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The reported incidence of neoplasia in the extinct hominin record is rare. We describe here the first
palaeopathological analysis of an osteogenic lesion in the extinct hominin Homo naledi from Dinaledi Cave
(Rising Star), South Africa. The lesion presented as an irregular bony growth, found on the right lingual surface
of the body of the adult mandible U.W. 101-1142. The growth was macroscopically evaluated and internally
imaged using micro-focus x-ray computed tomography (UCT). A detailed description and differential diagnosis
were undertaken using gross and micromorphology, and we conclude that the most probable diagnosis is
peripheral osteoma — a benign osteogenic neoplasia. These tumours are cryptic in clinical expression, though
they may present localised discomfort and swelling. It has been suggested that muscle traction may play a role in
the development and expression of these tumours. The impact of this lesion on the individual affected is
unknown. This study adds to the growing corpus of palaeopathological data from the South African fossil record,
which suggests that the incidence of neoplastic disease in deep prehistory was more prevalent than traditionally
accepted. The study also highlights the utility of micro-computed tomography in assisting accurate diagnoses of
ancient pathologies.

1. Introduction 2015). The context of the Naledi deposition in the cave has been

described by Dirks and colleagues (Dirks et al., 2015, 2016), and the

We present a detailed case study and palaeopathological analysis of
a mandibular exostosis present on the lingual aspect of the U.W. 101-
1142 fossil specimen, initially identified by Laird and colleagues (2016)
as a mandibular osteoma. This was recovered from the Dinaledi
Chamber, Rising Star Cave, Cradle of Humankind, South Africa.
Rising Star Cave is located within the dolomitic karst landscape of
the Cradle of Humankind World Heritage Site, some 50 km outside of
Johannesburg, South Africa (Fig. 1). Excavations at the site have, to
date, yielded more than 1550 identifiable fossil elements (Berger et al.,
2015; Randolph-Quinney, 2015). The fossils were derived from at least
15 individuals, a total likely to represent a small fraction of the fossils
remaining in the chamber and awaiting excavation (Fig. 2). This
discovery is the largest single fossil hominin assemblage found on the
African continent to date (Berger et al., 2015; Randolph-Quinney,

formation of the assemblage is interpreted as being due to deliberate
body disposal by conspecifics (Dirks et al., 2015, 2016), a process
known as funerary caching (after after Pettitt, 2011; Berger et al., 2017;
Randolph-Quinney, 2015). Fossils from the Dinaledi Chamber have
been attributed to the taxon Homo naledi (Berger et al., 2015; Laird
et al.,, 2016). While highly primitive in terms of cranial capacity and
body size, this taxon presents a mixture of primitive and derived
characters that convincingly argue for inclusion in the Homo genus
(Berger et al., 2015; Dembo et al., 2016; Laird et al., 2016; Schroeder
et al., 2015).

The Dinaledi Chamber fossils have been shown to be late Middle
Pleistocene in age. Based on optically stimulated luminescence (OSL)
dating of the cave sediments, U-Th and palaeomagnetic dating of
flowstones, and U-series and electron spin resonance (ESR) dating of
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Fig. 1. Location of the Rising Star Cave system within the Cradle of Humankind, South Africa.

Fig. 2. Layout photograph of some of the Dinaledi Chamber fossils. The figure includes all
of the material incorporated into the diagnosis of Homo naledi, and includes the holotype
specimen, paratypes and referred material list in Berger and colleagues (2015). The fossil
shown make up 737 partial or complete anatomical elements, many of which consist of
several refitted specimens. Specimens not identified to element, such as non-diagnostic
long bone or cranial fragments, are not shown. The ‘skeleton’ layout in the centre of the
photo is a composite of elements that represent multiple individuals. The view is
foreshortened and the table on which the bones are arranged is 120-cm wide for scale.
Image, courtesy of John Hawks and taken with permission from Berger et al., 2015.

teeth, the skeletal remains from the Dinaledi Chamber were deposited
between 236 ka and 335 ka (Dirks et al., 2017). This Middle Pleistocene
date should not be viewed as representing first or last appearance of
Homo naledi, whilst some researchers have suggested that the species
may be of Lower Pleistocene origin or older, based on analyses of
cranial morphology (Dembo et al., 2016; Thackeray, 2015). A second
chamber within the Rising Star cave system has recently yielded further
remains of Homo naledi (Hawks et al., 2017). This has been named the
Lesedi Chamber, and has yielded the remains of at least three
individuals which fall within the range of morphological variation
exhibited by the Dinaledi Chamber fossils; for the moment the Lesedi
Chamber fossils remain undated.

