi, 
1420, Galleria dell’Accademia, Florence.
34 Once seasoned, wood demonstrates ex-
cellent mechanical strength and stability in 
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the longitudinal direction; it behaves differ-
ently instead in the opposite direction, where 
there is much less mechanical strength and 
warp is influenced by the composition of the 
anatomical rings. Consequently, support sys-
tems had to be applied to the wood construc-
tion to achieve the required structural solidity 
and to limit board deformation.
35 I have recently had the opportunity to ob-
serve a mid-fifteenth century Flemish paint-
ing, an altarolo with doors, whose frame has 
been carved from the thickness of the wood. 
The main painting is composed of three nar-
row butt-joined boards, while a single board 
has been used for each small door. The frame 
is carved in a traditional form, with the lower 
part slanted rather than shaped.
36 M. Bacci, “Pisa e l’icona,” in Cimabue a 
Pisa. La pittura pisana del Duecento da Gi-
unta a Giotto, exhibition catalog ed. by M. 
Burresi, A. Caleca, Pisa 2005, pp. 59–64.
37 Referring to Giotto, Vasari says: “…in 
poco tempo, aiutato dalla natura ed ammaes-
trato da Cimabue, non solo pareggiò il fanci-
ullo la maniera del maestro suo, ma divenne 
così buono imitatore della natura, che sbandì 
affatto quella goffa maniera greca, e risuscitò 
la moderna e buona parte della pittura, intro-
ducendo il ritrarre bene di naturale le persone 
vive.” See G. Vasari, Le Vite de’ più eccellenti 
pittori, scultori et architettori nelle redazioni 
del 1550 e 1568, R. Bettarini, commented 
by P. Barocchi, Florence 1967, II, p. 97.
38 E. Sendler, L’Icona, Immagine del invisi-
bile, Elementi di Teologia, estetica e tecnica, 
Rome 1996. This text is on the history of icons 
in the religious context of Byzantium until its 
decline; the techniques and materials used are 
also described.
39 Ibidem.
40 For this see the Bigallo Master dossal 
whose frame includes a separate part en-
closing the outer edge; the gables of Giotto’s 
polyptychs also have applied, shaped mold-
ings. E. Bartolozzi, A. Santacesaria, “Il 
supporto “scavato” del Dossale di San Zanobi: 
punto di partenza per l’identificazione di una 
tipologia costruttiva dei dipinti su tavola,” 
OPD Restauro, 17, Florence (2005), pp. 273–
284.
41 Also see the large group of Byzantine 
paintings in the volume H.C. Evans, Byzan-
tium, Faith and Power (1261–1557), The Met-
ropolitan Museum of Art, New York, 2004, 
pp. 167–373.
42 Comparison of Giotto’s crosses from 
Santa Maria Novella, Rimini, Padua and 
Ognissanti has brought us to conclude that 
the Crucifix of Santa Maria Novella shows 
the maximum technical level, choice of 
materials, and harmony of form, dimensions, 
and finish. As formerly mentioned, Cimabue, 

who preceded Giotto chronologically, was 
also very important as an innovator of panel 
construction methods. Observation of the 
large Ognissanti Madonna in the Gallerie degli 
Uffizi, and comparison with the San Giorgio 
alla Costa Altarpiece presently deposited at 
the Curia and the Stigmata of San Francesco in 
the Louvre, shows that the first has a perfectly 
functioning, harmonically proportioned and 
finished support system, complete with nails; 
the others are efficient and well-functioning 
constructions based on the consistency of the 
support and the reinforcement afforded by 
the battens on the rear, while we may consider 
the technical and material choices customary 
together with the proportions and the finish.
43 This table was prepared by Elena Bar-
tolozzi for her thesis entitled “Tecniche del 
support ligneo nella pittura Medievale,” Uni-
versità della Tuscia 2010. Irene Samassa car-
ried out further research for her specialization 
thesis, “Il Paliotto di San Zanobi del Maestro 
del Bigallo: Tipologia, funzione, restauri,” 
Università degli Studi di Firenze, Scuola di 
Specializzazione in Beni Storico-Artistici, 
2010/2011.
44 The panel of the Master of Greve from 
the villa of Casale is made from two vertical, 
butt-joined planks. The picture plane is re-
cessed with a 10 cm frame that slopes down 
on the inner perimeter. Crossbars at the top 
and bottom complete the support.
45 The dossal with St. Francis and Six Mir-
acles by Giunta Pisano from the Church of 
San Francesco in Pisa has a pointed arch, and 
measures 132 x 155 cm and is 3.5 cm thick. 
The structure is composed of six poplar wood 
boards placed horizontally. The panel origi-
nally had a vertical batten in the center; while 
the battens now existing—two on the upper 
portion and one on bottom—are not original. 
