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ABSTRACT

Objectives: Whether gemination or fusion, double teeth are rare worldwide, including Africa based on few published data. New
cases from the continent are tallied, and anomalies potentially associated with double teeth are identified. These findings should
interest a range of dental researchers.

Methods: The presence of double teeth was recorded in 97 modern and premodern North and sub-Saharan African samples
(5631 inds.). They and coexistent anomalies are described relative to published examples. Prevalence was estimated as possible,
using a Poisson model for 95% confidence intervals (CI).

Results: Three maxillary double teeth were identified: a primary left lateral incisor in a Nubian child (1938-1756 BC), permanent
left central incisor in an adult Egyptian (3650-3500BC), and permanent right central incisor in a modern (19th century) adult
from Guinea. Each co-occurs, respectively, with a talon cusp, peg lateral incisor and, in the latter individual, second premolar
crown variation with rotation, and third molar dens evaginatus. Double tooth prevalence is 0.048% (CI 0.001%-0.270%), with
regional variation, in premodern, and 0.000% in modern North Africans. It is 0.000% for premodern and 0.048% for modern sub-
Saharan Africans (0.008%-1.714%).

Conclusions: The double incisors are comparable to other global examples, indicative of common developmental processes
during odontogenesis. Prevalence is lower than published modern rates, to suggest some exceptionality in Africans as reported
earlier for other dental variants. Finally, though circumstantial, double teeth and accompanying anomalies may share an etiol-
ogy. Continuing research overall, and in Africa specifically, will promote an improved understanding of double teeth formation
and expression.

1 | Introduction (Beltran et al. 2013; Benazzi et al. 2010; Collina et al. 2021;

Hillson 2023; KneZevi¢ et al. 2002; Rajashekhara et al. 2010).
Gemination, the partial splitting of one tooth germ, and fusion, This prompts common use of the generic term “double tooth”
the joining of two germs, both yield a similar range of pheno- for any such expression (Beltran et al. 2013; Brook 1970; Collina

types, from an abnormally wide crown and root to two partially et al. 2021; Marra et al. 2020; Sperduti et al. 2021). Other pro-
fused crowns and roots. Thus, identification of cause and effect cesses exist (e.g., concrescence, twinning; Pindborg 1970;
can be difficult, especially if a supernumerary tooth is involved Tannenbaum and Alling 1963) but are not discussed here.
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The etiology of double teeth is open for debate (KneZevi¢
et al. 2002; Marra et al. 2020; Ramamurthy, Satish, and
Priya 2014), with potential factors ranging from heredity to local
trauma and even ionizing radiation (Hunasgi et al. 2017). In any
event, gemination and fusion occur during the morphodiffer-
entiation stage of odontogenesis (Beltran et al. 2013; KneZevi¢
et al. 2002). Beyond an interesting phenomenon, double teeth
are of clinical import concerning crowding, esthetics, and pro-
spective caries sites (Hunasgi et al. 2017; KnezZevi¢ et al. 2002;
Marra et al. 2020; Ramamurthy, Satish, and Priya 2014). Primary
and, to a lesser extent, permanent dentitions can be affected, no-
tably incisors and canines. Teeth may exhibit one or two pulp
cavities and/or canals, with either uni- or bilateral expression in
the maxilla or, more so, the mandible. With exception (KneZevi¢
et al. 2002) insignificant sex differences are reported by type, ex-
pression, and rate (Aguilé et al. 1999; Beltran et al. 2013; Benazzi
et al. 2010; Hillson 2023; Knezevi¢ et al. 2002; Marra et al. 2020;
Pindborg 1970; Ramamurthy, Satish, and Priya 2014; Santos,
Forte, and Rocha 2003; Sarki¢ et al. 2022; Tannenbaum and
Alling 1963).

Though copiously documented, double teeth are rare world-
wide, reportedly 0.5%-4.1% in primary and 0.1%-1.0%
in permanent teeth (Beltran et al. 2013; Castelino, Babu,
and Shetty 2015; Guttal et al. 2010; Marra et al. 2020;
Pindborg 1970; Ramamurthy, Satish, and Priya 2014; Scheid
2007; Wu et al. 2019). Hunasgi et al. (2017) present an ex-
cellent summary table of known clinical studies, with the
primary and permanent teeth involved and world regions.
The table does not include data from Africa, which as noted
in prior dental anomaly research is understudied histor-
ically (Irish 2020, 2022, 2024). The only clinical data come
from Nigeria, with rates of 0.4%-1.9% for double teeth in pri-
mary and 0.0% in permanent dentitions (Folayan et al. 2019;
Onyeaso and Oneyeaso 2006; Temilola et al. 2014).