2. Materials

Specimen U.W. 101-1142 is an adult right mandibular fragment
comprising the midpoint and proximal aspect of the body extending to
the mandibular angle, including the RM, and RM3, and a portion of the
distal (inferior) ramus, excluding the coronoid, condyle processes and
anterior mandibular body. This partial mandible has been attributed to
Homo naledi; a detailed description of the morphology and metrics of
the specimen can be found in Laird and colleagues (Laird et al., 2016).
The specimen was recovered in a partially fragmented state, and
reconstructed by Peter Schmidt. The largest fragment of U.W. 101-
1142 preserves a damaged right corpus, RM,, RM3, and a portion of the
right ramus. To this fragment, a piece of the gonial region and a small
portion of the ramus have been refit (Fig. 3a and c). An isolated RM;,
U.W. 101-1304, fits into the preserved portion of the M; alveolus
(Fig. 3f). Supporting their allocation to a single biological individual,
the interproximal contact facets of U.W. 101-1304 and the U.W.
101-1142 M,, match in size and shape. Other isolated teeth from the
U.W. 101 assemblage may represent this individual as well, but their
associations are less certain.

As judged by dental eruption and attrition, U.W. 101-1142/1304 is
an adult. Further, though lacking dentine exposure, the M3 cusp tips are
blunted by wear, which corresponds to Smith’s (1984) wear stage 2.
The M, has tiny pits of dentine exposed over each of its buccal cusps;
though, much of the occlusal fissure pattern remains (stage 3). The
U.W. 101-1304 M, is worn and uncoalesced pits of dentin are exposed
over each of the five cusps (stage 4) (Fig. 3c). Antemortem enamel
chipping is also evident on all three molars. The allocation of U.W. 101-
1142/1304 to H. naledi is supported by its dental morphology. For
example, the molars have an M; < M, < M; size gradient, the
hypoconulid on all molars is relatively large, all molars lack super-
numerary cusps (Fig. 3f), the protostylid is present on M, and M3 as a
faint crest restricted to the mesiolingual corner of the crown, and a
three-dimensional geometric morphometric analysis of the enamel-
dentine junction shows that the U.W. 101-1142 M, falls into a unique
region of phenotype space with the rest of the U.W. 101 molar teeth.

3. Methods

The specimen was evaluated macroscopically, and the morphology
was compared to all other mandibular specimens of Homo naledi
recovered to date. Initial external macro-photographic images were
taken using a Canon 70D 20MP DSLR, with a 60 mm Canon EF 2.8
macro lens and ring-flash. Following macro-photography, images of the
internal structure of the specimen were obtained using micro-focus X-
ray computed tomography (uCt) at the Evolutionary Studies Institute of
the University of the Witwatersrand. Scanning of the bone fragment
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Fig. 3. External morphology of the U.W. 102-1142 mandible. (A) buccal (B) posterior (C) lingual (D) anterior (E) inferior and (F) occlusal views. All image derived from 3D surface

rendering of micro-tomographic volume data.

was carried out by K.J. and L.K.D. using a Nikon XTH 225/320 LC puCT
system. This was done using a confocal beam of X-rays produced using a
potential difference of 60 kV. The source to specimen to detector
distances were chosen to keep the fossil in the field of view and
resulted in a resolution of 16 pm. Volume reconstruction was under-
taken by K.J. using CT-Pro 3D, with the image volume output as a tiff
stack. Subsequent imaging, with 2D orthoslice generation and 3D
volume rendering was carried out by P.S.R-Q, L.K.D. and E.J.O. using
Avizo Amira 5.4.5 (see Fig. 3 panel). Analysis of internal structure and
external morphology was undertaken by E.J.O., P.S.R-Q., LK.D. and
J.S.S.

