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Abstract

Objectives: Here we describe the case of an ectopic maxillary third molar (M3),

preventing the eruption of the M2, in the individual H3 of the hominin hypodigm of

level TD6.2 of the Early Pleistocene site of Gran Dolina (Sierra de Atapuerca, Spain).

Materials and Methods: The fossil remains from the TD6.2 level of the Gran Dolina

site (about 170 specimens) are assigned to Homo antecessor. Different geochronolog-

ical methods place these hominins in the oxygen isotopic stage 21, between 0.8 and

0.85 million years ago (Ma). The immature individual H3 is represented by an almost

complete midface (ATD6-69), preserving various teeth in situ. We used high-

resolution microtomograhy (mCT) to investigate the abnormal position of the left M3,

virtually reconstruct M2, and M3 as well as assessing the development stage of these.

Finally, we compare this case with extinct and extant populations.

Results: Based on the identified signs, we suggest that individual H3 suffered from a

unilateral impaction of the M2 as a result of the ectopic position of the developing M3.

Discussion: We conclude that the most likely etiology for the ectopic position of the

M3 is the lack of space in the maxilla. We discuss possible contributing factors, such

as morphometric aspects of the maxilla and the early mineralization of the M3, to

support the M2 impaction. Finally, due to the early age at death of this individual we

did not identify any secondary lesion associated with the M2 impaction.

K E YWORD S

dentition, early Pleistocene, ectopic molar, Homo antecessor, secondary molar impaction

1 | INTRODUCTION

Paleopathological studies, such as the identification of traumatic

and/or infectious lesions, showed their potential to reveal aspects of

the subsistence strategies in Neandertal specimens as well as in the

specimens from Dmanisi and Atapuerca-Sima del Elefante (Berger &

Trinkaus, 1995; Martín-Francés et al., 2014; Martinón-Torres et al.,

2011); locomotor habits in Homo antecessor (Martín-Francés,
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Martinon-Torres, Gracia-Téllez, & Bermúdez de Castro, 2015); violent

behavior in the population of Sima de los Huesos (SH) (Gracia-Téllez

et al., 2013; Sala et al., 2015) and Neanderthals (Churchill, Franciscus,

McKean-Peraza, Daniel, & Warren, 2009; Zollikofer, Ponce de León,

Vandermeersch, & Lévêque, 2002) as well as signs of conspecific care in

the SH population (Gracia et al., 2010) and Neanderthals (DeGusta, 2002;

Trinkaus & Villotte, 2017). Therefore, the identification of pathological

conditions in hominins remains an important finding in the assessment of

the health status and behavioral patterns in an individual and/or popula-

tion (e.g., Crovella & Ardito, 1994; Kappelman et al., 2016; Lovell, 1991;

Martín-Francés et al., 2015; Martín-Francés, Martinón-Torres, Gracia-

Téllez, & Bermúdez de Castro, 2016; Sun et al., 2014; Trinkaus & Villotte,

2017). In particular, the identification of dental pathologies in extinct spe-

cies contributed to expanding our knowledge about these species, includ-

ing: dietary preferences, use of medicinal plants to relief pain from

infectious processes, metabolic stress or evidence of handedness (Cunha

et al., 2004; Estalrrich & Rosas, 2013; Hardy et al., 2012). Although dental

impaction, defined as the cessation of tooth eruption due to a physical

barrier or due to tooth malposition (Bondemark & Tsiopa, 2007; Mor-

tazavi & Baharvand, 2016), is quite common in modern humans

(Hashemipour, Tahmasbi-Arashlow, & Fahimi-Hanzaei, 2013; Mortazavi &

Baharvand, 2016) this condition is comparatively rare in fossil hominins.

Only six cases of dental impaction have been reported in the literature,

two in the genus Australopithecus (Gibson & Calcagno, 1993) and four in

Neanderthals (Bilsborough & Thompson, 2005; Dean et al., 2013; Frayer,

Gatti, Monge, & Radovči�c, 2017; Weinberger, 1948).

