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ABSTRACT 
 

The scientific examination of artworks has gained increasing interest in the last years, allowing the 

characterization of materials and techniques employed by the artists. This analysis can be extremely valuable to 

conservation and restoration treatments. However, the fact that every artwork is a unique piece emphasizes the 

necessity of working with non-destructive techniques. Although radiography has been used in the technical 

examination of museum objects for many decades, digital radiography is rapidly becoming a preferred modality 

for this essential tool in the advanced examination of works of art. The ability to electronically combine images 

from the large painting into a single composite image file was extremely valuable and results in higher quality 

images than those achieved with conventional radiography. These images can be also processed and improved 

using adequate software. Additional advantages of digital radiography include the possibility of an almost 

immediate analysis of the results, use of an only recording film and absence of chemical processing. 

Radiographic imaging can be applied to the analysis of virtually all media including paintings, sculptures, 

woodworks, engravings, etc. This paper reports some case studies of the use of digital radiography in the study 

of paintings and sculptures, showing the feasibility and advantages of this technique for this kind of purpose. 

The radiographic images revealed the conservation state of the analyzed objects and various details of its 

execution in order to assist recently restoration processes. 

 

 

1. INTRODUCTION 
 

The scientific examination of artworks has gained increasing interest in the last years, 
allowing the characterization of materials and techniques employed by the artists. It may 

reveal the extent of old damages on the paintings now concealed by past restorations, which 
can be extremely valuable to conservation and restoration treatments. It can also supply 

important information that makes possible to identify an artist, to date a painting and to 

identify forgeries. However, the fact that every artwork is a unique piece emphasizes the 
necessity of working with non-destructive techniques [1-3]. 
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Radiographic techniques have been used in museums to the study of archaeological artifacts 
in order to reveal internal details that would otherwise be invisible. When used in metallic 

structures analysis can indicate the technology of manufacture, different metals used in 
construction and details of decoration hidden by corrosion. The examination of mummies by 

these techniques can reveal breaks and cracks which indicate fragile areas; the presence of 

amulets; different burial practices and bone structure indicating gender, age, or illnesses. In 
the case of ceramics, it is possible to observe structure, manufacture technology and contents, 

such as cremation remains in funerary urns. In paintings, radiography can reveal the extent of 
old damages now concealed by past restoration; the successive phases of the artist creation 

(preparatory drawing, underpaintings and changes of design); the nature of the support; the 

canvas weave; presence of lead pigments and changes in the original surface topography 
(caused by drying of the ink, like cracking and detachment, and changes in the fabric). 

Characteristics of the canvas can provide information on its provenance and age and will 
clearly show any additions. Radiographs of wood panels can indicate the wood used, 

evidences of damage by insects and the position of nails and stretchers used in the 

construction of the painting. X-rays are attenuated differently by the various areas of the 
painting depending on several factors including the energy of the radiation; density, thickness 

and composition of the paint layer; and the elemental composition of the support elements 
(ground, canvas, stretchers, etc.). High Z elements absorb X-rays more efficiently than low Z 

elements, consequently, pigments that contain elements like Pb, such as lead white or lead-tin 

yellow, absorb more radiation and appear as light areas on the images. Other pigments, like 
ochre, for example (that contains Fe), and crackings, do not absorb as many X-rays and 

appear dark [4-7]. 
 

This work reports some case studies of digital radiography, performed in paintings and 

sculptures, demonstrating the feasibility and advantages of this technique for the examination 
of these kind of objects. The analyses employed distinct computed radiography (CR) systems 

and X-rays equipments, revealing details of artworks that were useful for restoration and 
conservation procedures. 

 

 

2. MATERIALS AND METHODOLOGY 
 
In this section, will be presented the artworks analyzed in this study, including three sacred 

images and three paintings. 

 
 

2.1. Sculptures 
 

For this study, were analyzed three sacred images, sculpted on wood, exhibiting polychromy - 

and also gilding with the application of gold leaves, in the case of the sculpture of Our Lady 
of Conception - different dimensions, as seen in Figure 1. Table 1 shows the exposure 

parameters and Table 2 shows the equipment used for image acquisition. 
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a) 

 
b) 

 
c) 

 

Figure 1: Analyzed sculptures: (a) Saint Sebastian (XVI century) from the Church of 
Capuchin Friars (Rio de Janeiro), (b) Good Jesus of Iguape (XVII century) from 

Basilica of Good Jesus of Iguape (São Paulo) and (c) Our Lady of Conception ( XVIII-

XIX century) from the D. João VI Museum - EBA/UFRJ (Rio de Janeiro). 
 

