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AbstractWe have re-evaluated the dental abnormalities and
oral pathology evident on the Mid-Upper Paleolithic Pataud
1 skeleton, including additional remains recently excavated
for this individual, in an effort to expand current knowledge
of Pleistocene human paleopathology, in light of current
clinical and paleopathological assessments of oral variation
and diseases. The young adult female Pataud 1 presents an
impacted right M3, widespread periodontitis, large retromo-
lar voids, double right maxillary supernumerary (paramolar)
teeth, and new bone deposition on the medial mandibular
rami and posterior maxillae. The Pataud 1 remains thus
join a substantial sample of Pleistocene humans with con-
genital/developmental abnormalities, some of which (as in
Pataud 1) consequently resulted in secondary abnormalities.
M3 impaction and supernumerary teeth are known in a cou-
ple of other Mid-Upper Paleolithic individuals, and mild to
moderate periodontal disease appears to have been wide-
spread. However, such marked resorption of the alveolar
margin in a young adult is unusual, and the secondary
inflammation (possibly septicemia) leading to new bone
deposition is otherwise unknown in the sample and may
have led to her death.

Keywords Dental impaction · Supernumerary tooth ·
Periodontitis · Septicemia

Résumé Les anomalies dentaires et la pathologie orale du
squelette Pataud 1, datant du Paléolithique supérieur
moyen et pour lequel de nouveaux éléments osseux et den-
taires ont été récemment découverts, sont réévaluées à la
lumière des avancées cliniques et paléopathologiques afin
d’accroître notre connaissance sur la pathologie des popula-
tions pléistocènes. Cette jeune femme adulte présente une
troisième molaire supérieure droite incluse, une parodontite
généralisée, de larges lacunes osseuses rétromolaires, deux
dents surnuméraires au niveau des molaires du maxillaire
droit et des traces d’os néoformé sur les branches mandibu-
laires et les faces postérieures desmaxillaires. Pataud 1 rejoint
ainsi l’ensemble important du sujets pléistocènes présentant
des anomalies congénitales ou développementales parfois
associées (et c’est le cas pour Pataud 1) à des atteintes sec-
ondaires. L’inclusion des M3 et les dents surnuméraires sont
connues pour quelques autres sujets du Paléolithique supér-
ieur moyen, et les parodontites de stade léger ou modéré sont
fréquentes. Toutefois, une résorption alvéolaire aussi mar-
quée chez un sujet jeune est rare, et l’inflammation secon-
daire (potentiellement septicémie) qui a entraîné la produc-
tion d’os nouveau et qui peut avoir causé la mort du sujet est
inconnue pour cet échantillon.

Mots clés Dent incluse · Dent surnuméraire · Parodontite ·
Septicémie

Introduction

Paleobiological analyses of Pleistocene human remains have
identified a number of developmental abnormalities among
them, giving the impression of an elevated level of such var-
iants, which may be the consequence of pre- and/or post-natal
stress or genetic variants (see [1] and references therein). It is

S. Villotte (*)
CNRS, UMR 5199 PACEA, bât. B8,
allée Geoffroy-Saint-Hilaire,
université de Bordeaux, CS 50023, 33615 Pessac cedex, France
e-mail : sebastien.villotte@u-bordeaux.fr

A.R. Ogden
Biological Anthropology Research Centre,
Archaeological Sciences,
University of Bradford, BD7 1DP, United Kingdom

E. Trinkaus
Department of Anthropology, Washington University,
Saint-Louis MO 63130, United States

* Grant Sponsorship: Leakey Foundation, Agence Nationale de la
Recherche (ANR GRAVETT’OS [ANR-15-CE33-0004]).

BMSAP (2018) 30:153-161
DOI 10.3166/bmsap-2018-0020



unclear to what extent each of these developmental abnormal-
ities impaired the functioning of the individual involved,
although at least some of them remained physically active
throughout their lives [e.g., 2–6]. In addition, several Pleisto-
cene individuals (Dolní Věstonice 15, Tianyuan 1, Sunghir 3,
Qafzeh 12, Romito 2, El Sidrón adult-2) appear to have sus-
tained lesions, directly or indirectly, as a consequence of their
primary abnormalities [4,5,7–10]. These Pleistocene human
paleopathological cases raise questions regarding the levels
of developmental stress, inbreeding, social support, and (in
the Late Pleistocene) differential mortuary treatment of the
afflicted individuals [1,7,11]. They therefore provide indirect
reflections of the behavioral and adaptive patterns of these
Pleistocene humans.