The Early Pleistocene, ~0.85 Ma (e.g., Falguères et al., 1999; Arnold

et al., 2015; Duval et al., 2018), fossil collection from Atapuerca-Gran Dolina

(TD6) comprises approximately 170 isolated elements assigned to H. ante-

cessor (Bermúdez de Castro et al., 1997). H. antecessor is characterized by a

unique combination of primitive and derived features. While primitive fea-

tures are mostly present in the dentition, the majority of derived traits are

related to H. antecessor modern-like facial morphology, pattern of facial

remodeling and dental development (Arsuaga et al., 1999; Bermúdez de

Castro et al., 1999; Bermúdez de Castro et al., 1999; Bermúdez de Castro &

Martinón-Torres, 2014; Bermúdez de Castro, Martinón-Torres, Arsuaga, &

Carbonell, 2017). Based on dental remains, the fossil assemblage represents

MNI of eight individuals between 3.5 and 17 years old (Bermúdez de Cas-

tro, Martinón-Torres, Martín-Francés, et al., 2017). Despite the fragmentary

nature of this material, a series of pathological studies reported both trau-

matic and degenerative lesions in this species (Martín-Francés et al., 2015;

Martín-Francés et al., 2016; Pérez-Pérez & Gracia, 1998).

In this study, we present a new case in the fossil record showing evi-

dences of an impacted tooth that affected H. antecessor individual H3

from Atapuerca-TD6. Using macroscopic (visual inspection) and micro-

scopic techniques (micro-computed tomography), we describe the signs

related to the tooth impaction and provide the most likely diagnosis.

2 | MATERIAL

ATD6-69, a partial face, consisting of components of the right and left

maxillae, as well as the left zygomatic, was recovered in 1995 from the

TD6.2 level of the Atapuerca-Gran Dolina site (Burgos, Spain). The speci-

men represents individual H3 of the TD6 hypodigm. According to modern

human standards, the estimated dental age of this individual was 10–11

(Bermúdez de Castro, Martinón-Torres, Arsuaga, et al., 2017; Bermúdez

de Castro, Martinón-Torres, Martín-Francés, et al., 2017). Fractures affect

the right maxilla at various locations, including the posterior surface of

the alveolar process causing the loss of the right M2 and M3. On the con-

trary, the left maxilla is complete and preserves in situ the P3, M1, and the

developing M2 and M3 (Figure 1). Despite the fracture, the left maxilla

lacks any sign of distortion (Figure 1).

For comparative analysis, we had access to CT scans of clinical

patients from the Pellegrin and Necker hospitals (France). Approval to

use these pre-existing CT scans, gathered from the medical institutes

cited above, was obtained by the “Comité consultatif pour la protec-

tion des personnes dans la recherche biomédicale Bordeaux A". All

persons gave their informed consent prior to their inclusion in the

study and patient anonymity has been preserved.

3 | METHODS

In addition to the macroscopic description of the bone and dental

remains, we employed micro-computed tomography (mCT) images for

the 3D reconstruction and visualization of the maxilla and dental

remains. Scanning of the specimen was conducted at the Microscopy

laboratory of the National Research Centre on Human Evolution

(Burgos, Spain) with GE 103 Phoenix v/tome/x_s 240 with the follow-

ing scan parameters: 120 kV, 120 μA, 0.2 mm Cu filter, resulting in an

isometric voxel size 0.67 mm. The image stack was then imported in

Amira (v6.2, FEI, Inc.) for the segmentation of the bone and teeth. Fol-

lowing, two of the authors (LMF and MMP) performed the 3D recon-

struction of the bone and M2 and M3 molars.

