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AsstracT: Syphilis in the United States during the 1800s and 1900s had a high prevalence rate causing great
concern to health officials. Various measures were taken to control its spread. Mercuric treatments were
used up until the introduction of penicillin. The aim of this paper is to determine whether dental abnor-
malities related to congenital syphilis in individuals who died of syphilis or syphilis-related causes, in the
Hamman Todd Osteological Collection, occur and whether mercurial treatment was effective. Hutchinson,
Moon and Fournier’s works were analyzed to determine dental abnormalities associated with congenital
syphilis and its treatments and used as criteria. Hillson et al. (AJPA,107:25-40) standardized method of
description of dental changes was used. In the Hamman Todd Osteological Collection in Cleveland, Ohio,
102 individuals had cause of death recorded in the catalogue as syphilis or lues, and 69 had causes of
death relating to syphilis which included paresis (53), aortic insufficiency (15) and pericarditis (1). Thus
altogether 171 individuals were studied. Dentition was examined to determine if dental abnormalities
associated with congenital syphilis and its treatments were present in individuals not recorded as having
congenital syphilis. Crania were examined for any osteological changes. One individual (2266) demonstrat-
ed dental malformations possibly related to the congenital disease itself, while three demonstrated dental
abnormalities associated with mercuric treatments in childhood (2118, 2263 and 3097). No remarkable
bone pathologies were evident on any skull. The use of pre-penicillin treatment of congenital syphilis may
have been effective to maintain health into adulthood but not always in eradicating the infection. Effects
of mercury on enamel formation and bone changes, need to be considered when making a differential di-
agnosis of syphilis/congenital syphilis.
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Introduction early 1900s, with reportable cases in-

creasing from 145.3 (per 100 000) in
Syphilis in the United States was a high- 1920 to 359.7 in 1940 (United States
ly prevalent disease that caused public Census Bureau 1999). Various actions
health concerns during the 1800s and were taken by some states to contain
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the disease, including the introduction
of public programs and legislations. Pro-
grams ranged from dark-field microscopy
to free, pay, and part-pay clinics (Lancet
1937a). To control the congenital form
of the disease, legislation included com-
pulsory premarital and prenatal blood
tests. Those applying for a marriage li-
cense were required to have a premari-
tal examination for syphilis and submit
a certificate from a physician stating
whether they were free from the disease
or whether it was communicable if pres-
ent (Lancet 1938a; Prebble 1938; Lancet
1940a; DePorte 1941). The restrictions
by law varied between states. The pre-
natal examination required a pregnant
woman to be tested for syphilis either
during pregnancy or at the time of deliv-
ery. The birth certificate of the infant had
to show whether a blood test for syph-
ilis was made, the date of the test, and
the results (Lancet 1938a; Lancet 1940b;
DePorte 1941). Again, the conditions of
the laws varied between states. Other
control measures were also taken to con-
tain the disease. Federal grants increased
yearly to provide treatment and educa-
tion to infected individuals and the gen-
eral public (Lancet 1939). The number of
treatment centers for syphilis reporting
to public health services through state
health departments increased from 713
in 1936 to 1773 in 1939 (Lancet 1939).
Various methods were also employed to
inform the public of syphilis: the daily
press, radio, popular magazines, jour-
nals, lectures, posters, sound films, and
pamphlets (Prebble 1938).
Chemotherapies including mercury,
arsenic and bismuth were used in the
United States to treat syphilis, includ-
ing in Cleveland, Ohio (Cole et al. 1929;
Conrad and McCann 1922; Lancet 1922),
while mercury, arsphenamine, and potas-

