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ABSTRACT Diagnosis of the congenital form of syphilis is an important
part of the palaeopathology of this disease. In theory, there are clear clinical
signs to be found in the long bones and teeth, but it has rarely been possible to
recognise the latter with a confidence in archaeological material, partly
because the original descriptions of the dental deformities are sometimes
contradictory and partly because it is nowadays difficult to find reference
specimens in museums. This article describes two such specimens which have
recently been rediscovered, and discusses the form of the dental defects which
they show (Hutchinson’s incisors, Moon’s molars, and mulberry molars) in
relation to the developmental sequence of the teeth. Am J Phys Anthropol
107:25–40, 1998. r 1998 Wiley-Liss, Inc.

The purpose of this article is to discuss the
value of the classic dental stigmata in palaeo-
pathological diagnosis of congenital syphi-
lis, to examine the mechanisms through
which they are generated, and to debate the
implications that these have for understand-
ing the sequence of tooth crown develop-
ment in children. Detailed accounts of these
particular tooth crown anomalies are rare,
and the article is intended to act as a point of
reference for other workers, by describing
and illustrating two documented museum
specimens from the Royal College of Sur-
geons of England. Congenital syphilis is the
infection of the unborn foetus across the
placenta by Treponema pallidum from a
syphilitic mother. It is considered a rare
disease by most clinicians in Europe or
America today, due to the maintenance of
control through treatment following routine
testing of expectant mothers, although it is
still common in developing countries (Dav-
anzo et al., 1992) and there have been recent
increases among some social groups in large
American cities (Berry and Dajani, 1992;
Jonna et al., 1995; Rawstron et al., 1993).
During the 17th Century AD, however, syphi-
lis was a major scourge (Quetel, 1990) and
caused a level of concern comparable to the

modern AIDS epidemic, with which it has
many parallels (Evans and Frenkel, 1994).

CLINICAL SIGNS OF
CONGENITAL SYPHILIS

When a mother has syphilis, the effect on
the unborn child is in fact rather variable.
Both the mother and child may show no
physical symptoms of syphilis at birth, and a
proportion of cases register negative in sero-
logical testing (Chhabra et al., 1993). Raws-
tron and colleagues (1993) studied the re-
cords of 403 pregnancies, of which they
considered 233 to be ‘‘at risk’’ of resulting in
an infant with congenital syphilis because
the mothers’ records showed no history of
therapy, but nonetheless noted positive sero-
logical findings suggestive of recently ac-
quired syphilis. Out of the 233 at risk, 75
babies were delivered with congenital syphi-
lis diagnosed on the basis of serological
tests. Of the 75 babies testing positive for
syphilis, 53% were stillborn, and only 6%
‘‘had abnormal physical findings at birth’’
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(Rawstron et al., 1993: 727). Most of the
clinical signs of congenital syphilis develop
later (Curtis and Philpott, 1964; Jeans and
Cooke, 1930; Stokes, 1945):

1. Early signs. Between about 1 month af-
ter birth and 1 or 2 years, a range of
lesions may be seen in the skin and the
mucous membranes of the mouth and
nose. In addition, the bone and cartilage
around the growing zones at the ends of
long bones may become inflamed.

2. Late signs. From 2 years after birth, or
even more than 30 years later, a further
range of lesions may develop. These in-
clude keratitis of the cornea (with conse-
quent blindness), a degeneration of the
nerves (sometimes leading to deafness),
and an inflammation of the synovial mem-
branes of joints.

3. Stigmata. A child with congenital syphi-
lis may be marked for life by deformities
of the skull, including ‘‘saddle-nose’’ and
bossing of the frontal bone. Inflammation
of the tibia results in a characteristic
bowing known as ‘‘sabre shin.’’ There
may also be permanent radial scarring
(rhagades) at the corners of the mouth,
remaining from the skin inflammation of
early congenital syphilis. Finally, there
are characteristic defects of the teeth—
Hutchinson’s incisors, Moon’s molars, and
mulberry molars (see below). These
also, in fact, represent the effects of the
initial lesions of early congenital syphilis,
even though they only become apparent
with the eruption of the permanent inci-
sors and first molars around 6 years of
age.

Along with the bone deformities, the den-
tal stigmata are the main way in which
congenital syphilis can be diagnosed in ar-
chaeological human remains (Cook, 1994;
Henneberg and Henneberg, 1994; Ortner
and Putschar, 1981; Rose, 1985), and there
has been discussion (Condon et al., 1994;
Jacobi et al., 1992) of the exact form that
they take. A great deal hinges on the original
descriptions, some made more than a cen-
tury ago, because well-documented museum
specimens are now very rare.

THE LITERATURE OF DENTAL STIGMATA
IN CONGENITAL SYPHILIS

Sir Jonathan Hutchinson (1857, 1858)
was the first to describe defects in the teeth
related to congenital syphilis, as part of his
triad of signs—dental deformities, keratitis
and neural deafness—all of which remain
important in the diagnosis of congenital
syphilis (Curtis and Philpott, 1964; Jeans
and Cooke, 1930). What Hutchinson (1857:
450–451) described was a characteristic de-
formity of the anterior teeth, particularly
permanent incisors (Figs. 1, 2), distin-
guished by the following features of the
crown:

a. Smallness. They were small and rounded
in form, and widely set apart.

b. Notching. There was a broad, shallow
notch in their incisal edge.

c. Wearing down. They wore away rapidly,
removing evidence of the notch.

d. Colour. They had a dirty, greyish enamel
surface.