Archeological evidence is also known globally, but an appar-
ent equal rarity in ancient times limits publications to case
studies of individuals dated thousands to a few hundred years
ago (Benazzi et al. 2010; Collina et al. 2021; Forshaw 2021;
Halcrow and Tayles 2010; Mays 2005; Padgett 2010; Phillips,
Irish, and Antoine 2021; Ruffer 1920; Sarki¢ et al. 2022; Silva
and Subtil 2009; Sperduti et al. 2021). Collina et al. (2021) and
Sperduti et al. (2021) provide recent literature reviews doc-
umenting ~40 cases of double teeth, mostly in the primary
dentition, along with two adults from continental Africa: one
dates 1900-1800 BC from Egypt (Forshaw 2021) and the other
AD 500-1500 from Upper Nubia/Central Sudan (Phillips,
Irish, and Antoine 2021).

The present report augments the existing African data by de-
scribing double incisors in three more individuals from the conti-
nent. In line with the reported rarity, these are the only examples
in >5600 North and sub-Saharan African dentitions examined.
Thus, the presence, expression, and potential developmental
processes for each can be presented in detail, to contrast with
findings from other world regions. Comparisons are also made
against the full African database to calculate prevalence by pe-
riod and geographic area. Other rare dental anomalies in each
individual are identified and evaluated as well.

2 | Materials and Methods

Ninety-seven samples comprising 5631 late Pleistocene through
modern (considered as 19th-20th century) dentitions were
screened for double teeth presence. All were recorded origi-
nally to estimate biological affinities (Irish 1997, 1998, 2000,
2006, 2013, 2016) using 36 heritable morphological traits in
the Arizona State University Dental Anthropology System
(ASUDAS; Scott and Irish 2017). As standard protocol other data
were also collected, including a range of anomalies (Irish 2020,
2022, 2024). Traits were mostly recorded in skeletal dentitions,
along with ~200 hardstone casts. Affinity estimates are based on
permanent teeth, but individuals aged 6years and younger were
included if at least one permanent tooth was present—erupted
or recordable in its alveolus. As little or no sexual dimorphism
is reported for double teeth, the sexes are pooled for analysis.
Forty-five samples with 2689 dentitions derive from six North
African countries, and 52 comprised of 2942 dentitions come
from 20 sub-Saharan countries (Figure 1). Sample details can be
accessed in the above references.

Of these, just the three abovementioned individuals have ger-
mination or fusion: a premodern child and adult from Egypt,
and a modern adult from Guinea. As only permanent teeth were
the focus, prevalence calculations are restricted to the adults.
For both, only spatiotemporally relevant dentitions (below) with
matching teeth and/or alveoli are included for comparison. A
Poisson model was applied to provide 95% confidence intervals
(CI), within which the true prevalence should be contained
(Rothman, Greenland, and Lash 2008). The other dental anom-
alies, which may or may not be linked with double teeth forma-
tion, are then described.

3 | Results
3.1 | The Premodern Child From Egypt

The partially complete skeleton of a 4-5-year-old child, based
on primary tooth eruption and permanent tooth formation
(AlQahtani 2009), was recovered in site HK27C—a cemetery
at the ancient Egyptian city of Hierakonpolis (Figure 1). Tomb
37, in which the child was interred, dates to the 12th Dynasty
(1938-1756 BC). Interestingly, those buried in the cemetery were
not Egyptians, but C-Group Nubians who traditionally lived
south of present-day Aswan—113km south. For unknown rea-
sons they lived with Egyptians at Hierakonpolis for several hun-
dred years, from the 11th Dynasty into the Second Intermediate
period (Friedman 2007).