For comparative purposes, and in order to evaluate the position

of the M3 during its development, we visualized 74 CT scans of infant

patients, 38 corresponding to females and 36 to males, between

4 and 12 years. Of those, we only selected the individuals with similar

developmental stages exhibited by ATD6-69, and with signs of no

pathological conditions. The selected sample includes nine individuals

with ages comprised between 9 and 11 years. CT scans belonging to

the living patients were imported into Amira software package (v6.2,

FEI, Inc.) and isosurface module was employed to visualize the maxil-

lary bone and dentition. The collection comes from the Pellegrin and

Necker hospitals (France) and currently is part of the database of the

bioanthropology group at PACEA laboratory (University of Bordeaux).

4 | RESULTS

4.1 | Description of the findings

We identified the abnormal position of the left M3. That is, the devel-

oping crown of the M3 is positioned on top of the M2, partially cover-

ing the distal surface of this crown, and appears rotated, with the
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F IGURE 1 Specimen
ATD6-69, original fossil:
(a) frontal; (b) occlusal and
(c) posterior views (scale 2 cm);
(d) close up of the maxillary left
M2, on top the developing crown
of the M3 (not to scale)

F IGURE 2 3D volume
(isosurface) of specimen
ATD6-69. Top: occlusal view with
the 2D cross-section planes.
Bottom left: mesio-distal and
bottom right: bucco-lingual cross-
section planes where the
developing crown of the M3 on
top of the M2 crown is
observable
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bucco-lingual surfaces facing the mesio-distal direction (Figures 2 and

3). In contrast, the M2 crown is completed but the root complex is

under development. We observed that on the buccal aspect, the mesial

and distal developing roots were already bifurcated and had a maxi-

mum length of 6.13 mm. On the contrary, the bucco-distal and lingual

radicals remain as a single structure. Based on the root measurements

of another M2 from TD6, specimen ATD6-20, the estimate in

ATD6-69 M2 corresponds to 1/2 of the total root length. Moreover,

when digitally extracting the left M3, we observed that the M2 fills the

alveolar space for both teeth (Figures 1 and 3). The M3 does not pre-

sent the final morphology as layers of cuspal (or appositional) enamel

are still to be deposited in the cusps, as well as the completion of the

cervical aspect of the crown. Despite being incomplete, the crown

appears slightly compressed in the mesio-distal direction (Figure 3).

In the clinical patients, only three present unilateral abnormal posi-

tion of the M3. One female and one male, 9.92 and 11.42 years, respec-

tively, presented the condition on the left side whereas one male, of

10.75 years, present the condition on the right side. The female patient

presents the same ectopic position as described for ATD6-96 speci-

men. That is, the M3 crown is located on top of the M2 crown and dis-

tally placed covering half of the occlusal surface. The three patients

have in common the abnormal morphology of the developing crown of

the M3. This is characterized by a “bean-like” shape, elongated on

mesio-distal axis and compressed on the bucco-lingual axis.

4.2 | Diagnosis

Tooth eruption is defined as the occlusal movement of a tooth from

its developmental position towards its functional position (Ten Cate,

1998). Facial growth, as consequence of bone remodeling predomi-

nantly on the posterior and superior surfaces, ensures the correct

dental eruption. In particular, bone deposition at the maxillary tuber-

osity (MT) provides space for the eruption of the molars (Björk &

Skieller, 1972; Enlow & Bang, 1965; Melsen, 1975; Sperber, 2001;

Vardimon et al., 2010). However, failure of continued bone growth

during the eruption period prevents full eruption resulting in mal-

eruption, impacted teeth or noneruption of the last formed teeth

(Björk & Skieller, 1972; Melsen, 1975; Sperber, 2001; Vardimon et al.,

2010). Individuals affected by systemic factors usually present with

various teeth and/or bilateral involvement, while individuals affected

by local events, such as crowding, lack of space related to craniofacial

morphology or the presence of a cyst, normally exhibit involvement of

only one tooth (Bondemark & Tsiopa, 2007; Magnusson & Kjellberg,

2009; Raghoebar, Boering, Vissink, & Stegenga, 1991).

