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conception of the work and not an afterthought to rectify 
a firing accident. 

The purpose of the backing, however, remains un-
known. One explanation is that it played a specific role in 
the sculpture’s original setting. The art historian Giancarlo 
Gentilini proposes a different theory, noting that, in the 
early 15th century, terracotta sculpture was not yet as 
popular or as common as it would become in the follow-
ing decades. He thinks that the wooden backing may have 
made the sculpture seem familiar and acceptable to the 
patron, who would have been accustomed to the more 
prevalent wood polychrome sculpture of the time (Gen-
tilini 2008). The presence of wooden edging around the 
base and of an additional wooden panel across the under-
side supports this novel idea.

Thermoluminescence analysis of the clay placed the 
last firing roughly between 1400 and 1650 (Stoneham 
2007), confirming the authenticity of the sculpture. Sili-
con dioxide and aluminum oxide were identified as the 
principal components of the clay through X-ray diffraction 
(Douglas 2007) and electron-beam microprobe analysis 
(Lange 1998). Scanning electron microscopy shows a het-
erogeneous mixture, with particles ranging in size from 
approximately one to 20 micrometers (Palmer 2009). The 
overall thickness of the clay wall is difficult to measure be-
cause of the presence of the wood backing, but in the area 
that is accessible through the large vertical crack in the 
wood panel, it measures approximately 12 millimeters. 

After firing, the terracotta and the wooden backing were 
joined by means of iron nails, inserted through the pre-
made holes in the terracotta and into the 3.8 centimeters-
thick poplar (Palmer 2007) panel. Poplar, still plentiful in 
Italy, was commonly employed in the fabrication of pan-
els for paintings. The wooden edging and the panel on the 
underside of the base would also have been applied after 
firing, before the linen strip was applied over the terra-
cotta/wood seams. 

Linen, identified using transmitted light microscopy, is 
present along the length of the join between the terracotta 
and the wood, as well as over the seams between the edg-
ing and the base. Its presence here recalls the technique 
used for the construction of large panel paintings, and of 
the background panel in Donatello’s plaster relief Madon-
na dei Cordai. In that work, the seams between the four 
poplar boards are overlaid with strips of linen (Kumar 

and Sisi 1986, p. 10). Textile is also found in the National 
Gallery terracotta where a fold in the mantle at the Ma-
donna’s right shoulder meets the wooden panel. The fold 
is built up in cloth, extending it visually and physically 
onto the edge of the panel (Fig. 5).

Samples of the gilding and polychromy were examined 
in cross section to determine the stratigraphy of the sur-
face treatments as well as to provide additional informa-
tion on the materials present. The results showed a struc-
ture consistent with other polychrome sculpture from the 
Renaissance, and revealed that no additional pigment or 
gilding layers are present over the original. This is a some-
what remarkable feature, since owners often repainted re
ligious sculpture, whether out of respect for the image or 
simply to modernize it.

A glue size was used to seal the surface of the terracotta 
before the preparation layer was applied, and it is visible 
in the cross sections. The ground was applied in two stag-
es, with the lower one coarser than the finer upper layer 
(Palmer 2009). Such a layering structure is consistent 
with Cennino Cennini’s account  from about 1390 of the 
use of gesso grosso and gesso sottile in panel painting (Cen-
nini 1859, chaps. 15–18), as well as with findings in other 
polychrome sculpture from the Renaissance. The ground 

Figure 5

Detail showing continuation of terracotta fold, in cloth, 
onto edge of wooden backing. Arrows point to exposed 
textile; the dotted line indicates the terracotta/wood 
boundary. (Photo: author)
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on the Kress Madonna was identified as calcium sulfate 
anhydrite (Douglas 2007) and dihydrate (Palmer 2009) 
in a protein binder. On the side edges of the crossbar, and 
on the underside, bright red and blue wool fibers are visi
ble mixed into the ground, presumably as a bulking agent, 
and they recall the mixture of plaster and wool fibers 
found in Pietro Torrigiano’s portrait bust of King Henry 
VII, dating from around 1509–1511 (Galvin and Lindley 
1988, p. 897). 

Polarized light microscopy and X-ray fluorescence were 
used to characterize the polychromy, which was applied 
after the bole and gilding. The blue lining of the Madon-
na’s cloak and veil is composed primarily of azurite with a 
few grains of carbon black and some unidentified white 
particles. The red on the Madonna’s right sleeve is vermil-
ion, and that on the figures’ lips is a mixture of vermilion 
and red lead (Berrie 2007). The flesh tone is composed of 
lead white with particles of red lead and some carbon 
black (Palmer 2009). 

The analyses revealed materials consistent with what 
would be expected for Renaissance sculpture, but their 
combinations suggest experimentation by the artist. 