The primary left lateral maxillary incisor has two incompletely
fused crowns with more complete root union (Figure 2). The
maxilla is missing, but the normal complement of primary inci-
sors and canines was recovered. The undamaged mandible (not
shown) retains nine of 10 primary teeth and all first and sec-
ond permanent molars partially formed within their crypts. The
double tooth appears to have two pulp cavities and canals, but
radiography was not available to confirm. Thus, interpretation
of the process responsible in this and the other two individuals
must be based on surface morphology (see Section 4).
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FIGURE1 | General distribution of North and sub-Saharan African samples in present study. Geographic origins of the three individuals with

double teeth noted. See text for more information. Africa map from Arizona Geographic Alliance, Arizona State University.

A second anomaly, a talon cusp, is centrally positioned on the
tooth, emanating from the most mesial crown. Like gemination
and fusion, this cusp forms early in odontogenesis (Halcrow
and Tayles 2010; Hattab et al. 1995). According to Hattab et al.
(1995:372), it is a “Type 1 (true talon): An anatomically well delin-
eated additional cusp that prominently projects from the palatal
surface of a primary or permanent anterior tooth and extends at
least half the distance from the cementoenamel junction to the in-
cisal edge.”

3.2 | The Premodern Egyptian Adult
This elderly male, based on skeletal morphometric features

(e.g., Buikstra and Ubelaker 1994), is also from Hierakonpolis.
However, unlike the Nubian child he was culturally Egyptian.

He also lived much earlier, based on recovery (Burial 421)
from a predynastic cemetery (HK43) used c. 3650-3500BC in
the Naqada II period (Friedman et al. 1999; Friedman 2008;
Hierakonpolis-online 2012-2024).

His teeth are heavily worn, but the left central maxillary incisor
clearly manifests as a double tooth (Figure 3). Wear removed evi-
dence of whether a furrow was present on the buccal or lingual sur-
faces (Beltran et al. 2013), but union of the crowns might have been
complete. Again, radiography was unavailable, so pulp cavity and
canal number are unknown. The tooth was not extracted, but the
surrounding alveolar bone implies a single wide root. The mandible
(not shown) retains a normal set of equally worn permanent teeth.

Given the antiquity of this individual and the significant bio-
logical distance between populations north and south of the
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Sahara (Irish 1998), 2557 other premodern North African den-
titions, c. 11000BC-AD 1400, in 41 samples (of total 2689 in 45
samples) were examined to calculate prevalence (sample details
in Irish 2000). The 132 modern individuals, none with double
teeth, were dropped from analysis. Of the 2557 dentitions, 2066
retained the requisite maxillary incisors and/or alveoli for a
transregional rate of 0.0484%, with a 95% CI of 0.001-0.270%.
When compared only with other ancient Egyptians (18 samples,
1018 inds), 4650 BC-AD 600, it is 0.098% (CI 0.002%-0.547%).

FIGURE 2 | Anterior primary maxillary teeth of premodern Nubian
child. (A) Incisors and canines; double left lateral maxillary incisor
identified with arrow. (B) Lingual detail of double incisor; talon cusp
identified with arrow. (C) Labial detail of double incisor. See text for
details.

FIGURE3 | Permanentdentition of premodern Egyptian adult male,
with double arrow identifying double left central maxillary incisor. (A)

Labial view. (B) Occlusal view with arrow pointing to peg/reduced right
lateral incisor. See text for details.

In this case the accompanying anomaly is a peg/reduced right
lateral incisor. Lateral maxillary incisors exhibit a range of
unusual forms in global populations (Kondo, Townsend, and
Matsuno 2014; Scott and Irish 2017) so all variants are recorded
in the ASUDAS. This tooth is counted as “Grade 1: UI2 normal
in form but diminutive in size (less than %2 mesiodistal diameter
of UI1)” (Scott and Irish 2017: 137). The left lateral incisor is of
normal proportion relative to the other teeth.

3.3 | The Modern Adult From Guinea

The third individual dates to the 19th century according to cura-
tion records (National Museum of Natural History, #00244057).
But beyond the country of origin (Figure 1) little else is known.
Diagnostic cranial features, basilar suture fusion (e.g., Buikstra
and Ubelaker 1994), and third molar eruption imply that he
was a male >18-years-old. Minimal tooth wear and incomplete
cranial vault suture fusion suggest further that he did not reach
middle age.