Bondemark and Tsiopa (2007) described five types of eruption

disturbances, including: (a) ectopic eruption (disturbance in the erup-

tion path, an emerging tooth comes into contact with another).

(b) Impaction (cessation of tooth eruption due to a physical barrier or

due to tooth malposition). (c) Primary retention (cessation of eruption

of a normally placed and developed tooth without an observable

physical barrier). (4) Secondary retention (is similar to the primary, but

in this case without presence of physical barrier or ectopic position of

the tooth). (5) Agenesis (congenital absence of a tooth).

Tooth impaction refers to tooth retention caused by an obstacle

in the eruption path or ectopic position of the tooth germ

(Magnusson & Kjellberg, 2009). Tooth impaction is a common phe-

nomenon in modern populations; the most commonly affected tooth

is the maxillary and mandibular M3, followed by maxillary canines,

maxillary and mandibular premolars, and maxillary central incisors. The

F IGURE 3 3D volume (tissue segmentation) of specimen ATD6-69. (a) Buccal view of the maxilla (in transparent), M2 (enamel in blue and
dentine in yellow) and developing crown of M3 (green); close up of the dental remains in buccal view. (b) Occlusal view of the maxillary M2
(enamel in blue) and the M3 crown (in green). The M3 presents a bean-like morphology, is rotated with the buccal surface in mesial direction and
covers the distal surface (2/3 of the total crown surface) of the M2 crown. (c) Posterior view of the maxilla (transparent), M2 (enamel in blue and
dentine in yellow) and developing crown of M3 (green); close up of the dental remains in distal view
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prevalence of impacted tooth can vary between 8 and 38% depending

on the country and exhibits female predilection (Mortazavi &

Baharvand, 2016). In some populations the percentage of M3 impac-

tion can be as high as 50% (Hashemipour et al., 2013; Jung & Cho,

2013; Scherstén & Lysell, 1989). On the contrary, impaction of the

first and, especially, second molars is rare (Kaur & Shefali, 2012). Prev-

alence of impacted M2 is low and varies between 0.08 and 2.3%

(Bondemark & Tsiopa, 2007; Magnusson & Kjellberg, 2009; Souki,

Cheib, de Brito, & Pinto, 2015).

In modern humans, few studies reported cases of M2 impaction

due to an ectopic M3 (Levy & Regan, 1989; Ranta, 1985; Salentijn,

Ras, Mensink, & van Merkesteyn, 2008; Souki et al., 2015). For

instance, Souki et al. (2015) reported a prevalence of 0.16% in a Bra-

zilian population. Salentijn et al. (2008) observed that in all cases

where the M3 acted as the barrier, the developing crown of the M3

was overlying the M2 and located palatally and distally to the M2

developing molar. Moreover, the M3 possessed an abnormal shape

characterized by beanlike crown morphology (see figure 2 in Salentijn

et al., 2008). This beanlike morphology of the M3 crown could be con-

sequence of the lack of maxillary space together with the palatal posi-

tion of this molar. It is believed that the position of the two follicles

(M2 and M3) in a more cranial plane may exert pressure by the M2

over the M3. In turn, the M3 will bend around the M2 follicle. The final

consequence of this developmental anomaly is the prevention of the

normal crown and root formation (Salentijn et al., 2008 and references

therein). In modern cases, treatment of the impacted permanent

molars consists on the removal of the physical barrier (i.e., extraction

of the M3 developing crown). However, if this condition is untreated

the M2 will remain unerupted and secondary lesions will result, includ-

ing caries, periodontal disease, root resorption and/or cysts

(Ahlqwist & Gröndahl, 1991; Mortazavi & Baharvand, 2016; Shear &

Speight, 2007).