In this context, it is important to provide detailed assess-
ments of Pleistocene individuals with developmental abnor-
malities. The late Mid-Upper Paleolithic skeleton from the
Abri Pataud, Pataud 1 (P1) [12–14], exhibits a suite of dental
developmental anomalies and lesions. Some of these were
described by Legoux [15,16]. However, additional human
remains from the Abri Pataud (especially of P1), reassign-
ment of skeletal remains by individual, and a more holistic
assessment of the P1 partial skeleton [13] provides further
insights into its anomalies (and possible cause of death).

Materials and methods

Originally described by Billy [12] and Legoux [15–17], the
P1 skeleton is now known to retain the cranium and mandi-
ble with all of the teeth except two lower incisors, 23 verte-
brae, 15 ribs, a clavicle, a partial humerus, 42 hand bones,
portions of both coxal bones, one femur, both patellae, and
33 pedal remains [13]. P1 represents the remains of a young
adult female [14]. The sex assessment done on the left coxal
bone [14] is supported by the small mastoid processes and
relatively gracile cranium (in an Upper Paleolithic context)
(Fig. 1). The spheno-occipital synchondrosis is partially
fused, as is the proximal clavicular epiphysis, but all of the
teeth (including the M3s) are fully formed with closed-root
apices. The auricular surface retains clear transverse stria-
tions. Combined, these indicators suggest that this individual
died at some point during the third decade of life, most likely
in her early 20s [14].

The P1 skeleton is associated with five other individuals,
two adults (P3 and P5) represented by upper limb remains,
two infants (P2 and P4), and a juvenile (P6) [14]. They all
derive from Level 2 of the Abri Pataud, Les Eyzies-
de-Tayac/Sireuil, Dordogne, France (44° 56′ 13″ N, 1° 0′
47″ E), excavated by H.L. Movius Jr. between 1958 and
1964 [18], and by R. Nespoulet and L. Chiotti from 2005
to 2009 [19]. Attributed to the “proto-Magdalenian” or
Final Gravettian, Level 2 dates to 28,000–26,000 cal BP

[20]. As a result of the recent excavations, it has been possi-
ble to add to the sample of Level 2 human remains substan-
tially, re-sort them by individual, and to draw inferences with
regard to the associated mortuary behavior at the Abri
Pataud [13,14]. As a result, the P1 skeleton is substantially
more complete than originally described, thereby rendering
the inventories of the human remains from Petit-Maire et al.
[21] and Billy [12] incomplete and partially inaccurate.

Of primary concern, here are the dental abnormalities and
associated facial skeletal lesions of P1. The remainder of her
preserved skeletal remains is free of pathological lesions. The
bones, and especially the alveolar processes, are exceptionally
well-preserved for the Late Pleistocene (Figs. 1 and 2).
The specimen was examined visually and using a 10× lens.
The cranium of P1 was also investigated using μCT scans
provided by the Muséum national d’Histoire naturelle. Dental
wear was recorded following Smith [22] and Lovejoy [23].
Periodontal disease was recorded following Kerr [24,25] and
Ogden [26].

Results

The Pataud 1 dentition

There is moderate occlusal wear on all of the teeth apart from
the third molars (Figs 1–6). There is exposure of cuspal den-
tine on all first molars, premolars, canines and incisors
(Smith stage 4; Lovejoy phase D). The wear is slightly
greater on the left side. The crowns of all of the third molars
are fully erupted from the alveoli, with the occlusal surfaces
of the lower molars erupted to the level of the occlusal plane.
The left M3 is within 1 mm of occlusal contact with the M3,
but the right M3 is 4–5 mm out of contact, as a result of its
mesio-angular impaction against the distal bulge above the
amelo-cemental junction of the second molar (Figs 2, 3).

The crown morphology of the P1 dentition is largely
unexceptional in an Upper Paleolithic context, with occlusal
complexity present primarily on the M3s. However, the
mandibular molars are progressively larger distally (M1 <
M2 < M3), and the M3s (length × breadth of 153.3 and
150.3 mm2) are among the largest known for the Early and
Mid-Upper Paleolithic. They are matched only by Předmostí
3 (152.3 mm2) and exceeded only by Oase 1 (170.5 mm2)
[27,28].