Hutchinson also noted the important point
that this particular form of defect was not
found on deciduous teeth, although he found
that these were often small, of ‘‘bad colour,’’
and liable to decay. The great French syphi-
lologist Alfred Fournier (1884) gave a more
detailed description of Hutchinson’s inci-
sors, noting the crescentic notch in the inci-
sal edge as the most important feature, but
also recognising that it was soon lost through
wear so that a young adult might show little
evidence of it. He also noted (Fournier, 1884:

Fig. 1. One of the earliest detailed illustrations of
Hutchinson’s incisors (Fig. 3 from Plate VI in Hutchin-
son (1887)). The two permanent upper first incisors have
shortened incisal edges, marked with a broad crescentic
notch, that appears to have been enlarged by wear
which has exposed the underlying dentine. The upper
right canine seems to have a deep furrow-shaped defect
around its tip ‘‘with an excrescence in its centre,’’
whereas the upper second incisors and left canine are
unaffected.
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22) how the length of the incisal edge was
drawn in, creating a screwdriver-tip-shaped
tooth crown ‘‘broader on a level with its neck
than at its free edge.’’ Fournier made it clear
that the permanent upper first incisors were
the main teeth in which these defects were
seen. Tantalisingly, he also pointed out that
the notch was not necessarily apparent in
the teeth when first erupting into the mouth,
but gave little detail about this: ‘‘At the
beginning this notch presents itself, either
filled, or in part occupied, with small, appar-
ently atrophied vegetations of the dental
tissue...’’ and ‘‘...after a few years they com-
pletely disappear, leaving in their place a
smooth crescentic notch’’ (Fournier, 1884:
22–23). It is thus unclear whether or not the
central part of the incisal edge was initially
covered with enamel, or the underlying den-
tine lay exposed even before any wear had
taken place. Later descriptions did not make
it much clearer. Quinlan (1927: 606) stated
that ‘‘the middle denticle is repressed, and
the two lateral denticles proceed in an or-
derly fashion.’’ Bradlaw (1953: 147) found
that ‘‘a minute tubercle of enamel may
project from the center of the notch...or there
may be a thin web of dentine across it,’’ and
that ‘‘...occasionally it appears as a deep
fissure or infolding on both labial and lin-
gual aspects of the enamel.’’ The deformity
thus clearly shows some variation between

congenital syphilis patients. Putkonen (1962:
47) decided that ‘‘the requirement for a
syphilitic upper central incisor was barrel
shape or convergence of both lateral mar-
gins towards the cutting edge,’’ but also
observed that:

1. Some teeth bore a distinct crescentic
notch at the incisal edge.

2. Other teeth bore, instead of the incisal
edge notch, a slight depression on the
labial surface, just next to the incisal
edge.

3. Still other teeth displayed both the inci-
sal notch and labial depression together.

4. A proportion of teeth had the incisal edge
worn flat but, in some of these, the labial
depression was still visible. A series of
dental impressions from one child showed
how the clear notch seen at 7 years of age
was much reduced by 9 years, although
the labial depression was still visible in a
photograph taken at 13 years.

5. Some unworn teeth showed a minute
tubercle of enamel in the middle of the
incisal edge, with taller lobes rising to
mesial and to distal of this, to make the
notch. This contrasts with the normal
arrangement of three approximately
equal sized tubercles, called mamelons,
along the incisal edge of incisors.

Fig. 2. The original illustration of Moon’s molars
(Figs. 12 and 13 of Plate IV, in Moon (1877)). Moon’s
Figure 12 on the left shows a normal permanent lower
left first molar in occlusal (12b) and mesial (12c) views,
whereas his Figure 13 on the right shows similar views
of the defective tooth. Figure 13 is clearly the ‘‘bud
molar’’ mesial outline described by Pflüger (1924), but
13b is apparently designed to emphasise the closeness of
the cusps in occlusal view and, in doing this, the artist

has made them look a little like the cusp nodules of the
very different Fournier’s molar or Karnosh’s ‘‘mulberry
molar’’ (see Fig. 3, below). Moon’s (1877) accompanying
text suggests that he was not intending to illustrate the
latter defect, and his Figure 13b may well be the origin
of some of the confusion seen in the literature. Also
illustrated in Moon’s figures are normal incisors (12a)
and Hutchinson’s incisors (13a).
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6. Other unworn teeth showed a crescentic
patch of poorly formed enamel at the
centre of the incisal edge and, in others,
the enamel was missing from this area.