Considering the described signs (abnormal position and morphol-

ogy of the maxillary M3, see Figures 1–3) and the similarities shared

with living patients we suggest that individual H3 suffered from an

eruption disturbance on the left maxillary side. Unfortunately, since

the right side of the maxilla is broken, we cannot assess the develop-

mental stage/position of the molars at this location. Following

Bondemark and Tsiopa (2007) classification, ATD6-69 condition cor-

responds to type b: unilateral impaction of the M2. In particular, the

ectopic position of the M3 will be the cause, acting as the physical

barrier, for the unerupted M2. Due to the lack of signs related to sys-

temic factors (including the involvement of several teeth), we believe

that most likely cause for the condition exhibited in the individual H3

is a local factor (such as lack of space related to craniofacial

morphology).

5 | DISCUSSION

The precise pattern of facial ontogeny is determined by skeletal

growth and structural adjustment through bone remodeling (deposi-

tion and resorption) as well as reposition of the anatomical structures.

In particular, the MT is the dominant area for dental arch growth and

the type of bone tissue found in this area, nonlamellar bone, is

involved in rapid growth. During growth, maxilla is moved and

repositioned in a progressive anterior direction while bone deposi-

tion occurs in the surface of the MT. Bone deposition ensures arch

lengthening and studies have reported that 85% of the maxillary

length is achieved at the age of 6 years (Enlow & Bang, 1965;

Sperber, 2001; Vardimon et al., 2010). After this age, Vardimon et al.

(2010) observed two peaks of MT growth. The first one occurred at

the age of 8–9, coincident with the initiation of M2 root develop-

ment; and, the second peak at the age of 10–11, before the eruption

of the M2. An average growth of 11.45 mm was recorded from age

six to age 11; after this age and until 20 years of age the arch

maintained its length.

Although teeth are under significant genetic control, these struc-

tures are independent from the genetic factors that guide the devel-

opment of the other facial elements (Dempsey & Townsend, 2001;

Galluccio, Castellano, & La Monaca, 2012). Tooth crowns develop

very early during prenatal and postnatal ontogeny and due to their

lack of remodeling are less likely to adapt to environmental and patho-

logical changes (Sperber, 2006). Even at a smaller scale, each tooth

represents a different developmental module because each tooth

germ develops independently of each other, even ectopically (Song,

Yan, Muneoka, & Chen, 2008; Wagner, Mezey, & Calabretta, 2005).

Abnormal tissue interaction during odontogenesis can result in differ-

ent dental anomalies (Jheon, Seidel, Biehs, & Klein, 2013; Liu et al.,

2008; Ramanojam, Halli, Hebbale, & Bhardwaj, 2013; Stock, 2001).

For instance, experimental studies showed that Wnt/beta-catenin sig-

naling is active throughout tooth development, and that mutation in

the β-catenin causes formation of large, misshapen tooth buds and

ectopic teeth (Liu et al., 2008); therefore, any tooth can develop and

erupt ectopically (Kjaer, 2014). In particular, occlusion-related pathol-

ogies, including ectopic, impacted, and rotated teeth as well as dental

crowding, has been related to multiple factors involving insufficient

regional bone growth and position as well as dental size and angula-

tion during eruption (Barberia-Leache, Suarez-Clúa, & Saavedra-

Ontiveros, 2005; Bjerklin & Kurol, 1983; Nikiforuk, 1948; O'Meara,

1962). Studies on the mandible identified the shortage of space

between the second molar and the ramus to be the major factor

influencing third molar impaction, although other contributing factors

are mandibular length, tooth size, and angular eruption (Abu Alhaija,

Al Bhairan, & AlKhateeb, 2011; Björk, 1963; Capelli, 1991). This

potential incongruence (reduction of the maxilla and mandible length

together with tooth size) may be the initial cause of the theorized

dental anomalies in modern populations (Mossey, 1999a, 1999b).