sium iodide were used to treat congeni-
tal syphilis (United States. Public Health
Service. Division of Venereal Diseases
1930). In the United States, the most
common method of administering mer-
cury was by injection intramuscularly or
by inunction/rubs (ointments) (Wile and
Elliott 1917; Conrad and McCann 1922;
United States. Public Health Service. Di-
vision of Venereal Diseases 1930; Can-
non and Karelitz 1931; Lancet 1937b).
The efficacy of mercury as a form of
treatment for syphilis has been debat-
ed (Weatherill 1833; Goldwater 1972;
O’Shea 1990; Swiderski 2008; Zuckerman
2016) even though mercury is known to
be spirilocidal, reducing the number of
spirochetes in cutaneous lesions (Keogh
1913; O’Shea 1990), and inducing a Jar-
ish-Herxheimer reaction (Holmes 1984).
Some physicians found mercury to be ef-
fective in producing negative Wasserman
reactions (Conrad and McCann 1922;
Wakerlin 1934), and in resolving signs
and symptoms of the congenital syphilis
after treatment (Lancet, 1858; Lancet,
1881; Lancet, 1885; Fedtchenko, 1898;
Hutchinson 1888). However, there are
those who argue that there are various
issues that need to be considered, and
there is no sufficient evidence to support
the effectiveness of mercury. Some of
the issues raised include that there are
no in vitro studies to support mercury’s
efficacy (O’Shea 1990); that prior to the
discovery of Treponema pallidum, it was
difficult to diagnose syphilis, so those
who were treated with mercury were
presumed to have syphilis; mercury was
used to treat skin lesions of the primary
and secondary stage of the disease which
would often clear in a few weeks without
any treatment, appearing ‘cured’ rather
than considering the nature of disease,
and mercury was known to cause severe
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side effects (Goldwater 1972; Swiderski
2008). Without in vitro studies, it is dif-
ficult to establish whether mercury was
an effective form of treatment for syph-
ilis. Even after the introduction of other
treatments such as arsenic and bismuth,
mercury was still used on its own and
in combination with these treatments
(Wakerlin 1934; Norris et al. 1939; Unit-
ed States. Public Health Service. Division
of Venereal Diseases 1930), producing
mixed results.

Venereal syphilis manifests in three
stages, primary, secondary and tertiary.
While skeletal involvement is rare dur-
ing the primary stage (Ehrlich and Kri-
cun 1976), and minor during the sec-
ondary stage (periosteal lesions, osteitis)
(Ortner 2003; Powell and Cook 2005),
these are not diagnostic of the disease.
Diagnostic skeletal lesions occur during
the tertiary stage of the disease. They
are considered to be the caries sicca se-
quence of calvarial changes, and nodes
and expansion with superficial cavitation
in long bones (Hackett 1975). However,
it should be noted that not all individ-
uals infected with syphilis will devel-
op bony changes, with frequencies of
such changes occurring between 10%
and 25% (Steinbock 1976) and 2-13%
(Rothschild 2005). In congenital syphi-
lis, most cases present with some form
of bone manifestations during the early
and late stages of the disease, however,
in approximately 50% to 75% of cases,
the bony changes will be minimal or will
heal, thus not appearing in skeletal re-
mains (Steinbock 1976). Skull involve-
ment occurs in approximately 5% to 10%
(Steinbock 1976), also not making it a
dependable indicator of the disease.

In congenital syphilis, lesions will
vary depending on the stage of the dis-
ease (early or late). Metaphysitis, peri-

ostitis, (Rosen and Solomon 1976; Sa-
chdev et al. 1982; Rasool and Govender
1989), osteochondritis, osteomyelitis
(Jaffe 1972), and diaphystitis (Rasool
and Govender 1989) have been observed
during the early stages of the disease.
Signs observed during the late stage
include frontal bossing, short maxilla,
high arch palate, saddle nose (destruc-
tion of nasal bridge and cartilage), Hig-
ouménakis’ sign (sternoclavicular thick-
ening), flaring scapulae, Hutchinson’s
teeth, Moon’s molars, and Fournier’s
molars (Yang 1940; Fiumara and Lessell
1970; 1983).