The Inscription
In all previous discussions of this work, the inscription was 
never formally addressed, and in fact it was even incor-
rectly published as reading “ave maria gratia plena” 
(Goldscheider 1949, p. 152; Ragghianti 1965; Middel-
dorf 1976, pp. 13–14; Bellini 1977, p. 182, n. 4), when in 

fact it reads “ave maria grazia prena” (Fig. 6). The pre-
sumed misspelling inevitably raises a number of ques-
tions: Was the use of prena rather than plena intentional? 
Was it intended as a play on words? Could the inscription 
be a later addition? Infrared reflectography revealed no 
modifications or additional markings in the area.

Explanations exist for the variance in spelling that do 
not call into question the originality of the inscription or 
the authenticity of the sculpture. The linguistic phenom-
enon of rhotacism, for example, by which the letter r re-
places another consonant, occurs in several languages. 
In Italian and its dialects, primarily in central and north-
ern regions, it is common to find words in which the let-
ter l has been replaced by r in everyday speech (Guazzelli 
2008), and numerous examples exist in letters, docu-
ments, notebooks, and reference materials. For instance, 
this is found in a note by Jacopo della Quercia dated 
February 1434 (Bellini and Fineschi 1975), in Giambo
logna’s notebooks a century later (Codini and Sbrilli 
1996), and in various 19th- and 20th-century Italian and 
dialectical dictionaries. The presence of prena rather than 
the more familiar plena appears to be the result of the com-
mon exchange of these letters in the vernacular, rather 
than an error. 

Another possible explanation is that the exchange was 
wholly intentional as a play on words. Pregna in Italian 
means “pregnant” or “full”; the prena in the sculpture’s 
inscription would recall pregna and thus be an allusion to 
the Annunciation. This interpretation is reinforced by the 

Figure 6

Detail of the inscription. (Photo: author)
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presence of the word prena in the inscription at the bot-
tom of Neri di Bicci’s Annunciation in the Church of Santa 
Trinita in Florence, which seems intended to emphasize 
the scene depicted in the fresco.

Anna Jolly espouses a similar explanation, adding: “It 
is possible that many of these images were, as Geraldine 
Johnson proposes [ Johnson 1997, pp. 8–9], made to work 
in conjunction with ideas about pregnancy and child-
birth. Popular belief stressed that pregnant women, if they 
looked upon images of beautiful children, would them-
selves be more likely to produce comely offspring. And 
perhaps the insertion of prena subtly reminded women of 
the importance of viewing images of beautiful children” 
( Jolly 2007).

Each hypothesis has merit and further contributes to 
the interpretation of the Kress Madonna. The anomalous 
inscription should not be considered a mistake, nor should 
it diminish the viewer’s appreciation of the sculpture.

Conclusion
Richard Krautheimer once wrote, in reference to the mul-
titude of Madonna and Child sculptures from the early 
15th century, “To unravel the problem calls for a renewed 
study from the very outset” (Krautheimer 1956, p. 203, n. 
2). By looking beyond the stylistic features, at the mate
rials and construction method used, the current project 
aims to provide new insights on the work and to contrib-
ute to unraveling the problem of attribution. Although this 
specific question remains unanswered, several important 
additions to the body of knowledge have been made.

With the authenticity of the work confirmed, it was 
possible to contemplate the rationale for the uncommon 
spelling in the inscription. A number of explanations were 
presented for the variance that do not diminish its sig
nificance, and may actually enhance the value of the in-
scription. The numerous and varied components of the 
hand-modeled sculpture’s structure were identified and 
determined to be original. Furthermore, it was established 
that the backing is not only original to the work rather 
than a later addition, but is also part of the artist’s funda-
mental conception of the work. 

The materials are absolutely consistent with what is 
expected for Renaissance polychrome sculpture. Their 
unusual combination, however, is in stark contrast with 
the tendency of 15th-century workshops to economize in 

time and materials in the large-scale production of this 
popular genre. The deliberate choice of materials, con
struction technique, and decoration for the Kress Ma-
donna required forethought and planning, and indicates 
an all but time-saving process. Furthermore, it confirms 
the belief that this sculpture is truly extraordinary. Though 
many questions remain regarding the origin of the sculp-
ture, the clues uncovered during the treatment and tech-
nical investigation, such as the painted hatch marks in the 
flesh-toned portions of the figures, will contribute to the 
unraveling of the question of the attribution of the Kress 
Madonna.

Materials
Surfonic JL-80N is a non-ionic surfactant produced by 
Huntsman Performance Products, The Woodlands, Texas.
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In notes from her visit of August 21, 1997, Christine 
Sperling (Bloomsburg University) mentions the different 
spelling in the inscription but does not propose an expla-
nation. Alison Luchs draws a comparison with Venetian 
Quattrocento inscriptions where R and L are exchanged.
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