These changes were seen only in the per-
manent incisors (not the deciduous incisors),
and only those permanent teeth ‘‘in which
calcification starts during the first year of
life’’ (Putkonen, 1962: 47). This is the reason
that permanent upper lateral incisors (also
known as upper second incisors) are not
involved, because their crowns start to form
much later than the other permanent inci-
sors, towards the end of the first year after
birth. ‘‘It is curious, for example, to meet
alongside of notched central incisors the
lateral incisors free from all notching’’
(Fournier, 1884: 24). Both central and lat-
eral permanent lower incisors, however, start
to form at about the time of the upper
centrals and can show similar defects to
those listed above (see the photograph in
Southby, 1981), but these are seen ‘‘more
seldom in the lower incisors’’ (Putkonen,
1962: 47).

Fournier (1884) carefully considered
Hutchinson’s incisors against a background
of more general enamel hypoplasia in the
anterior teeth, which might affect any part
of the crown of any tooth. Such defects
include bands of tiny pits, a deep step, or
merely a furrow or series of furrows, run-
ning around the crown side (Hillson, 1992,
1996; Hillson and Bond, 1997). Fournier
concluded that Hutchinson’s incisor was the
only form of defect which was valuable for
diagnostic purposes, because all others could
be initiated by a variety of growth-disrupt-
ing factors, possibly including syphilis, occur-
ring at any time during the period of tooth
crown formation (roughly the first 15 years
of life, if the third molar is included). Mat-
ters were complicated, however by the influ-
ential papers of Cavallaro (1908, 1909), who
suggested that a whole variety of defects
down the sides of permanent incisor crowns
was also related to congenital syphilis and,
further, that crescentic notches were fre-
quently found in deciduous incisors, as well
as permanent. This latter idea was laid to
rest by Karnosh (1926), and it is now clear
that Hutchinson’s incisors are only a feature

of the permanent dentition. The question of
the relationship between the characteristic
dental stigmata of congenital syphilis and
the much wider range of hypoplastic defects
which occurs quite independently is, how-
ever, still being debated (Condon et al.,
1994).

Fournier (1884: 20) also described a defect
of the permanent canines in which the tip of
the crown was marked around by a sharp
circular groove leaving it as ‘‘a slender coni-
cal stump, which appears as if set in the
body of the tooth.’’ Canines like this, to-
gether with the typical form of the first
incisors in the upper dentition (the later-
formed upper second incisors are unaf-
fected) are shown in an excellent plate (Fig.
1) from Hutchinson’s famous textbook (1887),
which was dedicated to Fournier as his
friend and fellow syphilologist. Jacobi et al.
(1992: 151) described notched canines associ-
ated with Hutchinson’s incisors, but these
might represent the defect described by
Fournier above, after the crown tip had
worn away.

The first description of an equivalent de-
fect of the permanent first molars, character-
istic of congenital syphilis, was given by
Henry Moon (1877: 241), who found that
they were ‘‘exceedingly prone to be smaller
and more dome-shaped than usual.’’ He also
illustrated this defect (Fig. 2), showing a
mesial view in which the cusps are seen to
be set closer together than normal, but with
no furrow or other defect running around
the circumference of the crown. The surface
of the tooth crown thus appears smooth in
spite of the deformity. These teeth have gone
into the literature as ‘‘Moon’s molars,’’ al-
though they are also sometimes labelled
‘‘bud molars’’ (Jacobi et al., 1992; Putkonen,
1962). The latter term describes quite closely
their appearance, and is due to Pflüger
(1924: 606): ‘‘Während der normale Molar
seinen Kleinsten Durchmesser am Zahnhals
und seinen grössten im Bereich der
Kauhöcker har, ist es bei der Knospenform
gerade ungekehrt: die Zahnbasis bildet hier
den grössten Durchmesser.’’ [While the nor-
mal molar has its smallest diameter at the
neck, and its greatest width at the cusps, in
the bud-form these are reversed: the base of
the tooth has the largest diameter.] A com-

28 S. HILLSON ET AL.



pletely different form of permanent first
molar defect, also associated with congenital
syphilis, was described by Fournier (1884:
19–20): ‘‘The body of the tooth for two-thirds
or three-fourths of its height, is in a normal
condition; but its upper segment, on the
contrary, is lessened in all of its diameters —
atrophied, eaten, as it were; separated by a
circular furrow, as though it were set in it. At
first sight one would say it was a smaller
tooth growing out of a larger one, or better
still, ’a stump of dentine growing from a
normal crown’ (Magitot).’’ This Fournier mo-
lar is clearly a prominent defect of enamel
hypoplasia, producing a deep furrow around
the base of each cusp. Just as clearly, it is a
very different defect to that described by
Moon and Pflüger, but there is considerable

confusion in the literature over these terms.
This is largely due to the important paper of
Karnosh (1926: 33), in which the deformed
permanent first molar of congenital syphilis
is ‘‘referred to as a mulberry molar of
Fournier or Moon.’’ The subsequent descrip-
tion, photographs and diagram (Fig. 3) make
it clear that the defect Karnosh was refer-
ring to was that of Fournier and not that of
Moon or Pflüger: ‘‘The whole occlusal sur-
face is rough, pigmented and pinched, with
the exception of two or three nodules of
fairly good enamel huddled together which
represents the poorly developed cusps. All
around this occlusal deformity, the enamel
of sound formation wells out in the form of a
broad collar to the normal size of the crown
at the neck of the tooth.’’ (Karnosh, 1926:

Fig. 3. Reconstruction of a section through a mul-
berry molar (Fig. 10, p. 39 of Karnosh [1926], reproduced
with kind permission from the Archives of Dermatology
& Syphilology, Volume 13, Copyright 1926, American

Medical Association). The plane of section is not clear,
but two of the nodules representing the uncompleted
cusps are sectioned, surrounded by a deep furrow and a
raised rim (marked ‘‘pseudo-cusp’’).
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34). Once again, this is a marked defect of
enamel hypoplasia, running around the base
of all cusps. It corresponds to what has been
described as a plane-form hypoplastic defect
(Hillson and Bond, 1997), in which the upper-
most dome-shaped layers of enamel matrix
that normally complete the cusps of the
crown are missing, to expose the surface of a
layer that would normally be buried deep
under the cusp tips, with a pronounced step
or groove marking the resumption of normal
enamel matrix formation below the defect
(Hillson, 1996). Such defects may arise from
a variety of growth-disrupting factors, but
they are rarely so pronounced as this. Karno-
sh’s photographs and diagrams do not illus-
trate any additional prominent hypoplastic
defects down the crown sides, so his ‘‘mul-
berry molar’’ appears to represent just one
major growth disruption.

In summary, therefore, congenital syphi-
lis appears to be associated with some char-
acteristic, and distinct, deformities or stig-
mata of the permanent dentition:

1. Hutchinson’s incisors—primarily seen in
permanent upper first incisors, but some-
times also in some permanent lower first
or second incisors (never in permanent
upper second incisors or canines). Show-
ing a shortened incisal edge, with the
mesial and distal crown sides bulging out
below it, and marked by a notch of vari-
able shape.

2. Permanent upper or lower canines with a
sharp groove-like hypoplastic defect
around the tip of their single cusp, as
described by Fournier (above).

3. Moon’s molars, or bud molars. Only affect-
ing upper and lower permanent first mo-
lars. All cusps are abnormally closely
spaced, giving a narrow occlusal area
relative to the bulge of the crown sides.

4. Fournier molars, or more commonly mul-
berry molars. Also only affecting perma-
nent first molars. Showing a marked
plane-form hypoplastic defect, cutting
sharply into the bases of all the cusps.

Possible deformities of the deciduous den-
tition are more of a problem. Even Cavallaro
(1908, 1909) recognised that defects were
considerably less common in these teeth.
The only real candidate for a characteristic
deformity is the occurrence of a pitted hypo-

plastic defect (Hillson, 1996; Hillson and
Bond, 1997) around the base of the cusps in
deciduous second molars (Karnosh, 1926).
This would certainly conform in develop-
ment timing to the defects seen in the perma-
nent teeth (see below). The case study of de
Wilde (1943) is particularly interesting in
this context. Deciduous first incisors from a
3-year-old child with congenital syphilis
showed no defect of the enamel, but dis-
played a prominent ring-like narrowing of
the root just below the neck of the tooth. In
this position, the disturbance causing the
defect would have occurred just after birth
(the deciduous first incisor crown is almost
complete at birth and the root starts to grow
a few weeks afterwards), and microscope
examination of tooth sections confirmed that
a corresponding zone of defective dentine,
inside the root, followed the neonatal line
which marked the point of birth (Dean et al.,
1993; Hillson, 1996; Schour, 1936).

This question of timing was further ad-
dressed by Putkonen (1963), who related the
occurrence of Hutchinson’s incisors in chil-
dren with congenital syphilis to the age at
which antibiotic treatment was started. Out
of 36 patients, only seven displayed clear
Hutchinson’s incisors, ‘‘and these all be-
longed to the group of 15 whose treatment
was not started before they were 3 months
old’’ (Putkonen, 1963: 245). This implies that
the disruptions to dental development asso-
ciated with congenital syphilis most com-
monly occurred during the first few months
after birth, a suggestion that matches the
likely timing of the defects in relation to the
sequence of tooth crown formation (see be-
low).

DESCRIPTION OF SPECIMENS

At one time, specimens of Hutchinson’s
incisors, Moon’s molars, and mulberry mo-
lars appeared routinely in practical classes
for dental students but as congenital syphi-
lis became rare in general practice, they
were put to one side or thrown away. As a
result, it is nowadays difficult to find well-
documented specimens, and few anthropolo-
gists or palaeopathologists have seen them.
Two specimens are, however, available in
the Odontological Museum of the Royal Col-
lege of Surgeons of England, and the pur-
pose of the present article is to describe and
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illustrate them as a point of reference for
other workers. Detailed examination of the
surface was possible, but the rarity of these
specimens meant that they could not be
sectioned.