4. Results

The lingual surface of the body of the U.W. 101-1142 corpus
displays an irregular bony growth on the corpus, noted in the formal
description of the specimen by Laird and colleagues (Laird et al., 2016).

This is externally visible as an irregularly-shaped bony mass attached
directly to the right lingual cortex, directly below RMj3 The exostosis
measures approximately 10 mm in diameter and is located 20 mm
below the mylohyoid line, and 20 mm cranially from the inferior
margin of the corpus. Macroscopically, the external surface of the
exostosis appears relatively smooth and sub-rectangular to ovoid in
shape, with rounded edges in the inferolateral quadrant and with a
somewhat planar (flattened) surface along its superior edge. To the
antero-superior aspect of the lesion can be seen a short vascular canal
(Fig. 3c), which travels mesially, penetrating parallel to, and then
diving obliquely into the cortex of the corpus (Fig. 4a), before
connecting with the medulla (Fig. 4b).

Cross-sections (2D orthoslices) derived from micro-tomographic
imaging (Fig. 6a-h — see Fig. 5 for guide to slice placement) indicate
an irregularly shaped hemispherical, bi-lobular mass sessile dome-
shaped, 1 cm diameter, sub rectangular to oval application to cortex
with smooth convex surface, indicating slow if any enlargement in
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Fig. 4. Detailed image of vascular canal observed superior to the bony mass. This canal does not occur within the range of normal variation of Homo naledi and may be co-responsive with
the formation of the lesion. The canal travels disto-mesially, penetrating parallel to, and then diving obliquely into the cortex of the corpus (surface rendered view 4a), before connecting

with the medulla (orthoslice 4b).

Fig. 5. Anatomical location of orthoslices A to H displayed in Fig. 6.

premortem time, which is integrated almost completely into the lingual
cortex. The mass is dominated by a large primary lobe, with a smaller
lobule occurring in the disto-inferior quadrant. The lesion is complete,
with no post-mortem loss, except for a slight discontinuity caused by
post-mortem cracking of the cortex in the inferolateral portion; this
cracking can be seen penetrating the junction between the mass and the
cortex in Figs. 6a-d.

The internal morphology of the mass is highly informative
(Fig. 6a-h). The central region of the lesion exhibits a stratified convex
lamella (radio-opaque laminations) in cross section (Fig. 6¢ and e) as in
the common button osteoma which is most pronounced in the anterior
half of the exostosis. Overall, the cortical bone and the margin of the
lesion are contiguous to the extent that it is difficult to distinguish the
cortex from the lesion, other than the slightly sclerotic and irregular
internal morphology of the bone at the margin. There is no evidence of
invasion by the mass sub-cortically into the medulla of the corpus, and
instead the mass presents a lingual expansion of the cortex as seen in
Fig. 6e-g. As noted above, a well-defined vascular canal is also present
on the external cortex of the corpus, just antero-superiorly to the lesion
(Fig. 6a and b). Whilst this does not penetrate the lesion directly, the

walls of the canal share a similar pattern of radiopacity as seen in the
outer edge of the lesion, and the presence of the canal may well be
predicated on the presence and growth of the lesion. Such a vascular
feature is not noted or identified in any other comparable mandibular
specimen of Homo naledi (Laird personal communication, November
2016) and was not observed in non-pathological modern human
mandibles in the Raymond A. Dart Collection (University of the
Witwatersrand, sampled by E.J.O) and skeletal collections housed at
the University of Central Lancashire (sampled by P.S.R-Q.).