Dental abnormalities observed in
congenital syphilis are those produced
by the disease itself, and those pro-
duced by treatments containing mercu-
ry. Those considered characteristic of
the disease include Hutchinson’s incisor
(notched), and Moon’s dome shaped mo-
lar (Hutchinson 1859; 1863; Moon 1877;
Fiumara and Lessell 1970; Hillson et al.
1998). Other distinct dental signs associ-
ated with congenital syphilis in the per-
manent dentition include sharp grove-
like hypoplastic defects around the cups
of the permanent canines, and Fournier’s
molars which demonstrate a plane-form
hypoplastic defect cutting into the base
of the cusps (Hillson et al. 1998). These
dental changes are the result of inflic-
tions caused by the early stage of the
disease. While Fournier’s molars have
been observed in some cases of congeni-
tal syphilis, they are not considered to be
characteristic of the disease, as they are
said to occur in other growth and devel-
opment conditions (Harper et al. 2011).
Dental abnormalities produced by mer-
cury are distinct from those produced
by the disease itself (Hutchinson 1878;
Moon 1884; Ioannou et al. 2016). The
first permanent molars are considered
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the “test teeth” in reference to mercury,
unlike the upper central incisors, which
are the “test teeth” for the disease itself
(Hutchinson 1878; Hutchinson 1888),
although other teeth may also be affect-
ed by mercury. Rather than affecting the
entire shape of a tooth during odon-
togenesis, as the disease does, mercury
disturbs only the formation of enamel
(amelogenesis). In severe cases, mercu-
ry can affect dentine and cause molars
to appear dwarfed (Hutchinson 1878).
Molars affected by mercury display de-
ficiencies in enamel on the occlusal sur-
face and to varying degrees, appear rug-
ged, pitted and dirty (Hutchinson 1878).
In some cases, dentine is observed with
multiple discolored tubercles or spines
(Hutchinson 1878). The whole occlusal
surface can be affected or in patches. The
incisors and canines are also affected by
mercury. They display linear enamel hy-
poplasia that crosses all incisors and ca-
nines at the same level corresponding to
crown formation times. Enamel between
the linear enamel hypoplasia and the in-
cisal edge or tip of the crown is deficient.
In cases where mercury has been used
to treat congenital syphilis, the crescen-
tic notch is never replicated (Hutchin-
son 1878). However, dental abnormal-
ities produced by both the disease and
its treatment have been observed in the
same individual and the crescentic notch
is present (Hutchinson 1878).

The Hamman-Todd collection at the
Cleveland Museum of Natural History in
Cleveland, Ohio, was visited in 2016 to
examine dentitions and skulls of all in-
dividuals with a cause of death record-
ed as syphilis or relating to syphilis. The
purpose of this paper is to describe den-
tal changes of individuals whose cause
of death is explicitly given as syphilis or
syphilis-related. Since there is evidence

in the literature that mercury was used
to treat syphilis in the United States,
including Cleveland, Ohio, we are inter-
ested to see whether there is any den-
tal evidence that mercury was used and
whether or not it was effective.

Materials and Methods

The original works of Hutchinson, Moon
and Fournier were analyzed to deter-
mine the dental abnormalities associ-
ated with congenital syphilis and treat-
ments containing mercury (Hutchinson
1859;1863; 1874; 1878; 1887, 1888;
Moon 1877; 1884; Fournier 1886). The
criteria used to identify dental stigmata
associated with congenital syphilis in-
clude Hutchinson’s clinical observations
of teeth in patients with congenital syph-
ilis, Moon and Fournier’s description of
the first permanent molars, and Hillson
and colleagues (1998) summary of char-
acteristic and distinct deformities in the
permanent dentition. To identify den-
tal abnormalities associated with treat-
ments containing mercury, Hutchinson’s
descriptions and illustrations of patients
with congenital syphilis treated with
mercury were used for comparison.

The Hamman Todd collection in
Cleveland, Ohio consists of unclaimed
individuals, who died between 1912 and
1928. Out of the 3726 cadaver-derived
human skeletons, a total of 171 individ-
uals who died from syphilis or syphilis
related issues were examined. Out of
171 individuals, 102 were recorded in
the catalogue as having a cause of death
of syphilis or lues, while 69 were record-
ed as having a cause of death related to
syphilis. The causes of death related to
syphilis included paresis (53), aortic in-
sufficiency (15) and pericarditis (1). It is
possible that these recorded deaths were
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medically diagnosed as Dr. Wingate Todd
(who began the collection), documented
age at death, sex, stock, cause of death,
pathologies, and if possible, a case his-
tory of each individual (Krogman 1939).
However, this is difficult to determine
due to the lack of medical documen-
tation, and as such signs of congenital
syphilis and its treatments sought for.