Catalogue number D33.633,
mulberry molars

Description. This specimen comprises the
upper and lower left and right permanent
first molars (Fig. 4) of one individual, ‘‘from
a male aged 9 years the subject of congenital
syphilis’’ (catalogue entry). The roots are
still not quite completed, as would be ex-
pected of first molars extracted at the stated
age. In the upper molars, all four cusps are
marked by a sharp groove, defining the edge
of the hypoplastic defect. The upper right
molar is illustrated in detail (Fig. 5) and in
this tooth the mesiobuccal (Fig. 6B) and

distobuccal (Fig. 6A) cusps are represented
by large nodule-like structures, with a sharp,
undercut groove at their base on the buccal
side, running round to the mesial side of the
mesiobuccal cusp, and distal side of the
distobuccal cusp. The lower rim of this groove
bulges upwards and then curves over gradu-
ally into the crown side. The mesiolingual
cusp (Fig. 6D) is outlined by groove defects
on its mesial and lingual sides, but its
enamel tip has broken away to expose a
conical protrusion of the underlying dentine.
There is still some enamel remaining at the
base of the nodule and this is connected to
the mesiobuccal cusp by a flange-like struc-
ture, also undercut by the groove defect
which represents the developing mesial mar-
ginal ridge. All three large cusps of the
upper molar trigon—the mesiobuccal, mesio-
lingual, and distobuccal—are therefore
united by the occlusal area in between them,
and the groove defect marks mainly the
distobuccal corner, buccal side, mesiobuccal
corner, mesial side, and mesiolingual corner

Fig. 4. Permanent first molars showing the Fournier,
or mulberry molar defect, from Odontological Museum
specimen D33.633, seen in buccal view. The two upper
molars are on the top row (the upper right tooth is on the
left of the picture), and the lower molars are on the
bottom row (the lower right molar is on the left of the
picture also). Figures 4–9 are reproduced by kind permis-
sion of the Royal College of Surgeons of England.

Fig. 5. Occlusal view of the permanent upper right
first molar from specimen D33.633. The buccal side is at
the top and the mesial side to the right.
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of this trigon. The distolingual cusp (Fig. 6C)
nodule is much smaller than the other three,
and is almost completely surrounded by the
groove defect, although it is united to the
occlusal surface by narrow, bridge-like struc-
tures. The main furrow defect of the trigon
of larger cusps is similarly interrupted by
bridges of more normal enamel, most nota-

bly at the distobuccal corner (Fig. 7A), but
also at the middle of the buccal and mesial
sides.

Under the scanning electron microscope,
the surface of the crown side below the
defect is marked in the normal way by
perikymata (Fig. 7), which are the external
expression of the regular layering of enamel

Fig. 6. More detailed occlusal views of the four
individual cusps in the specimen shown in Figure 5.

(A) Distobuccal cusp. (B) Mesiobuccal cusp. (C) Disto-
lingual cusp. (D) Mesiolingual cusp. Epoxy resin replica,
examined in a Hitachi S570 scanning electron micro-

scope, using an Everhart-Thornley detector configura-
tion, operated at 20 kV. Field width for each image is
5.8 mm. Note the bubbles, which are difficult to avoid
with this technique.
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formation in the crown (Hillson, 1992, 1996;
Hillson and Bond, 1997). They show no
evidence of further disruption following the
defect at the base of the cusps. The rim of the

defect, as it curves over onto the crown side,
is also marked by perikymata, as are the
bridge-like structures which cross the groove
of the defect (Fig. 7A). By contrast, the
surface of the cusp nodules does not show
the expected perikymata, but is marked all
over by Tomes’ process pits (Fig. 8), each
marking the position of an enamel matrix
secreting cell at the point when it was
interrupted. In effect, the bulging surface of
these cusp nodules marks the layer of enamel
matrix which was forming at the time that
the defect was initiated.

The lower right molar is similarly illus-
trated (Fig. 9). In this tooth, the only cusp
nodules to survive intact (i.e., they have
not broken away) are the mesiolingual and
distolingual. They also have their sur-
faces marked by Tomes’ process pits, and
have a sharp, undercut groove at their
base along the lingual side. On the mesial
and distal sides, respectively, there is a
bridge-like structure of normal enamel pass-
ing down from the cusp nodule, over the
defect and onto the crown side. Both of

Fig. 7. Buccal views of the specimen shown in Figure
5, with the occlusal surface facing downwards. (A)
Buccal crown side and distobuccal cusp, with a deep
furrow around its base interrupted by a ‘‘bridge’’ of more
normal enamel, marked by the fine lines of the periky-
mata. (B) Mesiobuccal cusp with deep furrow around its
base, and regular perikymata on the crown side below.
Original, uncoated specimen, examined in a Hitachi
S570 scanning electron microscope using the Everhart-
Thornley detector, operated at 2 kV with a large tilt
angle to minimise charging problems (Goldstein et al.,
1992). Field width for each image is 5.8 mm.

Fig. 8. Detail of the distal surface of the nodule
representing the distolingual cusp of the specimen shown
in Figure 5. The whole surface is dotted with small
circular depressions (each about 4 µm in diameter),
which are the Tomes’ process pits marking the positions
of enamel matrix-forming cells at the point when the
disruption to crown development occurred. Epoxy resin
replica, examined in a Hitachi S570 scanning electron
microscope, using the Everhart-Thornley detector con-
figuration, operated at 20 kV. Field width 220 µm.
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these, and the rim marking the lower edge of
the defect, show perikymata under the scan-
ning electron microscope. The enamel of the
mesiobuccal cusp has fractured away, expos-
ing the underlying dentine, but enough
enamel survives at the base to show that it
was connected to a flange-like structure at
the mesial end of the crown, marking the
developing mesial marginal ridge. Cusp nod-
ules are not present for the centrobuccal
and distobuccal cusps, although it is not
clear whether or not enamel was originally
present in these locations, or whether the
nodules have fractured away like the mesio-
buccal nodule. They are marked by depres-
sions, surrounded by the rim of the groove
defect.