4.1. Differential diagnosis

Diagnosis was undertaken using both palaeopathological and clin-
ical diagnostic criteria (Ortner, 2003; Resnick, 1995; Roberts and Cox,
2003; Rothschild and Martin, 1993; Vigorita, 2008). The presence of re-
organized sclerotic bone indicates an ante-mortem process, and the
lesion cannot therefore be attributed to taphonomic, diagenetic, or
pathology-mimicking effects or processes (Bloem and Kroon, 1993).
The accumulated evidence for both osteogenic and osteosclerotic
processes indicates that the pathological process was chronic, with no
evidence of aggressive bone remodelling, cortical resorption, osteolysis,
and sub-periosteal reactive processes (Aufderheide and Rodriguez-
Martin, 1998; Bloem and Kroon, 1993). With specific regard to the
specimen, the lesion offers no evidence of a healed bone fracture or any
bone deformity, as a consequence of traumatic insult. Traumatic
avulsion at a remote muscle insertion site with subsequent remodelling
is possible (given the proximity of the lesion to the medial pterygoid
muscle) though we consider this unlikely given the lobulated morphol-
ogy of the lesion, and the lack of sub-periosteal reactive processes or
osseous reaction within the surviving region of the medial pterygoid
enthosite. There is no evidence of perilesional or endosteal inflamma-
tion of the mandibular bone cortex or associated osteolytic lesions on
the jaw, ruling out any form of systemic infection or inflammatory
diseases such as condensing osteitis, periodontal, periapical, or endo-
dontal lesions, including mandibular osteomyelitis and Garre’s scleros-
ing osteomyelitis (Nakano et al., 2008). Osteosarcoma is not comprised
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Fig. 6. Coronal (A to D) and transverse (E to H) micro-tomographic orthoslices through the U.W. 101-1142 mandible. See Fig. 5 for anatomical location of each slice.

of lamellar bone and the small size of the lesion is unrealistic and thus
rules out osteosarcoma as a possible diagnosis (Mensforth et al., 2000;
Strouhal et al., 1997; Suzuki, 1987; Unni and Dahlin, 1989).

The morphology and location of the lesion suggests that several
bone-forming pathologies should be included in a differential diagnosis
for this condition and include: osteochondroma, osteoid osteoma,
mandibular osteoma, and mandibular torus (exostosis). Table 1 lists
and details the diagnostic criteria

As there is no visible evidence of delineation with the bone cortex
which shows total integration (Ragsdale, 1993), a generally smooth
texture of the lesion under study indicates a strong possibility of
mandibular osteoma (Baykul et al., 2003; Capasso, 1997; Durao
et al., 2012; Fallahi Motlagh et al., 2015; Federspiel, 1924; Georgalas
et al., 2011; Green and Boweran, 1974; Johann et al., 2005; MacLennan
and Brown, 1974; Premuzi¢ et al., 2013; Roy, 2008; Sayan et al., 2002;
Souza et al., 2015; Steinberg and George, 1989; Yadav et al., 2015) with
secondary diagnosis of mandibular exostosis. Based on the observed
gross pathological, micro-morphological, and location criteria, the two

most likely diagnoses are mandibular osteoma (Baykul et al., 2003;
Capasso, 1997; de Souza et al., 2015; Durdo et al.,, 2012; Fallahi
Motlagh et al., 2015; Federspiel, 1924; Georgalas et al., 2011; Green
and Boweran, 1974; Johann et al., 2005; MacLennan and Brown, 1974;
Premuzi¢ et al., 2013; Roy, 2008; Sayan et al., 2002; Steinberg and
George, 1989; Yadav et al., 2015) or congenital mandibular torus
(exostosis). Exostoses are hyperplastic bone protuberances occurring in
mandibular and maxillary bone (Allan and Reid, 1967; Katz et al.,
1993; Revington, 1984; Sanders and McKelvy, 1977; Smitha and
Smitha, 2015). They can be trabecular or cortical in nature and mostly
comprise mature bone. Generally, they are bilateral lesions, and we are
unable to ascertain whether this is bilateral expression due to the
absence of the left mandibular antimere. However, internal morphol-
ogy, the location of the lesion (occurring below the mylohyoid line),
and its relationship to the alveolus is inconsistent with such an
exostosis. We consider it most likely that this specimen presents
peripheral mandibular osteoma, and thus a condition of benign
osteogenic neoplasia.
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Differential diagnostic options for the U.W. 101-1142 mandible.