Dentitions of the 171 individuals were
examined to determine whether certain
dental abnormalities associated with con-
genital syphilis and its treatments were
present. Although the notes of causes
of death did not distinguish between ac-
quired and congenital syphilis, it can be
expected that congenitally infected indi-
viduals would be among those dying later
in life of syphilis, lues or related causes.
Four individuals were recorded in the cat-
alogue as having congenital syphilis but
were no longer in the collection (were re-
patriated, returned to families), therefore
were excluded from this study.

The dentitions were studied to de-
termine: (1) whether any individuals
suffered from congenital syphilis during
childhood, which had not been reflected
in documentation, and (2) types of den-
tal stigmata that may be present related
to congenital syphilis or its treatments.
Since it is only recently, that dental signs
associated with treatments containing
mercury have been applied to paleopatho-

logical cases (Ioannou et al. 2015; 2016),
this was an element that wanted to be
explored in this collection. The cranial
skeleton of individuals displaying dental
abnormalities was then examined for any
bone pathologies. To identify the stages
of the caries sicca sequence, Hackett’s
(1975) standardized method was used.

Results

The average ages at death for the indi-
viduals in the sample of 171 who died of
syphilis are as follows: black adult males
(46.5yrs), black adult females (39.2yrs),
black females including one 13-year-old
(37.8yrs), white adult males (52.6yrs),
and white adult females (53.9yrs). These
results fall within the average age at death
range of the entire population for their
respective groups in the data collected
between 1910 and 1925 by the United
States Census Bureau (1999) (Table 1).

In the 171 individuals, no remarkable
bone pathologies were evident on any
skull in the sample.

Dental Observations of four
individuals from Hamman-Todd
Collection

Four out of 171 individuals demon-
strated dental malformations, 2266,
2118, 2263 and 3097.

Table 1. Newborn life expectancy between 1910-1925 in death registration states of Unites States of Amer-
ica and average age at death of individuals having died from syphilis or syphilis related causes in the

Hamman Todd Osteological Collection

United States Census Bureau newborn life expec-
tancy between 1910 and 1925 in death registration

states in the United States

Age at death in Hamman Todd Osteological Collec-

tion, Individuals with syphilis

1925 1910 Average SD Min-max
Black males 33.8 44.9 46.5 12.9 22-84
Black females 37.5 46.7 39.2 11.7 22-73
White males 48.6 59.3 52.6 11.4 33-80
White females 52.0 62.4 53.9 15.9 28-77
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Individual 2266

Individual 2266 is a 44-year-old African
American male. Cause of death was aortic
insufficiency. All teeth are present except
the left second premolar and the right
first permanent molar. The upper central
incisors demonstrate uneven incisal edg-
es (Fig. 1). Slight concavities are evident
on the central portion of the incisal edge
of the upper right central incisor, and the
distal portion of the incisal edge of the
left central incisor. The crown surfaces
of central incisors have shallow vertical
grooves in the enamel, both located on
the distal portion. The upper lateral in-
cisors are peg like in shape and display
isolated pits. No hypoplasia is observed
in the mandibular teeth. No bone pathol-
ogies were observed.

Fig. 1. Slight concavities are evident on the central
portion of the incisal edge of the upper right
central incisor, and the distal portion of the in-
cisal edge of the left central incisor

Individual 2118

2118 is a 13-year-old African American
female. Cause of death was pericarditis.
Skull morphology was normal. Perma-
nent teeth include the maxillary central
incisors, right lateral incisor, both ca-
nines (not fully erupted), first and sec-
ond premolars (right second premolar
not fully erupted), and first permanent

Fig. 2. Crowns of the upper central incisors, right
lateral incisor, and tips of canines are severely
hypoplastic, likely caused by mercury