The crown diameters for all four molars in
this individual, as defined by the main bulge
of the side, are within the normal range for
permanent first molars. In addition, the
spacing of the cusps is normal, in spite of the
prominent defect.

Interpretation. This specimen shows the
classic mulberry molar or Fournier molar
defect described in the literature cited above.
In the upper first molar, formation of the
tooth crowns was interrupted sharply, be-
fore the final enamel matrix increments
over the four cusps had been laid down, but
after the three cusps of the main trigon had
been united to form the outline of the occlu-
sal surface. Here and there, matrix forma-
tion continued without interruption, to cre-
ate the bridge-like structures of normal
enamel across the defect, which have been
described previously (Boyde, 1970). Enamel
matrix formation did not resume over the
cusps after the disruption, but it did restart
at the base of the cusps, to build first a
bulging rim which deepened the defect into
a sharp groove, followed by a normal crown
side. The early formation sequence of both
upper and lower permanent first molars is
quite well known from work with tooth
germs dissected from aborted foetuses (But-
ler, 1967a,b; Christensen and Kraus, 1965;
Kraus and Jordan, 1965). Dentine and
enamel formation are initiated at separate
centres underlying the cusps, in a clear
order. For upper first molars, the mesiobuc-
cal cusp starts first, followed by the mesiolin-
gual, which is followed rapidly by the disto-
buccal cusp (although the difference between
the last two may be very small), and finally
the distolingual cusp. For lower first molars,
the order is mesiobuccal first, then mesiolin-
gual, centrobuccal (Hillson, 1996), distolin-
gual, and lastly distobuccal. In both upper
and lower permanent first molars, the earli-
est dentine and enamel matrix formation
may start in some foetuses a little before 28
weeks after conception. By 36 weeks after
conception, the time normally accepted as
‘‘term’’ (although birth may vary between 34
and 42 weeks after conception), all foetuses
show at least dentine and enamel formation
in the mesiobuccal cusp, and most show it in
the mesiolingual cusp as well, while in a few
the distobuccal cusp may have started, too
(Christensen and Kraus, 1965). The distolin-
gual cusp has not usually started at this
stage. Within one individual, lower first
molar development is slightly in advance of
upper first molar development. From these
timings, it is clear that the defect shown in
the mulberry molars of specimen D33.633

Fig. 9. Occlusal view of the lower right first molar
from specimen D33.633. The lingual side is at the top
and the mesial side on the right.
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described here is extremely unlikely to have
been caused before birth and, in fact, prob-
ably occurred some weeks after birth, al-
though the interval cannot be estimated
simply. It is assumed that the defect is
related to the subject’s congenital syphilis
condition, although there is no direct proof
of this because there is no evidence of any
major growth disruption either before or
after the main defect.

Catalogue number D33.632, Hutchinson’s
incisors and Moon’s molar

Description. This specimen comprises the
upper right and left permanent first and
second incisors, with the upper left perma-
nent first molar, from one individual (Fig.
10). It was presented by Sir Frank Colyer,
who established most of the Odontological
Museum collections during the first part of
the present century, and is best known for
his Variations and Diseases of the Teeth of

Animals (Colyer, 1936; Miles and Grigson,
1990).

The incisal edge of the upper first incisors
(Fig. 11) is shortened, and the mesial and
distal crown sides bulge out below it, giving
the labial outline of the crown the pumpkin
seed-shaped quality described by Jacobi and
colleagues (1992). Considerable occlusal
wear has created a curved facet at the
incisal edge, exposing a broad band of den-
tine and creating a shallow notch. This wear,
however, makes it very difficult to see what
the original defect was like. As examined in
the scanning electron microscope, the crown
side is marked by perikymata which follow a
normal contour (Fig. 12). There is no sign of
any major defect, although some very minor
furrow-form hypoplastic defects can be seen
in the cervical third of the crown side. The
second incisors (Fig. 10) show no sign of the
incisal edge shortening, or notch, although
the variation in prominence of the periky-

Fig. 10. Odontological Museum specimen D33.632;
labial/buccal views of Moon’s molar and Hutchinson’s
incisors. Arranged from left to right in the following
order—permanent upper left first molar, upper right

second (lateral) incisor and first (central) incisor, upper
left first incisor and second incisor. Figures 10 to 14 are
reproduced by kind permission of the Royal College of
Surgeons of England.
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mata down the first incisor side can be
matched between the parts of the crown
sides formed at the same time in these two
teeth (Dean et al., 1993; Hillson, 1992, 1996).

The first molar (Figs. 10, 13) shows no
sign of any hypoplastic defect, and the crown
sides are smooth, with perikymata of nor-
mal spacing and contour (Fig. 14). Viewed
from the occlusal aspect, however, the cusps
are markedly closer together than normal
(Fig. 13). The occlusal surface is therefore
relatively small, while the maximum diam-
eter of the crown, as defined by the bulge of
the crown sides, is normal for an upper first
molar. This gives the crown a somewhat
spherical form, looking quite like the swol-
len bud of a plant about to burst.