 

Table 1: Exposure details. 

 

Sculpture 
High 

Voltage (kV) 
Current 

(mA) 
Exposure 
Time (s) 

SDD 
(mm) 

# of 
Exposures 

(a) 60 30 15 1000 5 

(b) 50 0,2 600 1000 8 

(c) 50 0,2 600 1000 10 

 
 

Table 2: Equipments used for image acquisition. 
 

Sculpture 
X-Ray 

Equipment 
CR System 

Pixel Size 

(µm) 

Detector 

Size (mm) 

(a) Siemens GE CR50P 50 430 x 350 

(b) Oxford Durr CR35NDT 50 430 x 350 

(c) Oxford GE CR50P 50 430 x 350 
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2.2. Paintings 
 
Figure 2 shows the paintings analyzed in this work. The dimensions and the details of the 

paintings are shown in Table 3 and the parameters of exposure and image acquisition are 
shown in Tables 4 and 5. 

 

 

 
a) 

 
b) 

 
c) 

 

Figure 2: (a) Gioventù, (b) The First Mass in Brazil, (c) Establishment of the Village of 
Santos. 

 

 

Table 3: Details of the paintings. 

 

Painting Technique 
Dimensions 

(cm) 
Author Date Museum 

(a) 
Oil on 
canvas 

65 x 49 
Eliseu 

Visconti 
1898 

National Museum of Fine 
Arts (Rio de Janeiro, RJ) 

(b) 
Oil on 
canvas 

268 x 356 
Victor 

Meireles 
1860 

National Museum of Fine 
Arts (Rio de Janeiro, RJ) 

(c) 
Oil on 

canvas 
390 x 280 

Benedito 

Calixto 
1922 Coffee Museum (Santos, SP) 
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Table 4: Exposure details. 

 

Painting 
High 

Voltage (kV) 

Current 

(mA) 

Exposure 

Time (s) 

SDD 

(mm) 

# of 

Exposures 

(a) 50 0,2 600 850 4 

(b) 35 0,2 90 850 108 

(c) 50 0,3 240 1200 104 

 

 

Table 5: Equipments used for image acquisition. 

 

Painting 
X-Ray 

Equipment 
CR System 

Pixel Size 

(µm) 

Detector 
Size (mm) 

(a) Oxford GE CR50P 50 430 x 350 

(b) Oxford Kodak ACR2000i 87 430 x 350 

(c) Oxford 2 Durr CR35NDT 50 430 x 350 

 

 

3. RESULTS 
 

3.1. Sculptures 
 

3.1.1. Saint Sebastian 
 
Figure 3 shows the radiographic image of the Saint Sebastian statue. It is possible to observe 

the manufacturing process of the sculpture and its conservation state. In Figure 3b can be 
observed dark areas in the right arm of the saint, showing regions of losses (currently hidden 

by ancient restorations). The extensive use of the pigment lead white in the body of the saint 

is observed as white color in the image. In some areas is possible to note the presence of 
cracks on the wood, as seen in detail in the Figure 3c. 
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b) 

 
a) 

 
c) 

 

Figure 3: Radiographic images of the sculpture “Saint Sebastian”. 
 
 

3.1.2. Good Jesus of Iguape 
 

Figure 4 shows the final assembly of the radiograph of the Good Jesus of Iguape statue. The 
images revealed the conservation state of the artwork and the use and location of metallic 

structures inside the sculpture (as seen in the legs, figure 4a). Figure 4c shows the final part 

of the metallic support. This information is of great importance for the handling of the statue. 
It is also possible to observe the details of manufacture, as shown in figure 4b. 
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b) 

 
c) 

 
a)  

d) 

 

Figure 4: Radiographic images of the sculpture “Good Jesus of Iguape”. 
 

 

3.1.3. Our Lady of Conception 
 

Figure 5 shows the radiographic image of the Our Lady of Conception statue. It was possible 
to observe various details of the manufacture of the sculpture, like: drapery of garments; 

curling of hairs; the use of glass eyes and metallic nails in order to fix parts of the structure 

(figures 5b and 5c); the use of lead white in the face and in the hands (white areas); etc. 
Furthermore, the radiographs revealed the conservation state of the artwork and also some 

regions of loss of paint layer and cracks on the wood (as seen in figure 5d).  
 

 

 
 

 
 



INAC 2013, Recife, PE, Brazil. 

 

 
b) 

 
c) 

 
a)  

d) 

 

Figure 5: Radiographic images of the sculpture “Our Lady of Conception”. 
 