The right maxillary central incisor is striking in appearance,
not just as a double tooth but because it was intentionally
modified like the other incisors, which was a known practice
in West Africa into the early 20th century (Irish 2017). Crown
union is incomplete with labial and lingual furrows (Figure 4).
Radiographs were not made, but two separate pulp cavities are
indicated—in part due to secondary dentine formation seen
as darker brown patches in the center of each incisal margin.
The tooth was not extracted, so the extent to which the roots
are fused is unknown. That said, both furrows run at least
part way down the root, though the shape of overlying bone
may suggest a single apex. The mandible (not shown) retains a

FIGURE 4 | Permanent dentition of modern adult male from
Guinea, with arrow identifying double right central maxillary incisor.
(A) Labial view. (B) Occlusal view with arrows pointing to rotated right
second premolar with atypical crown morphology, and right third molar
expressing dens evaginatus. See text for details.
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normal complement of permanent teeth, including both third
molars.

In this instance, data from 2236 sub-Saharan African denti-
tions in 37 19th-20th century samples (of total 2942 in 52 sam-
ples) were screened to calculate modern prevalence. Sample
details are available in Irish (1997, 2016, 2022, 2024). Again,
temporally distinct data, here 15 premodern samples (706 inds;
c. 10800BC-AD 1500) without double teeth, were excluded
from comparison. Of the 2236 modern dentitions, 2080 had
maxillary incisors and/or alveoli for the same rate as above,
0.048% (CI 0.001-0.268), for the subcontinent. When com-
pared on regional basis to eight other modern West African
samples (325 inds; Irish 2022, 2024) the prevalence is 0.308%
(CI 0.008%~1.714%).

A second, less obvious anomaly in this individual is a right sec-
ond premolar with a buccolingually “compressed” crown, that
is, relative to its antimere and first premolars, which is rotated
(Adeyemi et al. 2023; McMullan and Kvam 1990; Nayak and
Singh 2013; Stefan 2006; Suresh, Zhong, and Yadav 2020). The
atypical crown makes cusp identification and, thus, the degree
of rotation uncertain. If the premolar's actual buccal cusp is top-
most in Figure 4, then the tooth is rotated mesially ~50°; con-
versely, if it is instead the lingual cusp then the tooth is rotated
distally ~130° (McMullan and Kvam 1990).

A third anomaly is equally striking to that of the double inci-
sor, a right third molar with a large central cusp, or dens evag-
inatus (Kocsis et al. 2002; Levitan and Himel 2006; Nagaveni
and Umashankara 2013). Several DE types exist depending on
the tooth involved. According to Schulze (1987) the present
molar is a Type 5, manifesting as a tubercle on the occlusal sur-
face that obliterates the central groove. Kocsis et al. (2002:77)
would classify it as their “Type 3: A supernumerary cusp on
the occlusal surface arising from or near the groove between
the original buccal and the lingual cusps of premolars and mo-
lars. The central cusp type is the dens evaginatus.” The present
central cusp looks to be a ridged form, one of four defined by
Lau (1955). The missing left third molar might be agenetic, as
the left second molar in that field has neither distal interprox-
imal staining nor a wear facet, and visual inspection failed to
identify impaction.

4 | Discussion

Similarities exist among the three individuals; all double teeth
are maxillary incisors, and at least one additional anomaly is
expressed. However, there are differences in the (1) affected
teeth—primary versus permanent, lateral versus central in-
cisor, degree of union, and (2) type and location of the other
anomalies. The process responsible for each double tooth also
likely differs. Unfortunately, radiography, the preferred method
to differentiate gemination from fusion (Beltran et al. 2013;
Collina et al. 2021; Knezevi¢ et al. 2002) was not available
during data collection. So visual inspection of each double in-
cisor and tooth count, namely, a normal versus reduced com-
plement (Hernandez-Guisado et al. 2002; Knezevi¢ et al. 2002;
Koszowski et al. 2014; Milazzo and Alexander 1982) must suf-
fice to imply cause. The context of occurrence and expression

for each double tooth, and the same again for all accompanying
anomalies is also provided.