Osteochondroma (mandibular)

Osteoid osteoma

Osteoma (of the jaw)

Tori or mandibular exostoses

A common benign bone tumour, also known as osteocartilaginous exostosis. It can be interpreted as a developmental irregularity; commonly
asymptomatic, and if singular has a low malignancy potential. They are usually slow growing, and presents as a radiopaque mass with well-
defined margins. Radiographic images have indicated exophytic growths measuring 3—4 cm. Osteocartilaginous exostosis (osteochondromas)
are generated from a cartilage cap by enchondral ossification and present with a bony stalk-type protrusion; a smooth cortical plate develops
with mature bone. The cartilage cap will stop its growth and is completely absorbed by the enchondral process. It is rare in the in the
maxillofacial region due to intra-membranous growth of these bones, and tends to occur wherever bones grow through endochondral
ossification; when seen in the mandible it most commonly affects the condylar and coronoid processes (Sanders and McKelvy 1977; Andrade
et al., 2014).

A benign slow-growing bone-forming tumour. It usually originates in spongy bone but can also involve the cortex. Usually less than 2 cm in
diameter. Presents characteristically with a lucent nidus framed with a thin fibrovascular rim surrounded by sclerotic tissues of host bone. The
nidus may exhibit a central mineralised region. Radiologically seen as round or oval lesions less than 2 cm in diameter, with a 1-2 mm
peripheral radiolucent zone in radiographs. They are usually cortical lesions, and can manifest anywhere in the bone. Up to 80% of cases are
found in the long bones of the lower extremities. Other sites include the hands, feet, pelvis, vertebrae, and phalanges. Less than 1% of cases
occur in the jaws (Infante-Cossio et al., 2016; Singh and Solomon, 2012; Greene et al., 1968; de Souza Dias and Frost 1974; Zulian et al., 1987;
Radcliffe et al., 1998; Tochihara et al., 2001; Liu et al., 2002; Jones et al., 2006; An et al., 2013; Adouly et al., 2015; Da Costa et al., 2015).
Types of mandibular osteoma include periosteal (peripheral), endosteal (central) or extra-skeletal (coming from soft tissue). Several different
causes such as neoplastic, developmental and reactive have been inferred as possible etiologic factors for mandibular osteoma. These peripheral
osteomas have been argued are not neoplastic because they are slow growing. Other researchers have reported them as a reactive condition
caused by trauma, because peripheral osteomas typically present on the inferior border of the buccal aspect of the mandible which is an area
susceptible to traumatic insult. Peripheral osteomas are usually located in close proximity to muscle attachments, suggesting muscle traction
may be involved in their development (Roy 2008). Although common in crania, they are less common in the jaws, though they occur more
frequently in the mandible than the maxilla. The lingual region of the mandibular body is one of the most frequent sites for this osteoma
(Richards et al., 1986; Sayan et al., 2002). Radiographically they can present as a single, well defined, pedunculated (or not), oval or round
mushroom-shaped radiopaque mass displaying a density resembling bone (Kaplan et al., 1994). A histologic similarity of “button osteomas” of
calvarium and osteomas of mandible has been established. The frequency of button osteoma is similar in modern (37.6%) and archaeological
(41.1%) populations, in blacks, whites, males, and females, and correlates with age. It is rare in nonhuman primates. The frequency of large
osteomas (0.5-1.0 cm) was similar in young and old age groups. The demographic characteristics of button osteoma, mainly its high frequency
among ancient and modern populations, its independence of sex and race, its scarcity in other primates, and the fact that its macro- and
microstructure are indicative of an hamartoma, and not a neoplastic osteoma or post-traumatic exostosis. This suggests an evolutionary history
to this condition (Eshed et al., 2002). Alternative locations for the presentation of osteomas include external auditory canal, orbits, temporal
bone and pterygoid process (Soni and Bhargava 2014; Federspiel 1924; Green and Boweran 1974; MacLennan and Brown 1974; Steinberg and
George 1989; Capasso 1997; Sayan et al., 2002; Baykul et al., 2003; Johann et al., 2005; Roy 2008; Georgalas et al., 2011; Durao et al., 2012;
Premuzic et al., 2013; de Souza et al., 2015; Fallahi Motlagh et al., 2015; Yadav et al., 2015). The World Health Organization (WHO) in its
recent classification of diseases reports osteoma as a benign Aussies neoplasm, and specifically distinct from exostoses and tori, which are
hamartoma, has been followed by several investigators (Agrawal et al., 2015). The published literature is contradictory on frequency of the
condition. The lingual region of the mandible is considered one of the most common loci for mandibular osteoma (Richards et al., 1986; Sayan
et al., 2002). According to Khandelwal et al. (2016), involvement of the mandibular lingual cortex is rare.

