Were Neanderthals biting off more than they could chew? Evidence from

the temporomandibular joint of Middle and Late Pleistocene hominins
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INTRODUCTION RG1- Compare TMJ shape in H. heidelbergensis, H. neanderthalensis, and H.
Neanderthal cranial form has long been considered unique among hominins, but it sapiens Modern H. sapiens
remains unclear what evolutionary pressures may have produced this unique morphology. e R e
One leading hypothesis is that the Neanderthal face was adapted to generating relatively * bgPC 1 (Figure 2) represents 62% of the sample variation and was significantly
high (or repetitive) forces on the anterior dentition (i.e., the anterior dental loading correlated with size (25% of shape variation, P=0.0001)
hypothesis (ADLH)). If Neanderthals were routinely loading their anterior teeth, then we . AP long glenoid

bgPC 1 separated H. neanderthalensis and H. heidelbergensis from modern H.
sapiens, fossil H. sapiens overlapped with both fossil hominins and modern H.
sapiens

large postglenoid process
raised articular eminence
long preglenoid plane

should observe a masticatory configuration that is consistent with increased efficiency of the
masticatory apparatus for extensive use of the anterior dentition. While this has been
suggested to be the case by some (e.g., Spencer and Demes, 1993), others (e.g., O’Connor et
al., 2005) suggest Neanderthals were unable to produce unusually high bite forces.
Furthermore, recent analyses hypothesize that some Neanderthal masticatory apparatus
features are linked to increased jaw gape (Rak et al., 2003; Rak and Hylander, 2014).
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* Shape variation along bgPC1 was related to width vs. length of the glenoid, size of
the preglenoid plane, inclination of the articular eminence, and size of the
postglenoid process

Fossil H. sapiens

As the joint connecting the mandible to the cranium, the temporomandibular joint * Procrustes distances among groups found significant differences between all e
(TMJ) plays an important role in dissipating masticatory forces and governing mandibular comparisons of fossil hominins vs. modern humans, but no differences between
range of motion (e.g., Hylander, 1975, 2006; Greaves, 1978). Variation in some aspects of human populations or between H. heidelbergensis and H. neanderthalensis. Fossil H. bgPC1 (62%)
TMJ form across primates has been suggested to be related to masticatory function (Bouvier, sapiens differed significantly from modern H. sapiens and the other fossil taxa FIEITE 2 (R 0EE IR [l D) @ECpEes (Lo e (18 eine SliEnel hosss

landmarks showing the first two axes and corresponding shape variation.

1986a,b; Wall, 1999; Vinyard et al., 2003; Terhune, 2011); TMJ form may therefore be

informative for understanding masticatory function in Neanderthals.
RG2- Test biomechanical hypotheses

 However, in the fossil sample, only two variables

* In the modern human sample, multiple linear variables Jo NS . L . ‘
RESEARCH GOALS were significantly different among groups o differed significantly beicween H. heidelbergensis
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Sample: 46 fossil hominins (H. heidelbergensis, H. neanderthalensis, H. sapiens; Table 1); 1 . o o " -
Modern H. sapiens with different diets (Aleutian Islanders n=20; lllinois Bluff n=14) ‘ 4 S o R T
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Data collection and analysis:
* 3D landmark data analyzed using standard geometric morphometric techniques (GPA,

between-group PCA, regression) were used to compare TMJ form among taxa (Fig. 1) RQ3- Assess TMJ pathology in fossil hominins CONCLUSIONS

* Linear measures of TMJ and masticatory shape were extracted from the 3D data to test * 15 out of 46 fossils examined were identified as pathological. The ~ * The GM analysis reveals significant shape differences between the
:)lomfechanlcal hypothefes .(Table 2); Student S elesisene used to statistically compare most common sign of pathological changes was an altered joint fossil and modern samples, including differences between fossil
Aleutian Islanders vs. lllinois Bluff and H. heidelbergensis vs. H. neanderthalensis) contour, followed by porosity of the joint surfaces. No specimens and modern H. sapiens. This may indicate important temporal

* Fossil specimens were evaluated for TMJ Table 1. Fossil specimens examined for this study. showed signs of eburnation. l changes in masticatory function and robusticity in humans, as has

___Specimen | Original/Cast | Institution |  Element been suggested by Carlson and Van Gerven (1977).

osteoarthritis (OA) following Rando and
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Figure 1 (Right). Three-dimensional (3D) Homo neanderthalensis » H. heidelbergensis (3/8, 38%) 1 (Hylander, 1979, 2006; Hylander and Bays, 1979).
landmarks on the glenoid fossa and L - Kabwe » The GM and linear analyses suggest few significant differences
corresponding wireframe diagram. Original and * Mauer between H. heidelbergensis and H. neanderthalensis samples.