General oral pathology and dental abnormalities

There is residual evidence of widespread covering of dental
plaque and calculus on the buccal and lingual surfaces of all
teeth. The root surfaces are vertically exposed by 2–5 mm,
indicating some resorption of the alveolar margin, especially
in the context of the minimal occlusal wear (and hence the root
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exposure is unlikely to be due to supraeruption). The develop-
mentally original bony margin survives only on some lingual
aspects; it has completely disappeared on the buccal and labial
alveoli of all the teeth, where it is replaced by a level, rolled
and porous margin with flattening of the interdental septae
(Fig. 6). There are also large retromolar voids distal of the
M3s (Figs 4, 7a). There are also two supernumerary teeth of
simple conical form buccal to the right M2 (Figs 2, 5). One of
them has its root fused to the buccal M2 root, and the other was
separate. They have single but bifurcated roots, and both were
apparently erupted at the time of death.

Secondary abnormalities

There are large plaques of new bone deposition on the man-
dible and maxillae (Figs 5, 7). In the mandibular retromolar
areas, there are isolated elevated plaques of unconsolidated

new bone with a woven appearance (Fig. 7a). On the lingual
aspects of both rami, from the mandibular foramen to the
mandibular notch, there are large areas of sclerotic new
bone formation. The surface texture is similar to normal
bone but with multiple small foramina (Fig. 7). An area of
sclerotic new bone formation is also present on the infratem-
poral surfaces of both maxillae. On both sides, these areas
surround the apertures of what appears to be alveolar neuro-
vascular canals (Fig. 5).

Discussion

Supernumerary teeth

The two additional teeth represent separate dental elements,
even though the root of the one immediately adjacent to the

Fig. 1 Left lateral view of the P1 skull without the anterior teeth recovered recently [13]. Scale: 5 cm / Vue latérale gauche du crâne

de P1 sans les dents antérieures découvertes récemment [13]. Échelle : 5 cm
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M2 is fused to that tooth. It does not represent a parastyle, a
supplemental cusp adjacent to the paracone, given its inde-
pendent pulp chamber. The two supplemental conical teeth
are therefore best viewed as supernumerary teeth with sec-
ondary fusion of the more lingual one to the M2 [29]. Given
their position adjacent to the buccal M2 and the M1/M2 sep-
tum, they are best classified as paramolars [30].

Supernumerary teeth in the molar region (paramolars) are
among the least common of such supplemental teeth [31–
35], occurring in 0.3%– 0.8% of recent clinical samples.
They occur mostly distal to the M3s (distomolars), and
small ones adjacent to the regular molars are noted primarily
as individual cases [36,37]. In two recent human samples,
paramolars had frequencies of 0.06% and ≈0.2% [35,36].
They may be lingual or buccal and can be maxillary or man-
dibular; mandibular versus maxillary predominance is vari-

ably reported [30,37 versus 38,39]. Paramolar crowns can be
simple conical shapes or may be more molariform [40].
They are rarely bilateral [37,41], but the double unilateral
ones of Pataud 1 appear to be unreported. Paramolars are
usually located adjacent to the M2/M3, and rarely occur at
the M1/M2 [36]. As with supernumerary teeth in general
[32,35], they are more common in males. In this context,
the double maxillary M2 to M1/M2 paramolars in the Pataud
1 female are exceptional. The already low probability of
finding a paramolar in an isolated Pleistocene specimen,
even with the relatively abundant sample of Upper Paleo-
lithic remains, would be further reduced by it being double
and in a female.

Supernumerary teeth may be clinically silent or the cause
of complications, such as disturbed tooth eruption, tooth
rotation, cystic formation, crowding, spacing or diastemata

Fig. 2 Occlusal view of the P1 maxillary dental arcade (the right canine has been added digitally because the broken/glued root does not

fit in the socket). Note the supernumerary teeth (arrow), and the large third molars. Scale: 2 cm / Vue occlusale de l’arcade dentaire max-

illaire de P1 (la canine droite a été ajoutée par photomontage, car sa racine cassée et recollée ne rentre plus dans son alvéole). Les

dents surnuméraires (flèche) et les troisièmes molaires larges sont notables. Échelle : 2 cm.
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of normal teeth [31,36,42–46]. Most supernumerary teeth
are idiopathic, but they also occur in genetic syndromes,
the two most commonly cited ones being cleidocranial dys-
plasia and familial adenomatous polyposis (FAP) [47].
Supernumerary teeth are reported in other conditions, such

as Nance–Horan, trichorhinophalangeal, Opitz BBB/G,
Rubinstein–Taybi, oculofaciocardiodental, and Robinow
syndromes [47]. All of these conditions usually imply skele-
tal manifestations [47–49] not seen in P1. Thus, it is best to
consider the supernumerary teeth in P1 as idiopathic.