Fig. 3. Occlusal surface of the upper right perma-
nent molar is reduced in size and hypoplastic

molars. Mandibular teeth include all in-
cisors, both canines, right first premolar,
right and left second premolars (still in
crypt) and first permanent molars. The
second permanent molars are still in the
crypt. The crowns of the upper central
incisors, up to the second third of the
crown, are severely hypoplastic (pitting
and linear hypoplasia) (Fig. 2). The same
type of hypoplasia can be seen on the in-
cisal third of the right lateral incisor from
the middle third to the tip of the crowns
of the canines. The occlusal surface of the
right upper permanent molar is reduced,
and hypoplastic (Fig. 3). Pitting is also
observed on the occlusal surface. Severe
linear and pitting hypoplasia is also ob-
served on the mandibular anterior teeth
(Fig. 4). The mandibular first permanent
molars resemble the maxillary right first
permanent molar (Fig. 5).
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Fig. 4. All anterior teeth demonstrate pitting and
linear hypoplasia. Both pitting and linear
enamel hypoplasia cross all anterior teeth at
the same levels
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Fig. 5. The mandibular molars resemble those in
the maxilla

Crowns of the upper central incisors,
right lateral incisor, and tips of canines
are severely hypoplastic, possibly caused
by mercury. The maxilla bone in the re-
gion above the incisors shows resorptive
remodeling.

Individual 2263

Individual 2263 is a 46-years-old Afri-
can American male. Lues was the cause
of death. Skull morphology was normal.
All maxillary and mandibular teeth are
present. Linear and pitting hypoplasia is

evident on the incisal and middle third
of the maxillary central right incisor and
the incisal third of the lateral incisors
and canines (Fig. 6). Black spots are vis-
ible on the middle third of the crown of
the right central incisor. The crown of
the left maxillary central incisor has bro-
ken away from the middle third of the
crown to the incisal third. Black spots
are just visible on the left central incisor
at the same level as the right incisor. On
the mandibular anterior teeth, linear and
pitting enamel hypoplasia is evident on
all anterior teeth at the same level (Fig.
7). The enamel of the left canine has
broken off.

I HIIIIIIZI IIII|I|I=I,||I|‘|HA| II|||
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Fig. 6. The upper central incisors demonstrate lin-
ear and pitting hypoplasia on the incisal and
middle third of the crowns. The same hypo-
plasia is evident on the incisal third of the lat-
eral incisors and canines

Fig. 7. Linear and pitting enamel hypoplastic de-
fects are evident at the same level across all
anterior teeth
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Individual 3097

Individual 3097 is a 36-years-old African
American male. Syphilis was the cause of
death. All teeth are present except for the
maxillary right canine and left perma-
nent first molar and mandibular central
incisors. Minor pitting enamel hypoplas-
ia is on the second third of maxillary cen-
tral incisors. A single deep linear enamel
hypoplasia runs along the cervical third
of the lateral incisors and left canine (Fig.
8). This hypoplasia also occurs on the
lingual surface. Along the cervical third
of the central incisors are black lines that
penetrate into the enamel. On the man-
dibular lateral incisors and canines is lin-
ear enamel hypoplasia. No bone patholo-
gies are present.

Fig. 8. Linear enamel hypoplasia runs along the cer-
vical third of the lateral incisors and left canine.

Black markings penetrate into the cervical are-
as of the upper central incisors, possibly cari-
ous cavities

Differential Diagnosis

Other pathologies and chemicals can
affect odontogenesis and amelogenesis
and are therefore considered in making
a differential diagnosis. Pathological con-
ditions considered include tuberculosis,
rickets, fluorosis, and amelogenesis im-
perfecta. Chemicals include mercury, ar-
senic, potassium iodide and bismuth.

Clinical cases of tuberculosis in chil-
dren (Mignogna et al. 2000; Ito et al.
2005; Ebenezer et al. 2006), have not
shown any type of enamel hypoplasia
nor the dental abnormalities resembling
those described in the cases above. In
skeletal cases of possible tuberculosis,
dental abnormalities including linear
enamel hypoplasia (Matos et al. 2011;
Bedi¢ et al. 2015), bands of decreased
enamel thickness and carious lesions
have been observed (Formicola et al.
1987). The dental abnormalities in tuber-
culosis do not resemble those discussed
in the above cases therefore, tuberculosis
is ruled out as a possible diagnosis.