The rear of the panel was coated with minium. 
The presence of cloth has been verified only 
along the joints, along which several dove-tail 
elements were originally inserted.
46 This panel from the Oratorio del Castel-
lare at Vicopisano is made of chestnut.
47 The Deposition panel by Enrico di Tedice 
from the Church of San Bernardo in Pisa is 
composed of a single poplar wood board cut 
radially, measuring 57x35 cm. The painted 
plane has been carved to form the frames 
from the thickness of the wood. The perim-
eter frame is simply carved, flat on the front 
and about 5 mm wide, and the edge also about 
5 mm wide sloping inwards at a 45° angle.
48 The dossal panel with Stories of Saint 
Catherine from the Church of San Silvestro 
in Pisa has a pointed upper arch, and mea-
sures 118 x 112 cm by 3.5 cm thick. The board 
structure is composed of four poplar wood 
planks mounted vertically, butt-joined with 

dowels inserted; two poplar wood battens are 
present on the rear, each fixed with seven nails 
placed centrally on the boards. The nail heads 
visible on the rear are rather large, while the 
points have been clinched back into the wood 
beneath the ground. The presence of cloth has 
been noted only along the joints.
49 The Madonna and Child attributed to 
the school of Bernardo Daddi (now in the 
Museum of Santa Croce in Florence) has a 
pointed arch; its characteristics are those of 
the central portion of a triptych or of a dis-
membered dossal. Three poplar wood boards 
of sub-tangential cut are arranged horizon-
tally and butt-joined. Three nails aligned 
vertically are the only remains of the original 
crosspiece system. Aside from the horizontal 
arrangement of the boards, the construction 
of this piece is similar to that of Giottos’s Ba-
dia Polyptych: the inner flat plane has been 
carved down 8 mm, forming a molded frame 
around partially flat and in part shaped, which 
forms a pointed arch in which God the Father 
has been painted. The slanted parts of the arch 
were finished with actual frame pieces nailed 
to the support to enclose the outer edges. The 
perfect execution of the hollowed-out portion 
as well as of the shaped parts testifies to the 
presence of a precise project together with 
great woodworking skill in realizing it. As far 
as the state of conservation is concerned, this 
has been noticeably complicated by the dam-
age inflicted by the flood of 1966; in fact, at the 
present, the boards forming the support are 
heavily warped.
50 The small portable altar with wings (al-
tarolo) by Jacopo del Casentino, the Ma-
donna with Child, Saints and Angels from 
the Uffizi Gallery, is small in size, and conse-
quently a single, arched board has been used 
for the main part. The two wings are also 
single boards, and are attached to the central 
panel with iron hinges (their slang term be-
ing “gangherelle”), forming doors that may be 
closed perfectly over the main Madonna and 
Child panel. The upper portion is covered 
with the jutting part of the oblique frames on 
the arches.
51 The Pietà panel attributed to Vitale da 
Bologna was probably one half of a diptych 
unknown to us today. The carving of the hol-
lowed-out support is so refined that we may 
define it as sculptural. The support is a single 
board structure formed of one vertical, sub-
tangential poplar wood plank; it is 60.5 x 38.2 
x 2.3 cm in size and is without battens. The flat 
plane for painting has been hollowed-down 
7–8 mm; the architectural structure which 
surrounds the image left on a higher plane has 
a pointed arch forming a shaped, Gothic-style 
frame, which rests laterally on the capitals of 
half-columns each terminating in a shaped 
base below. Another molded frame flanks the 
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outer portion of this construction around the 
support. The X-ray of this panel shows that the 
gesso has been laid down uniformly over both 
the flat painted plane and all of the parts in re-
lief. As to the conditions of the work, the most 
noticeable element is the marked warp of the 
panel, resulting from the tangential cut of the 
wood and lack of a support system on the rear. 
While the eventual presence of applied rather 
than carved out frames would have perhaps in 
some way reduced such deformation, it would 
have certainly induced dangerous stress and 
could have resulted in detachment of the paint 
layers in the areas between the frame and the 
flats.
52 The support of this cross is formed of ten 
wood elements including the halo piece, one of 
them very large.
53 Bone glue (colla forte), commonly called 
carpenters’ glue, is derived from boiling parts 
of large animals including bones, nerves, carti-
lage, and other proteinaceous tissue.
54 A previous restoration of this painting by 
Giannino Marchig in 1947, included removal 
of the original batten and insertion of four 
large “dovetail” elements with the intention 
of reinforcing the body and arm board joints. 