In the Mid-Upper Paleolithic, there are at least two other
cases of dental congenital developmental abnormalities. The
Pataud 6 (P6) juvenile exhibits a vertically inverted develop-
ment of the right P4 [15,16]; its position cannot be due to
postmortem displacement in the crypt, as the tooth germ is
firmly maintained in its position by the root of the right
dm2. Such dental developmental inversions are very rare
[50]. The Dolní Věstonice 15 mandible has an unerupted
mandibular supernumerary tooth, and the isolated Dolní Věs-
tonice 33 and Pavlov 21 teeth may have been supernumerar-
ies [51,52].

Dental impaction

The P1 dentition exhibits impaction of the right M3, leading
to its incomplete eruption by the time of death. Dental
crowding is known in the Mid-Upper Paleolithic [7], but
there are only three cases of third molar impaction (Dolní
Věstonice 3 and 15, and Cro-Magnon 4258), all of which
involve the mandibular third molars [52,53].

Periodontal disease

Periodontitis is the result of the accumulation of bacterial
plaque at the gum margins leading to inflammation and
destruction of the periodontal tissues that anchor the tooth.
It is characterized by the presence of inflammation at the
marginal gingivae, together with loss of attachment, which
results in the formation of a periodontal pocket (a
pathologically-deepened gingival crevice, forming a cylin-
drical cavity around the root, extending toward the apex).
Chronic periodontitis is usually painless. However, the tis-
sue destruction seen in periodontitis is progressive and irre-
versible. Bone loss is probably not the result of any specific
destructive factor, but may be more dependent on the bal-
ance between destructive bacterial factors and the level of
host response [54,55].

The modern dentistry definition of periodontal disease (a
distance of >2 mm between the amelo-cemental junction and
the alveolar crest) is problematic in fossils because alveolar
crests preserve poorly and it assumes minimal dental wear or
continuous eruption due to a lack of opposing dentition [26].
However, in the P1 remains, the minor dental wear, the
marked resorption of the alveolar margin, and its appearance
(rolled and porous) exclude taphonomic processes and com-
pensatory/continuous eruption, thus indicating a diagnosis
of mild to moderate periodontitis [24–26]. The overall

Fig. 3 Lateral view of a parasagittal section through the CT data at

the level of the right upper molars, showing the impaction

of the third molar against the second molar / Vue latérale d’une

section parasagittale des données scanners au niveau des molaires

supérieures droites, illustrant l’impaction de la troisième molaire

contre la deuxième

Fig. 4 Occlusal view of the P1 mandible, showing the progres-

sively larger distal molars, the occlusal complexity of the M3s,

and the retromolar voids. The recently discovered mesial teeth are

not included. Scale: 2 cm / Vue occlusale de la mandibule de P1,

montrant l’augmentation distale progressive des dimensions

des molaires, la complexité morphologiques des troisièmes

molaires et les lacunes osseuses au niveau des espaces rétromo-

laires. Les dents antérieures récemment découvertes ne sont pas

incluses. Échelle : 2 cm
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pattern in P1 is not exceptional, except for its extent in an
adult who died in the early third decade of life.

Several cases of periodontitis (juvenile or aggressive
types) occurring with the presence of supernumerary teeth
have been reported [56–62]. The biological relationship
between the two phenomena is debated [59]. To distinguish
an aggressive periodontitis in quiescent phase from a chronic
type in archeological material appears challenging [63], and

a relationship between the supernumerary teeth and peri-
odontitis cannot be ruled out for P1.

Pataud 1 new bone growth

Legoux hypothesized that the oral health of P1 was suffi-
ciently poor that she may have died from septicemia
[15,16]. However, even though periodontitis is associated
with an increase in mortality risk [64], it is relatively com-
mon in living populations [55] and present in half (n = 36) of
the Early/Mid-Upper Paleolithic adolescents and adults [53].
Thus, the periodontitis of P1 per se does not appear as a
special case for the Late Pleistocene. Yet, the large plaques
of new bone deposition on the mandible and maxillae, not
mentioned by Legoux, indicate a more advanced condition
(it is worth mentioning that a similar—though more severe
—case has been reported by Anderson [65]).