Rickets is a disorder due to a lack of
vitamin D which affects bone minerali-
zation and enamel formation. Dental ab-
normalities associated with this disorder
include caries and enamel hypoplasia
in the forms of pits and linear grooves
(Zambrano et al. 2003; Davit-Béal et al.
2014). The types of enamel hypoplasia
seen in rickets are not comparable to the
cases from Cleveland.

Fluorosis refers to changes in enam-
el during tooth development, caused by
ingesting large amounts of fluoride for a
long period of time. In individuals with
dental fluorosis enamel can appear with
opaque white demarcated areas on parts
or all of the tooth depending on severi-
ty, and/or be pitted or porous and may
be stained yellow or brown color (Thyl-
strup and Fejerskov 1978; Masumo et al.
2013). The dental signs observed in fluo-
rosis are not observed in the individuals
discussed here. Fluorosis also tends to
affect most or all teeth which is not seen
in any cases here.

Amelogenesis imperfecta (AI) is a
hereditary condition caused by a genet-
ic mutation that interrupts the process
of amelogenesis, affecting most or all



Syphilitic signs in Hamann Todd Collection

457

teeth in both deciduous and permanent
dentition (Crawford et al. 2007; Gadhia
et al. 2012). Al can cause enamel discol-
oration, delayed tooth eruption, tooth
sensitivity, congenitally missing teeth
and enamel hypoplasia (Hu et al. 2012;
Wang et al. 2015). Dental abnormalities
caused by Al are not evident in the cases
described in this study, plus syphilis and
treatments containing mercury affect
specific teeth unlike Al. Therefore, Al is
dismissed as a diagnosis.

Mercury was used to treat syphilis/
congenital syphilis throughout Europe,
the United States Asia and Australasia
(United States. Public Health Service.
Division of Venereal Diseases 1930). The
compound used in various forms such as
pills, ointments and were injected intra-
muscularly (Hutchinson 1887; Cole et
al. 1929; Cole et al. 1933). Treatments
containing mercury ranged from one
and a half to fifteen grains of solution or
ointment (which in milligrams equiva-
lates to a range between 97.19 mg and
971.984 mg) (Hutchinson 1878; 1887;
Lee, 1878; Warner 1881; Cole et al.
1929; Cole 1933). Established in 2004,
the tolerable intake of methylmercury to
protect the fetus from any adverse effects
is 1.6 ug (= 0.0016 mg) per kilogram of
bodyweight per week (World Health Or-
ganization, 2007). This tolerable intake
is doubled for adults (3.2 ug or 0.0032
mg). The levels of mercury used to treat
congenital syphilis in the United States
during the early 20% century, surpassed
what was considered to be safe. There-
fore, disturbances in amelogenesis are to
be expected, resulting in enamel defects.
While abnormalities in enamel can be
present in various forms (Seow 2013),
the type of hypoplasia evident in 2118,
2263 and 3097, ranges from pitting and
linear hypoplasia to missing enamel. De-

fects in the secretory stage of amelogen-
esis are said to result in enamel that is
thin or hypoplastic with either pits or
grooves (Gadhia et al. 2012: Prasad et al.
2016).

Arsenic and potassium iodide have
been considered as possible causes of
the dental malformations observed in
the four individuals in this sample since
they were used as treatments for syph-
ilis/congenital syphilis. However, they
are not known to or recorded to produce
dental malformations such as those ob-
served here. Arsenic has been noted to
cause tooth abrasion and sensitivity
(Sunny et al. 2013) and linear hypoplas-
ia (Konishi et al. 1977), but not major
enamel defects.

Bismuth has been noted to cause pig-
mentation of the enamel, loosening of
the teeth in case of prolonged use and a
blue line on the gums (Ling 1929; Mc-
Carthy and Dexter 1935; Dean 1943).
The most constant location for pigmen-
tation was the cervical portion of the in-
cisors (McCarthy and Dexter 1935; Dean
1943).