4.1 | The Premodern Child From Egypt

Two pulp cavities and two canals, as suggested in the child's
double primary lateral incisor, is common when two germs
unite in the fusion process during morphodifferentiation
(Beltran et al. 2013; KnezZevié¢ et al. 2002). However, this ordi-
narily yields a reduced number of teeth (hypodontia) (Beltran
et al. 2013; Knezevic¢ et al. 2002; Pindborg 1970). The standard
complement of four incisor and two canine “entities” or “units”
(Pindborg 1970; Tannenbaum and Alling 1963) is present, in-
cluding the double incisor unit. So, on this basis (Milazzo and
Alexander 1982; also, KneZevic¢ et al. 2002) gemination of the
left incisor germ may instead be responsible. A third possibility
again entails fusion, but with normal and supernumerary incisor
germs. This would explain the presence of two cavities/canals
and the normal tooth number. Rarity of supernumerary primary
teeth (Bello et al. 2019; Giudice et al. 2008) would seemingly
argue against such an occurrence, but is not without precedence
(Knezevi¢ et al. 2002; Ramamurthy, Satish, and Priya 2014), in-
cluding archeological examples (Benazzi et al. 2010; Halcrow
and Tayles 2010; Padgett 2010). All told, the developmental pro-
cess is not identified here with any certainty.

As stated, primary double teeth, especially incisors and canines,
dominate relative to permanent (Beltran et al. 2013; Castelino,
Babu, and Shetty 2015; Guttal et al. 2010; Marra et al. 2020;
Pindborg 1970; Ramamurthy, Satish, and Priya 2014; Scheid
2007; Wu et al. 2019). This dominance is also implied in arche-
ological studies, with affected primary teeth from ~30 world lo-
cations dating 2500-1000BC! in the USA to AD 1600-1700 in
Japan (Collina et al. 2021; Sperduti et al. 2021). So, the Nubian
child (1938-1756 BC) is one of the earliest cases. Primary man-
dibular incisors are most affected (e.g., Sarki¢ et al. 2022) but
like here ~10 cases of rarer double maxillary teeth are reported
(list in Sperduti et al. 2021), including: (1) a triple incisor with
supernumerary tooth in a nine-month-old (c. 1540-1715AD)
from Alabama, USA (Padgett 2010); (2) a lateral incisor in a me-
dieval British child (Mays 2005); (3) a left incisor in a medieval
Portuguese three-year-old (Silva and Subtil 2009); (4) a combined
right central/lateral incisor in a medieval Italian five-year-old
(Benazzi et al. 2010); (5) from three Italian sites (7th century
BC-7th century AD), a right central incisor in a three-year-old,
a right central/lateral incisor in a nine-month-old, and a right
central incisor in a two- to three-year-old (Sperduti et al. 2021);
and (6) a left lateral incisor from a Thai six-month-old infant (c.
1850 BC-AD 450) (Halcrow and Tayles 2010).

The prevalence of talon cusp in primary incisors is low, more
so than their permanent successors. However, exact figures are
difficult to ascertain because many do not differentiate by denti-
tion type (Decaup, Garot, and Rouas 2021). That said, 0.6% was
reported in Japanese (Ooshima et al. 1996) and 0.01% in Turkish
children, mostly in central maxillary incisors. In a literature re-
view Lee et al. (2007) found only five examples of talon cusp in
primary lateral incisors. So, the Nubian child's double incisor
is doubly exceptional. Regarding any potential association, be-
cause the talon cusp is attached to the affected tooth it must be

50f 10

85U80| SUOLULLOD @A 81D 3|dedl|dde Uy Aq peusanoh aJe sajole YO ‘SN JO'S3|NJ 10} ARiq1T8UIIUO AB|IAA UO (SUO I IPLIOD-PUR-SLUIBIALID" AB|IMAJe1q||BU 1 JUO//SaRY) SUORIPUOD Pue SW | 8Y) 885 *[7202/60/0T] U0 ARiqiaulluO A31IM ‘188 L Aq 617T72 U [e/200T OT/I0p/Ww0d" A8 | ARe.d 1 fpuluo//sdny ol papeoiumoq ‘0 ‘00€902ST



linked with its formation (also see Halcrow and Tayles 2010; Lee
et al. 2007; Lomgali, Hazar, and Altinbulak 1994; Mays 2005)
during odontogenesis (Hattab et al. 1995). As detailed in Halcrow
and Tayles (2010) co-occurrence is known in permanent and, of
interest, primary teeth, including their archeological study and
two others (Mays 2005; Silva and Subtil 2009). Like double teeth
(Hunasgi et al. 2017; KneZevi¢ et al. 2002; Marra et al. 2020;
Ramamurthy, Satish, and Priya 2014), the etiology of talon cusp
(Hattab et al. 1995) and how the two anomalies may be linked
is unknown. However, as Halcrow and Tayles (2010): 245; also,
Decaup, Garot, and Rouas (2021) propose, co-occurrence “may
be consistent with the theory of Rantanen's (1971) that talon
cusp results from hyperactivity of the anterior part of the dental
lamina,” citing supporting research (Lee et al. 2007; Mays 2005;
Rushman and Meon 1991; also see below).