This instead greatly affected the structure, not 
only compromising the stability of the arms by 
weakening the joints, but also provoking con-
tinuous stress since inserted cross-grain to the 
main panel, thus much worsening the general 
condition of the object. This is a typical ex-
ample of intervention done without any true 
study of the work or its original construction 
technique.
55 P. Torriti, La Pinacoteca Nazionale di Si-
ena i dipinti dal XII al XV secolo, Genoa 1980, 
p. 18.
56 Museo Civico e Diocesano d’Arte Sacra 
di Montalcino, A. Bagnoli (ed.), Siena 1997, 
pp. 120–121. These two works demonstrate 
quite special construction features: the cross-
lap joint between the body and arm boards 
has been realized from the rear; the tablet is 
a separate piece made of a single board and is 
inserted into the top of the vertical part with its 
fibers cross-grain.
57 See A. Carini, “Il restauro della Maria Re-
gina,” in “Alberto Sotio”…, cit. pp. 33–44.
58 The Uffizi Cross no. 432, for example, is 
made of re-used wood.
59 See A. Carini, “Il restauro della Maria Re-
gina,” in “Alberto Sotio”…, cit. pp. 33–44.
60 For example, Cimabue’s crucifix in Santa 
Croce in Florence—which is 433 cm in height 
and 390 cm horizontally, with the parts united in 
a cross-lap joint having the arm board inserted 
from the rear—has a batten system consisting of 
two long vertical bars placed at the edges of the 
body board, excluding the side tablets, connect-

ed to a series of crosspieces united among them-
selves in cross-lap joints. The batten system is 
arranged over the entire rear of the wood cross, 
including the upper tablet and the parts with the 
mourners. The mechanical strength of the cross 
has been achieved through the combination of 
its own joining methods with those of the bat-
ten system; the battens are solidly nailed to the 
support.
61 In this case no scientific proof of the use 
of calcium caseinate or animal glue has been 
obtained.
62 This part is subject to rapid deterioration.
63 An exception to this are the two thin strips 
of wood placed along the outer edges of the 
body boards.
64 In this case, given the perfectly radial cut 
of almost all of the support boards, it is practi-
cally indifferent whether or not the face nearer 
to the center of the tree trunk has been used; in 
such cases, in fact, the choice of which side of 
the board to use will depend of which presents 
the least amount of defects.
65 Technical observations revealed an in-
crease in the length of the crucifix of about 
twenty centimeters, deriving from the addition 
of two pieces of wood to the bottom edges of 
each apron flanking the main body. The modi-
fication also affected the placement of the bat-
ten on the foot piece, again indicating that the 
variation took place when the crossbar was al-
ready attached to the support. In any case, all 
the hypotheses regarding these modifications 
are furthered developed in the catalogue of the 
work published after restoration.
66 This special placement of the dowels indi-
cates a project formulated prior to work.
67 Analysis has identified the glue as calcium 
caseinate.
68 The type of joint denominated “dovetail” 
has been used in woodworking since the time 
of the ancient Egyptian civilizations.
69 Several crossbars between the long hori-
zontal and vertical beams of the Ognissanti 
Cross are of chestnut wood.
70 The restoration report fully explains all the 
details of the structural modifications made 
during the work’s making.
71 See note 24 for the technical terminology 
and function of the “biscuit.”
72 See note 24.
73 A. del Serra, Gli Uffizi. La Maestà di 
Duccio Restaurata, Il Restauro, Studi e Ri-
cerche 6, Florence 1990, pp. 57–63.
74 P. Mora, Il restauro della Maestà di Duc-
cio, Struttura originaria del support - Sistema 
di costruzione della tavola, pp. 17–20. G. 
Urbani, Storie della passione, pp. 51–58. A. 
Capasso, Esame del collante originale, Rome 
1959, p. 193.

75 Mora, Il restauro della Maestà… cit. p. 
17.
76 From the Di Giacomo Devoto and Gian 
Carlo Oli Italian language dictionary.
77 Examples of polyptychs whose pilas-
ters reach the ground are: two altarpieces by 
Giovanni del Biondo in the Church of Santa 
Croce, Florence, one in the Rinuccini chapel 
and the other in the second chapel starting 
from the Sacristry. Another is Orcagna’s polyp-
tych in Santa Maria Novella.
78 Two polyptychs by Taddeo di Bartolo were 
built and then transported, one to the Duomo 
in Montepulciano, and the other, painted on 
both sides, made for the Church of San Fran-
cesco al Prato in Perugia, testifying to this 
method of construction which allowed the 
work to be taken apart.
79 L. Bertani, “Arte, storia e devozione: Tab-
ernacoli da conservare,” Quaderni dell’Ufficio 
Restauri della Soprintendenza per i Beni Artis-
tici e Storici di Firenze e Pistoia, Florence 1991, 
pp. 69–88.