Interpretation. The upper first incisors
correspond closely to the descriptions of
Hutchinson (1858) and Fournier (1884) for

the deformity now commonly known as
Hutchinson’s incisor. The pattern of wear
has presumably exploited the original defect
to produce a distinctive notch, and the draw-
ing-in of the mesial and distal crown sides
adds to the distinctive form. It would only
take a little more wear, however, to remove
enough of these features to render diagnosis
impossible. No details of the original form of
the incisal edge are preserved, although
enough of the crown side remains to show
that the growth disruption responsible for
the deformity occurred in the very first part
of the development sequence of the tooth.
Little is known of the incisor development
sequence, but work with the tooth germs of
deciduous incisors from aborted foetuses
(Kraus, 1959) has shown that the central
part of the incisal edge is the first to start
formation of dentine and enamel matrix.
Normal incisors have three main lobes called

Fig. 11. Upper left incisor from specimen D33.632,
showing the labial surface with the incisal edge tilted
towards the camera. It shows the characteristic narrow-
ing of the incisor edge, together with a broad notch
exposing the dentine, described in the original accounts
of Hutchinson’s incisor.

Fig. 12. Labial crown side of the specimen shown in
Figure 11, with the incisal edge to the top. The horizon-
tal lines running across the surface are the perikymata
which mark normal enamel matrix formation. Some of
these are exaggerated into minor furrow-like defects
representing the minimum expression of defect seen in
the much more common generalised forms of enamel
hypoplasia (see text). Epoxy resin replica, examined in a
Hitachi S570 scanning electron microscope, using an
Everhart-Thornley detector configuration, operated at
20 kV. Field width 4 mm.

36 S. HILLSON ET AL.



mamelons on the incisal edge (rather rap-
idly worn away but visible in newly erupted
teeth), and the first mineralised tissue is
laid down under the central one of these. As
this development centre grows, it forms
‘‘shoulders’’ that ultimately develop into the
mesial and distal mamelons, which thus do
not develop from separate centres. The logi-
cal explanation of the notch in Hutchinson’s
incisors is that a disruption to the earliest
formation of the crown, under the central
mamelon, caused the later formed mesial
and distal mamelons to become more closely
spaced than normal. The timing of this,
however, is unclear. Most studies of the
postnatal development of teeth are based
upon radiographs, and various constraints
on this technique have meant that the early
development of the incisors is poorly covered
(Anderson et al., 1976; Fanning and Brown,
1971; Haavikko, 1970; Moorrees et al., 1963).
The widely used table of Schour and Massler

(1940) suggests that upper first incisors, and
lower first and second incisors, start to form
between 3 and 4 months after birth, but it is
unclear what these figures are based upon
(Smith, 1991). Recently, a histological study
of incremental structures in several teeth
from a single individual suggested that the
lower second incisor started to form around
the time of birth (Dean et al., 1993). This
would imply that enamel formation in the
upper first incisors might, if anything, start
slightly before birth in some individuals,
although none of the literature describes a
neonatal line (marking the point of birth) in
permanent incisors—such lines are consis-
tently described in permanent first molars
and all deciduous teeth (Bouyssou et al.,
1957; Dean et al., 1993; Schour, 1936). In
any case, for the specimen described here it
is not possible to see whether or not any
enamel matrix had been secreted before the
growth disruption occurred, because this
part has been worn away and no clear
conclusions can be drawn.

The fact that no hypoplastic defect is
visible on the surface of the cuspal enamel in

Fig. 13. Occlusal view of upper left first molar from
specimen D33.632, showing the crowding together of the
four cusps. The buccal side is at the top and the mesial
side to the left.

Fig. 14. Buccal side of the distobuccal cusp in the
specimen shown in Figure 13, with the cusp tip at the
top. The horizontal lines are the perikymata which
mark normal enamel matrix formation from the tips of
the cusps down to the cervical part of this tooth. Epoxy
resin replica, examined in a Hitachi S570 scanning
electron microscope, using the Everhart-Thornley detec-
tor, operated at 20 kV. Field width 250 µm.

37DENTAL DEFECTS OF CONGENITAL SYPHILIS



the first molar suggests that no serious
disruption occurred during the formation of
the underlying enamel matrix. It would be
expected that any such disruption would
show itself by either a plane-form or a
pit-form defect in this part of the crown.
This in turn implies that whatever caused
the cusps to be spaced abnormally close
together occurred before the onset of enamel
matrix formation in this tooth. Unfortu-
nately, this is the only Moon’s molar in the
collection of the Royal College of Surgeons,
and it is not possible to section it. The exact
nature of the defect which causes the defor-
mity of Moon’s molars cannot, therefore, be
determined until further material becomes
available. It could either be a disruption to
the morphogenesis of the tooth germ before
deposition of dentine and enamel matrix
was started, or some variation in the thick-
ness of the buried increments of enamel
matrix, as suggested above. The latter, how-
ever, might be expected to produce some
deficiency on the outer surfaces of the cusps,
as well as on the sides facing the occlusal
surface, and this has not happened.