Discussion

Attitudes towards syphilis have changed
over the centuries. The 19% century saw
physicians primarily concerned with the
clinical manifestations of syphilis, and
finding what they considered effective
ways of treating the disease. As various
treatments were not completely success-
ful in some cases, attitudes towards syph-
ilis in the early 20™ century in the United
States changed. It was now considered a
social problem and a public health con-
cern, with a focus on controlling the
spread of the disease (Breakey 1896;
Post 1889). Researchers were now con-
cerned with producing an effective test
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for the disease. In 1901, Jules Jean Bap-
tiste Vincent Bordet (1870-1961) and
Octave Gengou (1875-1957) produced a
complementing fixation reaction (Ligon
1998; Bialynicki-Birula 2008). As a re-
sult of this discovery, a test for syphilis,
known as the Wassermann reaction test,
was developed by August von Wasser-
mann, Albert Neisser and Carl Bruck in
1906 (Lancet 1925; Sachs 1925; Bialyn-
icki-Birula 2008). This enabled a way
to detect the presence of the bacterium
Treponema pallidum discovered in 1905 by
Fritz Richard Schaudinn and Paul Erich
Hoffmann (Lancet 1925).

Due to the fear of the spread of syph-
ilis, legal action was taken making syph-
ilis a “reportable” disease (Lancet 1911).
Social concerns grew, as did stigma to-
wards certain groups including males,
African Americans, prisoners and pros-
titutes (Shoemaker 1887; Breakey 1886;
Post 1889; Lancet 1900; Lancet 1929;
Lancet 1938b; Journal of the National
Medical Association 1944). Government
efforts could not control the disease with
individuals either avoiding testing or
being non-compliant in their treatment
program.

An important thing to note is that,
determining accumulated levels of mer-
cury does not prove, nor disprove the use
of mercury as a form of treatment in cas-
es of congenital syphilis, since mercury
has a quick excretion rate out of the hu-
man body (Biirgi 1906; Cole et al. 1929).
If someone was treated with mercury
for two years from the age of two, and
lived to adulthood, little to no mercury
would be found. However, if an individ-
ual were treated with mercury closer to-
wards the time of death, mercury levels
would be detectable, as various studies
have shown (Tucker 2007; Rasmussen et
al. 2008; Rasmussen et al. 2013; Zucker-

man 2016). Since the excretion of mer-
cury is the issue, it highlights the very
importance of dental changes associated
with treatments containing mercury and
its use when considering the differential
diagnosis of congenital syphilis, especial-
ly in older individuals. The interruption
to amelogenesis caused by mercury pro-
duces significantly different changes to
the dentition than those caused by the
disease and as such should be considered
when making a differential diagnosis of
congenital syphilis even if levels of mer-
cury are not detected.

If mercury was an effective form
of treatment (Warner 1881; Cole et
al. 1929), mercury would prevent any
changes in the bone from occurring,
thus making a differential diagnosis of
syphilis difficult. It is, however, certain
that in the case of the four individuals
discussed here, if mercury was used as
a form of treatment, it was not effective
in eradicating the pathogen, because
these individuals died in adulthood from
syphilis. All the treatment has done was
reduce the severity of the disease so as
to allow these individuals to reach adult-
hood which has been noted by Goldwa-
ter (1972). Alternately, these individuals
may have been completely cured of con-
genital syphilis, but acquired the venere-
al form later in their lives.

In the 171 individuals given a cause
of death of syphilis or syphilis-related
ailments, four demonstrated dental signs
(2266, 2118, 2263, 3097).

The dental abnormalities observed in
2266, are not typical of congenital syph-
ilis, however, the shape of incisal edges
may be simply due to tooth wear.

The most significant dental malfor-
mations are present in 2218. They ap-
pear to be a characteristic sign associat-
ed with treatments containing mercury,
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which is plausible since mercury was
used throughout the United States to
treat syphilis in the early 20" century. It
is possible that 2218 would have been
administered treatment not long after
birth and the treatment ceased at ap-
proximately 2.0-2.5years of age. Crown
calcification of the maxillary central in-
cisors begins approximately 3—4 months
after birth and crown completion occurs
approximately at four to five years. Due
to the extensive damage to the enam-
el on the first and second thirds of the
crown of the central maxillary incisors, it
is plausible that a large dose of mercury
would have been administered. The per-
manent molars resemble those observed
in syphilitic patients in the United King-
dom by Hutchinson (1878), from Aus-
tralia (B70) (Ioannou et al. 2015) and
Austria (Gaul and Grossschmidt 2014).
Despite the large doses of mercury, the
individual was not completely cured and
died of syphilis later.