 

3.2. Paintings 
 

3.2.1. Gioventù (Eliseu Visconti, 1898) 
 
Figure 6a shows the image of the painting. The radiographic images revealed that the 

painting was in a good state of conservation. Only small regions of loss of paint support 
could be observed: the more significant, over the left shoulder of the portrayed girl and the 

others at the right and left sides of the canvas, near to the frame. The radiographs also 
revealed some details such as the canvas weave and the stretching marks, originated when the 

fabric was fixed on the wooden support. However, the most important result of the CR 

analysis was the discovery of a complete composition hidden underneath the visible paint 
layer, as seen in the radiograph of the whole painting. This previous composition is very 

similar to the painting “The Recompense of Saint Sebastian”, executed by the same author, as 
shown in the figure 6b [4]. 
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a)  b)  
 

Figure 6: Radiographic image of the painting “Gioventù”, showing a complete 

composition underneath the original painting (a). This composition seems to be a study 
for the painting ‘‘Recompense of Saint Sebastian’’ (b). 

 
 

3.2.2. The First Mass in Brazil (Victor Meireles, 1860) 
 
Figure 7 shows the radiographic image of the painting, revealing some details and problems 

like: the canvas weave; stretching marks (generated when the fabric was fixed on the wooden 
support), the position of the nails used in this fixing; several regions with detachment and 

cracking of ink, splits and holes on the canvas. The areas where occurred losses of fabric, 

which were filled with mortar before retouching, could be clearly observed, including some 
regions that shown the old reinforcement applied during the first restoration of the painting. 

The use of lead white - in the clothes of the priest and the acolyte, in the sky and in various 
regions (to create a luminosity effect) - was revealed as light areas on the images, because 

lead (Z = 82), absorb more radiation than the light elements found in earth pigments, for 

example, which appear as dark areas. Areas with splits and cracks, due to the decrease of 
density, allow the passage of radiation and, consequently, also appear as dark on the 

radiographs. Figure 8 shows a change in the design made by the own artist: a man’s head 
appears where, in the original painting, can be observed a tree. The use of lead white is easily 

visible in the sky, in the mountains, in the sea and in the knights’ armor. Figure 9 shows a 

radiograph of the main scene of the painting: the improvised altar, in the forest, with the 
priest elevating the chalice and the acolyte kneeled behind him. The large use of lead white 

can be observed as light areas. In the details, are shown the canvas weave, crackings and 
detachments of ink, splits on the canvas and the use of different kinds of mortaring. The 

knowledge of all problems revealed by the CR analysis and its location were very important 

to the restoration process, especially during the first stage when the old reinforcement of the 
fabric was replaced, in order to avoid that fragments of the paint layer were accidentally 

removed. 
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Figure 7: Radiographic image of the painting “First Mass in Brazil”. 
 

 

 
 

Figure 8: Detail of the radiograph (a) showing a change in the design made by the artist: 

a man’s head appears where, in the original painting (b), can be observed a tree. 
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Figure 9: Radiograph of the main scene of the painting. In the details are shown regions 

of losses of support, the canvas weave and crackings. (A) Region partially filled with 
mortar, which was covered with a thin layer of lead white; (B) region filled with 

different kinds of mortaring. 
 
 

3.2.3. Establishment of the Village of Santos (Benedito Calixto, 1922) 
 

Figure 10 shows the radiographic image of the painting. It was possible to observe several 

regions of losses along the entire length of the canvas, especially on the edges, due to the 
placement of the frame. In these same regions and in the central part of the painting were 

observed marks caused by the use of small nails to fix the canvas on the wooden support. It 
could also be noted large areas of mortaring performed during ancient restoration procedures. 

The mortaring is clearly visible at the lower part of the painting, in the right size and in the 

characters located between the central scene and the left edge. Furthermore, were also 
revealed the use of lead white pigment (white areas) and various regions that presented 

crackings in the paint layer. These results were used in the recently restoration of this 
artwork. 
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Figure 10: Radiographic image of the painting “Establishment of the Village of Santos”. 
 

 

4. CONCLUSIONS  
 

The radiographic images presented in this work revealed the conservation state of paintings 

and sacred images sculpted on wood, the use of lead white pigment, the presence of nails and 
other metallic structures and various details of the execution of these artworks. Furthermore, 

in the paintings, was possible to observe changes in the design and underpaintings and also 
regions of mortaring, crackings and losses. The use of the digital radiography - a non-

destructive technique which provides fast image acquisition - proved to be suitable and 

extremely useful for conservation and restoration procedures of artworks, contributing 
effectively to the preservation of our cultural heritage. 
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