4.2 | The Premodern Egyptian Adult

Pulp cavity and canal numbers are not verified, but it appears
the double tooth comprises one completely fused crown and
root. This expression and the normal complement of 16 maxil-
lary teeth/units implies gemination was the most probable de-
velopmental process (Beltran et al. 2013; KneZevic¢ et al. 2002;
Milazzo and Alexander 1982; Pindborg 1970). In support, con-
tra fusion, gemination more often affects the anterior maxillary
teeth (Koszowski et al. 2014).

Permanent double teeth are much rarer than primary, partic-
ularly in archeological studies, but three recent publications
allow comparisons. First, Collina et al. (2021) reported the first
documented case in an archeological context from Europe,
though it is a mandibular tooth. It was said to have formed
via fusion of the right central and lateral incisors in a 6th-7th
century AD adult male from Italy. Second, Phillips, Irish, and
Antoine (2021) identified an example in an adult female from
near the 4th Cataract in Upper Nubia/Central Sudan, dating c.
AD 500-1550. Like the Hierakonpolis Egyptian, she had a dou-
ble left central maxillary incisor. It is little worn, so labial and
lingual grooves remain visible on the crown. It was not con-
cluded if the process was gemination or fusion. Notably, like the
three present individuals a second anomaly is expressed, that
is, a supernumerary right maxillary incisor. Thus, it is possible
the double central incisor combined with the latter's supernu-
merary antimere (Phillips, Irish, and Antoine 2021), unlike the
present probable instance of gemination. Finally, an old article
(Ruffer 1920) reported double teeth in ancient Egypt based on an
even older volume (Murray 1910). But these teeth were recently
detailed by Forshaw (2021), who suspects fusion yielded the
double left maxillary central incisor and gemination the right,
in a 12th Dynasty (c. 1900-1800 BC) adult male from Dier Rifeh.
This author also identified it as the oldest example yet docu-
mented. But for now the Hierakonpolis double tooth (c. 3650-
3500BC) has that distinction, at ~2000years older.

Archeological examples of double teeth are so exceptional—
prompting descriptions on individual bases—that no previous
attempts have been made to quantify spatiotemporal prevalence.
Here, the large database permits a transregional, North African
indication, though it is equivocal given the >12000-year range of

comparative data. The figure 0.048% (1/2066 inds.) is well below
0.1%-1.0% in modern populations (Beltran et al. 2013; Castelino,
Babu, and Shetty 2015; Guttal et al. 2010; Marra et al. 2020;
Pindborg 1970; Ramamurthy, Satish, and Priya 2014; Scheid
2007; Wu et al. 2019), though the CI reaches 0.270%. On perhaps a
more reliable level, the rate for ancient Egyptians only is ~0.100%
(CI up to 0.547%). Either way, the figures imply that double teeth
were quite rare in premodern North Africans, at least relative to
other world regions—not including 0.000% in the 132 modern
North African dentitions excluded from analysis.

Lastly, the second dental anomaly in the Egyptian individual,
his peg/reduced right lateral incisor is infrequent but not, for ex-
ample, to the extent of the talon cusp or dens evaginatus (below).
Its prevalence in 15 Egyptian samples (786 inds; 4650BC-AD
600) reaches 11.1%, including 3.6% at Hierakonpolis (Irish 2006).
Not being part of the double central incisor, the prospect of a
link between anomalies is more circumstantial. Both teeth are
in the same field, tooth size is established during morphodif-
ferentiation (Chanchala and Nandlal 2012; Kondo, Townsend,
and Matsuno 2014) like gemination/fusion, and several pro-
posed etiologies for tooth size reduction (Kondo, Townsend, and
Matsuno 2014) overlap with those of double teeth. Yet odonto-
genesis of the central incisor initiates up to eight months before
the lateral, and the two anomalous teeth are separated physi-
cally. So, while not identifiable here, a shared etiology would
likely be more general than specific in nature, e.g., genetic as
opposed to localized trauma, among others.