Tori are amongst the most frequent benign jaw lesions (Platzek et al., 2014). Tori are outgrowths of bone projecting from the surface of the
mandible or maxilla (Choi et al., 2012; Cortes et al., 2014; Igarashi 2016). They consist mostly of compact bone, and are homogenously
mineralised. Mandibular tori typically form from the inner surface of the mandible, and are found near the premolars and distal to the molars.
They are commonly found below the alveolus and above the mylohyoid muscle attachment (Sneck et al., 2009; Hassan et al., 2012). Some
researchers however, disagree and note that torus mandibularis is also known from the lingual surface of the mandible and often located medial
to molar roots (lhunwo and Phukubye 2006). They are not commonly exhibited before 10 years old (Shah et al., 1992). They are known to occur
bilaterally, with solitary tori more commonly observed than multiple occurrences and are known to present earlier in life (Axelsson and
Hedegard, 1981). They are not commonly exhibited before 10 years old (Shah et al., 1992). Several studies have reported incidences of tori and
exostoses, increase with age, with higher prevalence observed in the over 18 year old age group (Auskalnis et al., 2015). Tori are more
commonly known to occur during mid-life (Garcia-Garcia et al., 2010). In both male and female, incidence of the two types of tori was the
highest in the 35-65 year old group (Haugen, 1992). Some consist of marrow space and display trabeculations. In a clinical case study, patients
presenting with torus mandibularis showed a much greater prevalence with characteristics such as a square-shaped jaw, sharp angular
morphology (P = .001) and a normal mandibular cortex (P = .03). The subjects displaying an absence of torus mandibularis were more highly
likely to have rounded mandibles with less sharp angular morphology and mandibular cortical erosion. The study concluded that parafunctional
activity may be a possible cause of torus mandibularis by applying stress in the locus where the tori typically develop. This may infer that
squarely-shaped mandibles, which are more prone to stress concentration, may be associated with a greater incidence of torus mandibularis
(Cortes et al., 2014). This may have an interesting implication for this pathology in hominin mandibles in future studies.

5. Discussion

The hominin individual associated with U.W. 101-1142, most likely
was affected by a peripheral osteoma, a benign osteogenic neoplasm. A
neoplasm (‘new-growth’ or tumour) is defined as a mass of localised
tissue growth, the cellular proliferation of which is no longer subject to
the effects of normal growth-regulating mechanisms (Binder et al.,
2014; Capasso, 2005; Retief and Cilliers, 2011; Weinberg, 1983). A
neoplasm may be benign or malignant; in the case of malignancy they
are often referred to as cancer (Aufderheide and Rodriguez-Martin,
1998; Ortner, 2003). The preserved signatures of neoplasms of any kind
are rare in archaeological populations, and are extremely rare in the
fossil record (Capasso, 2005), though there is building evidence for
such conditions in the fossil record as recent publications attest. The
earliest confirmed evidence of neoplastic disease, an osteoid osteoma,
comes from a 300-million-year-old fossil fish (Phanerosteon mirabile)
from the Devonian Period (Capasso, 2005; Ortner, 2003; Rothschild

et al., 1999; Rothschild et al., 2003; Rothschild and Martin, 1993). The
condition is also the first observed neoplasia in the hominin fossil
record, with a case of vertebral osteoid osteoma from the MH1 skeleton
of Australopithecus sediba from Malapa, South Africa, dated to 1.98 Ma
(Randolph-Quinney et al., 2016). Osteoid osteoma also has been
recognised in 24,000-year-old European mammoths (Leshchinskiy,
2012). The earliest evidence for malignancy (cancer) in the hominin
record comes from Swartkrans, South Africa, with a case of parosteal
osteosarcoma dated to c¢. 1.7 mya (Odes et al., 2016). Other reported
cases of neoplasia (both benign and malignant) are rare in the fossil
record, with the majority of cases in the human lineage dating from the
Holocene (Capasso, 2005; Ortner, 2003; Rothschild and Martin, 1993).