DISCUSSION

The first question to be addressed is
whether or not these deformities of the teeth
can be used to diagnose congenital syphilis
in palaeopathology, or whether they overlap
the wide range of defects of enamel hypopla-
sia seen in individuals with no history of the
disease (Condon et al., 1994). The specimens
of mulberry molars described here clearly
overlap with other plane-form hypoplastic
defects, which could be caused by a whole
range of growth-disturbing factors, so this
deformity cannot be seen as pathognomonic
of congenital syphilis. Putkonen (1962) ex-
cluded such teeth from a clinical study of
congenital syphilis patients in Finland. The
detailed form of the defect, however, is at
least unusual in its location and the sharp-
ness of the furrow marking its edge, imply-
ing a particularly abrupt resumption of
enamel matrix formation. This in itself can
be seen in other defects from time to time
but, combined with the location of the defect
at a particularly early stage in the crown
formation sequence, it would at least be
suggestive of congenital syphilis.

The Hutchinson’s incisors and Moon’s mo-
lars described here are unlike any other
defect and, in such a pronounced form,
should be pathognomonic of congenital syphi-
lis. Putkonen (1962) found that, out of 235
patients treated for congenital syphilis, 45%
of those with permanent first incisors had
the clear syphilitic form by his definition
(above) and 22% of those with first molars
had definite Moon’s molars. This contrasted
with only 12% of patients whose limbs were
radiographed, showing evidence of cortical
thickening relating to periostitis. Dental
stigmata would, therefore, seem to have a
diagnostic advantage over osseous deformi-
ties, and the teeth are usually better pre-
served than bones at archaeological sites.
The difficulty may lie in variation, which
cannot, of course, be investigated with one
specimen, and the fact that even a little
occlusal wear would remove many of the
diagnostic features. Some studies, for ex-
ample Putkonen (1962, 1963) or Sarnat and
Shaw (1942), have recorded a ‘‘possibly syphi-
litic’’ category of incisors when the incisal
edge has been worn flat and there is no
evidence of the notch, but it is still possible
to see convergence of the mesial and distal
sides. This is difficult, because there is nor-
mal variation in the labial outline of the
upper first incisors (Jordan et al., 1992), and
it would not provide strong evidence for
diagnostic purposes.

What has never been clear, however, is the
precise nature of the disruption to tooth
crown formation which is caused by congeni-
tal syphilis, and the reason for its very short
duration. Most infants with congenital syphi-
lis show no visible signs of the disease at the
time of birth, and some weeks may elapse
before they do, although the majority start
to show some symptoms by 2 months after
birth (Jeans and Cooke, 1930). Similarly,
several weeks may elapse before a positive
serological reaction develops in the infant
(Parker and Collier, 1990). This is because
any antibody involved with immune re-
sponse in the foetus in utero comes from the
mother, and it takes time for the baby to
develop its own immune response after birth.
Bauer (1944) investigated the histopathol-
ogy of the jaws in a small number of children
with congenital syphilis, including stillborn

38 S. HILLSON ET AL.



foetuses and babies dying soon after birth.
He showed convincingly that the enamel
organ of the developing tooth germ was
invaded by Treponema pallidum and that
levels of these microorganisms decreased
with increasing age of the infant. Histologi-
cal evidence of inflammatory response in the
enamel organ was, however, much less ap-
parent in the stillborn foetuses than it was
in the infant specimens. From this, it seems
more likely that the crown growth disrup-
tion caused by congenital syphilis occurs
after birth rather than before. This is borne
out by the mulberry molar specimen de-
scribed here, where the defect clearly oc-
curred some weeks further on in the crown
development sequence than would normally
be expected at birth. It is less clear why a
disease that shows gradual changes in its
other clinical manifestations should show
such an abrupt and apparently short-lived
change in the teeth.

If, as has been suggested above, the Moon’s
molar described here represents a disrup-
tion of the development of the tooth germ
before enamel matrix formation started, then
this does not necessarily mean that the
disruption occurred before birth. Two types
of variation need to be borne in mind. First
is variation in the time at which permanent
first molar dentine and enamel formation
start, which may be less than 28 weeks after
conception, varying up to 32–36 weeks. Sec-
ond is the variation in gestation period,
because the interval between conception and
birth may range from less than 34 weeks to
over 42 weeks, and babies with congenital
syphilis typically have a low gestational age
(Rawstron et al., 1993). It is thus perfectly
possible that, in a child born prematurely,
the first molars could not yet have started to
form. Whatever the timing involved, how-
ever, the finding of matching defects in the
cusps of the first molar and the central part
of the first incisor suggests that they are
closer together in the start of their crown
development than is proposed by standard
tables based upon radiographic evidence
(above). This is an important point in the
establishment of chronologies for dental de-
velopment, which are used widely for both
forensic and archaeological purposes in de-
termining age-at-death.

CONCLUSIONS

This article presents rare museum speci-
mens showing the dental defects numbered
among the classical stigmata of congenital
syphilis. They appear to represent a single
disruption to tooth crown formation a few
weeks after birth, but not in utero, or during
the later development of the teeth. It is
hoped that more specimens may be found,
which could be sectioned in order to investi-
gate these defects further.
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