80 It is true, however, that there is a work by 
Domenico Beccafumi, The Trinity Triptych in 
the Pinacoteca of Siena, of 1513, whose three 
panels are inserted into a framework whose 
front is completed with strips of wood, capitals 
and frame moldings.
81 Unfortunately the only surviving original 
frame is the one on the Olera polyptych.
82 The information about the nail holes 
has been supplied by the X-radiograph done 
at the Opificio delle Pietre Dure by Ottavio 
Ciappi.
83 Dowels to connect the panels are usually 
not present on Florentine polyptychs, while 
this technical feature is quite common on those 
from the territory around Siena.
84 The presence of pinnacles was revealed by 
traces visible on the upper parts of the frames 
that divide the painted panels.
85 The reconstructed part has been made us-
ing old wood and mounted so that it does not 
interfere with the original components and re-
mains easily removable.
86 The transformation of the polyptych in an 
altarpiece will be treated in the part dedicated 
to problems of decay.
87 The crossbars in 13th and 14th century 
structures were always placed at the head ends 
of the boards; in the case of a triptych or polyp-
tych, they would be positioned one along the 
bottom edge and another at the base of the 
arches; if their number was more than two, the 
median bars would be placed at uniform inter-
vals between the other two.
88 R. Saccuman, “Le Grandi ‘Macchine’ 
di Niccolò Liberatore: il caso del politico di 
Donna Brigida in San Niccolò in Foligno e il 
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suo restauro,” in Artisti e Botteghe a Foligno nel 
Quattrocento, ed. by G. Benazzi-E. Longhi, 
Foligno 2004, pp. 489–499.
89 The references cited in the table are as fol-
lows: Bellucci 2008: R. Bellucci, C. Cas-
telli, C. Frosinini, “Tecnica di Giovanni da 
Milano: Note di metodo per la conoscenza,” in 
Giovanni da Milano: Capolavori del gotico tra 
Lombardia e Toscana, edited by D. Parenti, 
catalogue of the exhibition (Florence, June 
10–November 2, 2008), Florence 2008, pp. 
115–137; Bomford 1989: D. Bomford, J. 
Dunkerton, D. Gordon, A. Roy, Art in the 
making: Italian painting before 1400, London 
1989; Buda 2008: R. Buda, D. Rossi, “Anal-
isi tecnica durante il restauro del polittico di 
Taddeo Gaddi in Santa Felicita,” in Da Giotto 
a Botticelli: Pittura fiorentina tra Gotico e 
Rinascimento, conference proceedings (Flor-
ence, May 20–21, 2005), edited by F. Pasut 
and J. Tripps, Florence 2008, pp. 73–78; 
Castelli 1999: M. Ciatti, C. Castelli, A. 
Santacesaria, Dipinti su tavola: La tec-
nica e la conservazione dei supporti, Florence 
1999; Merzenich 2001: C. Merzenich, Vom 
Schreinerwerk zum Gemälde: Florentiner Al-
tarwerke der ersten Hälfte des Quattrocento,” 
Berlin 2001; Nethersole 2011: S. Nether-
sole, Devotion by Design: Italian Altarpieces 
before 1500, National Gallery Company, 
catalogue of the exhibition (London, July 6–
October 2, 2011) London 2011; Saccuman 
2004: R. Saccuman, “Le grandi ‘macchine’ 
di Nicolò di Liberatore: il caso del polittico di 
donna Brigida in San Nicolò a Foligno e il suo 
restauro,” in Nicolaus Pictor: Nicolò di Libera-
tore detto l’Alunno: Artisti e botteghe a Foligno 
nel Quattrocento, edited by G. Benazzi and 
E. Lunghi, catalogue of the exhibition (Foli-
gno, May 29–October 3, 2004), Foligno 2004, 
pp. 489–499.
90 C. Castelli, M. Parri, A. Santacesar-
ia, “Il supporto,” in Lorenzo Monaco: Tecnica e 
Restauro ed. by M. Ciatti, C. Frosinini, Florence 
1998, pp. 101–108.
91 The board characteristics have been enu-
merated in a table at the end of the report in 
C. Castelli, in the 1999 edition of Dipinti su 
tavola.
92 Traces of horizontal tool marks would be 
possible to observe in an X-radiograph.
93 C. Castelli, M. Parri, A. Santacesar-
ia, in “Considerazioni e novità sulla costruzi-
one dei supporti lignei nel Quattrocento,” OPD 
Restauro 9, 1997, pp. 162–174.
94 See the restoration report by A. Del Ser-
ra, in Capolavori e restauri, Florence 1986, p. 
374, in which the author affirms that the paint-
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