Studies on skeletal and dental development revealed that one cause

of ectopic eruption of canines and third molars is the comparatively

early craniofacial growth and the late dental mineralization (Becker &

Chaushu, 2000; Svendsen & Björk, 1988). Depending on the popula-

tion, the observed frequency of ectopic eruption is between 1.52 and

14.4% for maxillary canines, and 2–4% for both maxillary first and sec-

ond molars (Barberia-Leache et al., 2005; Bergström, 1977; Hwang,

Choi, Lee, Chung, & Kim, 2017; Kazanci, Celikoglu, Miloglu, Ceylan, &

MARTÍN-FRANCÉS ET AL. 5



Kamak, 2011; Kotsomitis, Dunne, & Freer, 1996; Thongudomporn &

Freer, 1998).

Due to the age of H3 individual, it could be argued that the

abnormal position of the M3 could resolve once maxillary growth had

completed. On the contrary, in modern humans horizontal growth of

the maxilla markedly reduced or has ceased after year 11 (Melsen,

1975; Vardimon et al., 2010). Studies on growth trajectories

(Freidline, Gunz, Harvati, & Hublin, 2013) and morphology (Arsuaga

et al., 1999) in ATD6-96 concluded that this specimen already pres-

ented the adult morphology. Based on these findings, we assume that

the maxillary horizontal growth was either completed or about to be

completed in ATD6-69. TD6 specimens combine a gracile facial mor-

phology with a relatively large dentition (Bermúdez de Castro et al.,

1997; Bermúdez de Castro, Martinón-Torres, Arsuaga, & Carbonell,

2017; Bermúdez de Castro, Martinón-Torres, Martín-Francés, et al.,

2017). In addition, the reported advanced mineralization of the M3 in

relation to the M2 (Bermúdez de Castro et al., 1999; Modesto-Mata,

2019) could result in the disturbance of the correct eruption of the

M2. Therefore, we suggest that in ATD6-69 the presence of the facial

morphology with a relatively large dentition together with the early

mineralization of the M3) could be the cause of the lack of space,

abnormal position of the M3 and resulting impaction of the maxillary

M2. All these signs further support the ectopic M3 as a physical barrier

for the normal M2 eruption. Finally, it is likely to assume that in indi-

vidual H3 the condition would not resolve, but that instead secondary

lesions, such as caries, cysts or periodontal lesions, would develop.

Previous studies in the hominin fossils have described pathologi-

cal lesions related to impacted teeth in two Australopithecus speci-

mens and four Neanderthals (Bilsborough & Thompson, 2005; Dean

et al., 2013; Frayer et al., 2017; Weinberger, 1948); although in the

one Neanderthal specimen from Grotte du Renne this remains specu-

lative (Bailey & Hublin, 2006). All individuals exhibit mandibular

involvement (two M3 and three canines), except for the specimen

KNM-WT17400, where the condition involves the M3. The factors

accounting for these impactions included dental crowding (Gibson &

Calcagno, 1993), rotation (Frayer et al., 2017) as well as the retention

of deciduous canines (Bilsborough & Thompson, 2005; Dean

et al., 2013).

The condition described here for TD6-H3 is most likely the result

of a local and isolated event, such as lack of space. The complex inter-

play between the space of developing teeth throughout facial devel-

opment (Arsuaga et al., 1999; Lacruz et al., 2013), dental size, and

development (Bermúdez de Castro et al., 1997) in H. antecessor

requires further investigation when more remains are recovered.

6 | CONCLUSION

Studies showed that paleopathological findings in extinct species have

the potential to reveal genetic predisposition, occupational tasks as

well as behavioral patterns. In this article, we describe the ectopic

development of the M3 and secondary impaction of the M2 in individ-

ual H3 belonging to the Early Pleistocene H. antecessor, as

consequence of a local factor: lack of space. Still, the relationship

between the ectopic molar, potential lack of space and the morpho-

metric and developmental characteristics of H. antecessor requires fur-

ther investigation.
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