Osteoma of the cranium, particularly of the vault, is widely reported
from the palaeopathological record of the Holocene, with (less-fre-
quent) mandibular cases noted (Capasso, 2005; Ortner, 2003;
Rothschild and Martin, 1993). In non-human primates it is worth
noting that benign osteomas have been observed in both gorilla
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subspecies but have not been seen in either chimpanzees or orangutans
(Lovell, 1990). Because the pathogenesis of osteoma is not fully
resolved, some researchers regard it as a neoplasm whilst others deem
it to be the consequence of a traumatic insult (Bloem and Kroon, 1993;
Capasso, 1997; MacLennan and Brown, 1974; Roy, 2008). Both
hamartomatous and neoplastic factors have been advocated, but no
definite conclusion has been reported. Developmental, neoplastic and
reactive causes have been attributed as possible etiologic factors
(Capasso, 1997), though it is unlikely that peripheral osteomas are a
developmental anomaly, as most cases occur in adults (MacLennan and
Brown, 1974; Roy, 2008). The oncogenetic basis of this condition is for
the present unresolved. Other benign osteogenic tumours display a
clear genetic basis to expression. In osteoid osteoma for instance,
cytogenetic chromosomal studies indicate that there is some degree of
genetic basis to the condition. This includes duplications and deletions
at 22q13.159, the locus of which reflects genes that play a role directly
in osteogenesis (PDGF-B and ATF-4), and aberrant expression of
transcription factors Runx2 and Osterix, both of which are master
regulators of osteoblastic lineage differentiation (Baruffi et al., 2001;
Selvarajah et al., 2010; Weinberg, 1983).

With regards to the U.W. 101-1142 specimen, clinical manifesta-
tions and effects on the individual may have been slight. Large tori have
been known to present with small amounts of localised discomfort (Gil
Tutor, 1999). From modern clinical studies it is known that osteoma is a
slow growing lesion, which is often cryptic, though it may have caused
other symptoms such as pain and localised swelling. The proximity of
the lesion to the insertion of the medial pterygoid muscle, and the
associated vascular involvement and sequestration of the cortex
suggests the potential impact on normal function of the medial
pterygoid, which may have had consequences for elevation of the jaw
on the right side, as well as consequential discomfort of the right
temporo-mandibular joint. This is in keeping with the classification of
the condition. Many peripheral osteomas are in close proximity to
muscle attachments (i.e. masseter, medial pterygoid, temporalis), and
researchers have considered it possible that muscle traction may play a
role in the development and expression of these tumours (Al-Yahya
et al., 2015; Arzul et al., 2012; Baykul et al., 2003; Kaplan et al., 2008;
MacLennan and Brown, 1974; Ogbureke et al., 2007; Roy, 2008).

This study illuminates the importance of the challenge of under-
standing ancient hominin neoplastic disease and other diseases, con-
strained by limited sample sizes versus the more abundant samples of
modern clinical disease restricted studies of tumours in human speci-
mens of skeletal remains, making definitive diagnoses difficult
(Aufderheide and Rodriguez-Martin,1998; Capasso, 2005; Ortner,
2003). However, neoplastic disease has been observed by a number
of past studies of benign and malignant bone tumours arising from the
fossil record that extend into deep ancient time (Capasso, 1997, 2005;
David and Zimmerman, 2010; Davies and Lineweaver, 2011; Odes
et al., 2016; Randolph-Quinney et al., 2016; Retief and Cilliers, 2011;
Roberts and Cox, 2003; Rothschild et al., 1999; Rothschild et al., 2003;
Rothschild and Martin, 1993). The paucity of definitive neoplastic
evidence in the archaeological and fossil record may well be put down
to a number of factors such as preservational or sample size bias, poor
imaging methods, or deficient analyses. Computed tomography, and
micro-computed tomography in particular, has been widely suggested
as the imaging method of choice when diagnosing bone neoplasms,
where radiolucency and sclerosis are most often evidenced, and is
especially useful when experiencing difficulty with dense bone material
(Odes et al.,, 2016). Modern imaging techniques (such as micro-
computed tomography or phase-contrast synchrotron tomography),
and the use of carefully selected clinical skeletal comparatives have
become exceedingly important tools in assisting with obtaining accu-
rate diagnoses of ancient pathologies.
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