4.3 | The Modern Adult From Guinea

The two crowns comprising the right maxillary central incisor
unit are partially fused, though separate pulp cavities are indi-
cated. This implies two canals, which might seem unlikely in a
single root, but is known to occur (see below), and perhaps they
merge near the apex. This uncertainty makes identifying the de-
velopmental process particularly difficult. According to KneZevi¢
et al. (2002) two pulp cavities (partial union notwithstanding),
one root, and a normal complement of anterior teeth may sug-
gest gemination (Beltrdn et al. 2013; Koszowski et al. 2014;
Milazzo and Alexander 1982; Pindborg 1970). But fusion with a
supernumerary tooth cannot be ruled out.

Modern examples of double permanent teeth are also rare, but
at least relative to the archeological studies more evidence ex-
ists. In an extensive literature review Hunasgi et al. (2017)
cite just 12 articles, though others exist including three cited
here (Ramamurthy, Satish, and Priya 2014; Tannenbaum and
Alling 1963; Temilola et al. 2014). Using all for comparison, of
14 non-African cases 12 involve maxillary incisors, of which
nine are central incisors. The responsible process is in question
for most, but two do seem akin to the Guinea tooth: (1) a right
central incisor with two canals in a Turkish man (Tiirkaslan,
Gokee, and Dalkiz 2007), and (2) both central incisors, each
with one root, two canals, and one apical foramen in an Iranian
boy (Shokri, Baharvand, and Mortazavi 2013). The only sub-
Saharan clinical study on the permanent dentition, from Nigeria,
lists a rate of 0.0% in 7135 teeth from an unspecified number of
individuals (Temilola et al. 2014).
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The calculated prevalence of 0.048% (CI 0.001%-0.268%) for
sub-Saharan Africa (Guinea individual/2080) is half that of the
low value in the global range, 0.1%-1.0% (Beltran et al. 2013;
Castelino, Babu, and Shetty 2015; Guttal et al. 2010; Marra
et al. 2020; Pindborg 1970; Ramamurthy, Satish, and Priya 2014;
Scheid 2007; Wu et al. 2019). And, as above, no double teeth are
present in 706 premodern individuals (0.000%). Perhaps this
parallels other high and low rates of anomalies, including hyper-
dontia (Irish 2022) and hypodontia (Irish 2024), respectively, to
suggest some distinctiveness from other world populations. The
West African-only rate of 0.308% (1/325; CI 0.008%-1.714%) is
in the modern range but given the rarity of double teeth, smaller
sample size should be considered. Indeed, the rate would be
lower if the Nigerian data (Temilola et al. 2014) were compatible
for inclusion.

Concerning modification of the individual's double tooth,
this practice, as stated, was common in West Africa and else-
where in the subcontinent at the time (Irish 2017). The dental
operator skillfully accentuated the labial furrow to simulate
two fully separated crowns. Each of these and the other inci-
sors were modified further by removing the mesial and distal
incisal edges for an archetypal West African ‘fang’ variant
(Irish 2017). It is also evident that the left central incisor's
pulp cavity was perforated to yield an alveolar abscess at the
root tip.

The second anomaly involves atypical crown morphology and
rotation of the maxillary right second premolar. Variation of pre-
molar crowns is known (Scott and Irish 2017), but unless it is
a well-documented form (e.g., peg, odontome, accessory cusps,
agenetic) prevalence figures are lacking in the literature. Overall
tooth rotation is not particularly rare, occurring between 10.2%
and 20.2% in the permanent dentition (Adeyemi et al. 2023;
McMullan and Kvam 1990; Nayak and Singh 2013; Stefan 2006;
Suresh, Zhong, and Yadav 2020). But based on individual case
studies, second maxillary premolars are seemingly much less
affected, particularly if rotation is extreme, that is, if the pres-
ent individual's tooth is indeed rotated ~130° rather than ~50
(Adeyemi et al. 2023; Nayak and Singh 2013; Suresh, Zhong, and
Yadav 2020). The variation in crown morphology would occur
during morphodifferentiation—though up to 2years later than
with the double central incisor. The etiology of rotation is less
certain, with suspected causes ranging from space limitations
to hereditary factors in odontogenesis (Adeyemi et al. 2023;
McMullan and Kvam 1990; Nayak and Singh 2013; Stefan 2006;
Suresh, Zhong, and Yadav 2020).