The enamel malformations in 2263,
suggest that he may have been treated
with mercury, however, the severity is
not of the same extent as those observed
in 2118. In this case, mercury would
have been administered around 4 to 5
months after birth and treatment ceased
around 3.5 years of age. It is difficult to
determine whether treatment was regu-
lar or intermittent. The fact that treat-
ment would have lasted for some years
is not unusual as treatment could last up
to two years (Hutchinson 1888; O’Leary
et al. 1937). The concentration of mercu-
ry may have also varied, which was also
common (Wernigk 1908). Despite the
administration of mercury, the individu-
al was not completely cured and died of
syphilis later.

It is possible that 3097 could have
been treated with mercury, which could

have lasted a couple of years as lateral
incisors, and canines are affected. The
cervical portions of central incisors are
discolored possibly due to mercury. The
discoloration could also be a carious de-
fect caused by thinned enamel, which
may have been the result of mercuric
treatment. Alveolar resorption may have
been caused by mercuric treatment ad-
ministered during adulthood, due to re-
infection, or disease resurgence.

Mercury was widely used to treat and
contain the disease. As our analysis of
age at death shows, individuals who were
given mercury were surviving to the av-
erage age of other members of the popu-
lation with no morphological changes to
the skull in cases of congenital syphilis.
The earliest age at death among studied
skeletal remains is 13 years, which indi-
cates that this person survived congeni-
tal syphilis for at least 10 years after pos-
sible treatment.

The fact that the vast majority of in-
dividuals recorded as dying of syphilis
show no bone changes makes it difficult
to confirm recorded diagnosis of syphi-
lis by a paleopathological observation. In
studies of skeletal remains from the New
or Old World, absence of syphilis-relat-
ed bone pathologies does not confirm
the absence of the disease. Antibiotics
were not available during the early 20®
century, resulting in the use of metallic
antibacterials. Throughout the United
States, including Cleveland, Ohio, mer-
cury was used to treat syphilis and con-
genital syphilis (Cole et al. 1929; Driver
and Barney 1935). The paucity of bone
pathologies in the collection studied and
the high age at death of affected individ-
uals, indicate that metallic antibacterial
treatments were largely effective, if not
in complete elimination of bacterial in-
fection, at least in limiting seriously its
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pathological effects. Comparison of very
infrequent changes found in the Ham-
man Todd Collection with findings of
Steinbock (1976) and Rothschild (2005)
of frequencies reaching up to 25% or
13% of bony changes in syphilitic in-
dividuals confirms the observation of
successful pre-antibiotic treatments. In
cases studied here, either mercury was
effective or syphilis was asymptomatic
more often than in individuals studied by
others. Depending on the exact compo-
nents used and the timing of treatment,
mercury may not have been as toxic as
currently thought since individuals with
congenital syphilis treated at a young
age, as indicated by dental changes, lived
to adulthood. A majority of other syph-
ilitic adult individuals in this sample
either had no teeth, had loose teeth or
dentures. It could be possible that some
individuals may have been treated with
mercury at some stage during adulthood,
which increases the likelihood of tooth
loss. However, tooth loss could be the re-
sult of other causes.

A major limitation of this study is the
fact that only individuals with cause of
death recorded as syphilis or syphilis-re-
lated were studied. Were the pre-antibi-
otic treatments of syphilis really effective,
the individuals who died of conditions
not related to syphilis, but showed signs
of congenital syphilis or its mercuric
treatment, would be the best proof of the
treatment’s effectiveness.

Conclusion

Determining syphilis in skeletal samples
can be difficult due to a number of issues.
The effects of treatments containing
mercury, on enamel formation and bone
changes, need to be considered and ap-
plied when making a differential diagno-

sis of syphilis/congenital syphilis as this
may be a good indication of the disease
without the presence of bone changes.
The most reliable way to know wheth-
er someone with congenital syphilis was
treated with mercury is by changes in
enamel formation. If the individuals in
this sample were treated with mercury,
whether in childhood or as adults, mer-
cury may have been effective in limiting
or eradicating the infection due to the
lack of notable bone pathologies.
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