In the retromolar areas, the woven appearance of the new
bone formation indicates that the periosteal reaction was
active at the time of death, whereas in the other affected
areas the surface texture is more similar to normal bone but
hypervascularized, indicating inactive or slowly progressing
lesions [66]. We can discard the hypothesis that these

Fig. 6 View of the P1 right mandible showing the resorption

of the margin of the alveolus with flattening of the interdental sep-

tae / Vue latérale droite de la mandibule de P1 montrant la résorp-

tion alvéolaire et l’aplatissement des septums interalvéolaires

Fig. 5 Posterolateral view of the P1 right maxilla showing the form and position of the supernumerary tooth still in place, and the socket

of the second supernumerary tooth, plus the second (more buccal) supernumerary tooth separated from its alveolus. Note the remains

of calculus on the buccal surfaces of the teeth and the area of sclerotic new bone formation present on the infratemporal surface, sur-

rounding the aperture of the alveolar canal (arrow). Scale: 2 cm / Vue postérolatérale du maxillaire droit de P1, avec la dent surnumér-

aire encore en place et la localisation de la deuxième dent surnuméraire, les restes de tartre sur les surfaces buccales des dents et la zone

d’os néoformé autour de l’ouverture du canal alvéolaire (flèche). Échelle : 2 cm
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changes are related to the growing process; periosteal reac-
tions are relatively common in juveniles, but they are seen
in infants [66], not in individuals in early adulthood. We
can also discard a taphonomic origin for these changes as
they indicate both production of new bone and hyper-
vascularization.

The lesions clearly visible in P1 are osteological evidence
of long-standing and widespread inflammation of the
mucosa and periosteum of the anterior oro-pharynx, still
active at the time of death. Moreover, the area of sclerotic
new bone formation surrounding the aperture of the alveolar
neurovascular canal of both sides is most readily explained
as the retrograde spread of infection from a tooth or the max-
illary sinus along these canals.

Periosteal reactions should be interpreted with caution, as
its etiology appears to have minimal influence over its even-
tual macroscopic and radiological appearance [67]. How-

ever, in this well-preserved specimen, it is possible to iden-
tify the most probable origin of these plaques of new bone
deposition, and to formulate a hypothesis regarding the
death of the individual. Soft-tissue swelling and tooth impac-
tion, worsened by the supernumeraries on the right, allowed
major food and plaque stagnation, would have produced an
acute pericoronitis of the mucosa with inflammation of the
underlying periosteum. The pericoronitis would have led to
a massive swelling of the mucosa, probably compounded
with trismus caused by spasm of the medial pterygoid mus-
cles [68,69]. This would have worsened the condition, mak-
ing any form of oral hygiene impossible. Eventually this
would have led to local suppurative complications (periton-
sillar abscess or cellulitis), which may have caused the pre-
mature death of this individual through a combination of
respiratory obstruction and septicemia. Although death
from an oral infection is currently extremely rare, even

Fig. 7 Views of the new bone plaque formation on the right side of the P1 mandible. Note the isolated elevated plaque of unconsolidated

new bone with a woven appearance in the retromolar area (arrow in C) and the area of sclerotic new bone formation on the lingual aspect

of the ramus (arrows in B and D) / Vue de la face interne droite de la mandibule de P1. On note une plage isolée surélevée d’os nouveau

(aspect tissé) dans l’espace rétromalaire (C, flèche) et une plage d’os néoformé plus ancienne sur la face interne de la branche montante

(B et D, flèches)
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simple pericoronitis around erupting teeth could develop
into a deadly infection before the advent of antibiotics
[70]. Thus, even if the hypothesis of P1 dying by septicemia
is not testable, our assessment indicates that it appears to be a
strong possibility.

Conclusion

The young adult female from the Abri Pataud joins a grow-
ing list of Pleistocene human remains with developmental
abnormalities, in this case the maxillary supernumerary
teeth. In combination with the impacted right M3 and a gen-
erally high level of periodontal inflammation for someone
early in the third decade, this individual experienced sub-
stantial new bone formation on the maxillary and mandibu-
lar areas adjacent to the posterior dentition. As such, it adds
to the growing list of Pleistocene human remains with either
rare or exceptional (undiagnozable) developmental condi-
tions [1,7,11,71]. The young adult female from the Abri
Pataud adds another unusual individual to this pattern.
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