Finally, the third rare anomaly, dens evaginatus (DE), occurs
on the occlusal surface of the maxillary right third molar.
However, DE has been reported in all tooth classes (Levitan
and Himel 2006). Of interest, in anterior teeth it arises on
the lingual surface, though is better known by its common
name, talon cusp—a subclass of DE (Kocsis et al. 2002;
Levitan and Himel 2006). In posterior teeth it forms as a tu-
bercle on the crown (Levitan and Himel 2006), often as a cen-
tral cusp (Kocsis et al. 2002). Of all teeth the premolars are
most affected, with expression usually denoted by its more
customary name of odontome (Danish et al. 2014; Kocsis
et al. 2002; Levitan and Himel 2006). The latter is part of the

ASUDAS and is of highest frequencies in Asians and Native
Americans (Danish et al. 2014; Kocsis et al. 2002; Levitan
and Himel 2006; Scott and Irish 2017) at 0.0%-6.3% (Escobar,
Michael Conneally, and Lopez 1977). DE is rarer in molars,
though with larger tubercles on the first and second molars
(Kocsis et al. 2002). Nagaveni and Umashankara (2013) were
the first to record DE involving a maxillary third molar, in
an Indian man. The Guinea maxillary third molar matches
closely the latter tooth in appearance and is now just the sec-
ond documented example.

Like all preceding anomalies DE forms in morphodifferenti-
ation (Danish et al. 2014; Levitan and Himel 2006). But here,
any link with the double incisor is even more tenuous than,
for example, the individual's anomalous premolar. The inci-
sor and molar are not only present in separate dental fields
but are located at opposite ends of the maxilla. Further, third
molar odontogenesis begins up to 9years after that of the cen-
tral incisor. The etiology of DE is again tentative, but a genetic
component is assumed based on familial research; moreover,
DE was linked with other anomalies and syndromes (Danish
et al. 2014; Kocsis et al. 2002; Levitan and Himel 2006;
Nagaveni and Umashankara 2013). Therefore again, any
shared etiology of anomalies in the Guinea individual would
likely be general in nature, and based on the assumed cause of
DE, the same factor might be implicated in the premolar and
double tooth expression.

5 | Conclusions

This study provides new information on primary and perma-
nent double teeth in North and sub-Saharan Africans past and
present. Until now, this anomaly was largely unstudied there,
with the notable exceptions of Nigerian clinical research and
two archeological case studies. Here, double incisors in a pre-
modern Nubian child (1938-1756 BC), a premodern Egyptian
adult (c. 3650-3500BC), and a modern (19th century) adult
from Guinea were detailed relative to other world data. Overall
similarities in expression and, likely, formation were revealed.
The child's lateral incisor, if not the earliest, is among the ear-
liest examples of primary double teeth. The Egyptian's central
incisor is the oldest permanent double tooth, pushing the first
evidence for this anomaly back ~5600years. Also, for the first
time, premodern prevalence could be calculated, here in North
Africans overall and Egyptians specifically; both are below
modern global rates. Prevalence for modern sub-Saharan
Africans overall is also lower, based on the Guinea double
central incisor. On a West African regional level, it is within
the global range, but with caveats noted. In reality, the cross-
continent prevalence is considerably lower when considering
the modern North African and premodern sub-Saharan denti-
tions in the database that do not express double teeth. Finally,
the accompanying rare dental anomalies recorded in each
individual might suggest a shared etiology, though links are
circumstantial. As such, continuing research on double teeth
overall, and in Africa specifically—preferably using radiogra-
phy, is needed to promote a better understanding of this singu-
lar anomaly, of interest to clinicians, dental anthropologists,
and a host of other researchers.
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Endnotes

LA potential earlier date of 8000-1000BC is listed for Law's Site in
the USA by Sperduti et al. (2021), but the author of the original study
states the age of burials there is much younger, likely 1540-1715AD
(Padgett 2010).
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