) ) Cast MP Crani A . . - -

Table 2 (Below). Linear variables analyzed a1 oo AN il  Sima de los Huesos 5 Thus, there is no clear biomechanical signal that the Neanderthal
d their predicted variation gi | e : ) : : : : :
selection for increased bite forces vs. rapina 39.1 ML izr:ircarf;;“nfz * H. neanderthalensis (8/24, 33%) Lipping and remodeling masticatory apparatus is adapted for either increased anterior bite

incr:easEtlj gfape;‘The s:me r;‘redictions arle : Cast IPH Temporal bone e Amud forces or increased gape.
applicable for the modern human sample, Krapina 59 Cast IPH Mandible . . . . . . . . . .
T T Al [y e ' Guattari (Monte Circeo) Pathological analysis revealed 15 fossil specimens with signs of

Krapina 63 Smith (1976) Mandible

predicted to be selected for increased ‘ - Krapina 66 Smith (1976) Mandible . (rapina 59 / W TMJ OA. Specimens with OA were spread across all three taxa
AT RIS Hlorfoch 7 A (s Lo thapeTe S s B * La Chapelle-aux-Saints Extreme remodeling with examined. Neanderthals did show a high prevalence of TMJ OA,

relative to the lllinois Bluff population. La Ferrassie 1 Original MdH Cranium and mandible

AE entirely remodeled

(%)
©
<

[

La Ferrassie 2 Original MdH Temporal bone * La Ferrassie 1 (extreme remodeling) ~_E but no more so than was observed for H. heidelbergensis. These
standardized [ TR 0 | e merenset R —L2.Quine b27 —— — —— . F ie 2 results suggest that all fossil hominins considered here have a
\ieasurement name for size by: mcr::;seefo?cr;t:rlor é glgsrei?se La Quina H5 Original MdH Cranium and mandible -d erraSSle gg ]
: : Original MdH Mandible  La Quina H5 somewhat higher prevalence of TMJ OA than most contemporary
EmparaEnSE AR Saccopastore 1 Original Sap Cranium l ' 0 ) )
n/a Nean>Heidel Nean<Heidel Saccopastore 2 Original Sap Cranium £ Shanldar ] and 5 humanS (average = ~22 /O; Rando and Waldron9 20]2)
/MandLgCr Nean>Heidel St daigs €255 A, S &g [MeReble * Fossil H. sapiens (4/14, 29%) * Further analyses linking the degree of dental wear directly to
n/a Nean>Heidel Cast NMNH Part. cranium and temporal . . .
T Nean=Heidel S RINSE e T * La Madeleine pathological changes in the TMJ are necessary. Recent work
/MandlgCr  Nean>Heidel ~ Nean<Heidel Spy 2 Original RIS SR 2 Yeraniumlandimendible e Rochereil suggests that Neanderthals may not exhibit relatively higher
n/a Nean<Heidel Tabun 1 Original BNMH Cranium and mandible . .
/MandLgM Nean>Heidel Tabun 2 Cast IPH Mandible « Skhul V degrees of anterior tooth wear than other Late Pleistocene
Mendigv  NeansHeidel  NeancHeidel o e o -
o/ R Original o E—— * Vogelherd (Stetten) hormnnns, a ﬁr?dlng which : consnsten.t wlth the result here that H.
IEreleid | \Eeietie Original | Conimerd mei heidelbergensis and H. sapiens have similar rates of TMJ OA.
VLT SR . Cast IPH Temporal and mandible . . . .
/MandlgCr  Nean>Heidel oot AVINH i * Overall, this study provides little support for the anterior dental
G Nean<Heidel Nean>Heidel . . : : :
O IR EHOWIIIN <o swamp 1 [NEE: PH Cranium loading hypothesis, but does suggest that plastic changes in the
. . | KowSwamp5 Cast IPH Crani d mandibl . . S— -
/Man:tgl\/l Nean>Hef:e: orimal o e ACKNOWLEDGEMENTS TMJs of Middle and Late Pleistocene hominins are common.
Masseter lever arm /x;an ggr Nean>Heide F— AMNH Cranium and mandible . . | | |
/Mae:(:lngr Nean>Heidel Original IPH Cranium . l::'_flns worl?’:/Ang:l)d ]rl]ott.havT Il\)Aeen pOSSIlf)l]S] v;/lth(l)LlJ_’:.iccess(;c\?l\’/c&fo?llfv:{?gt rgus;ulm cctnlllectl.or;_sl: Mu.see
H CaSt AMNH Cranium and mandible e Omme ; a Iona useum O a ura ls ory ; nS I u e a eon O Ogle umalne anaer vv. . In: Laskin , Greene ) ahaer , €ds. chwartz an attersall, . e Human Fossi
/MandLgCr Nean<Heidel Original IPH T —— (IPH); American Museum of Natural History (AMNH); British Natural History Museum (BNMH); Institute LITERATU RE CITED Hyigmdpor\:avmi%gfb«:IirLDi%réérsG:YanI(E.vigsn;-:‘ycilASpr{:{:\ég zhzﬁcgrfé;\l}gfoﬁz UVESZEI%Z ’ . fF |
TMI height (above occlusal  singa IO BNMH Calvarium of Human Origins (IHO); Universita La Sapienza (Sap); Stuttgart State Museum of Natural History Bl e s et W, By R 1675, Arch Orol Biol 24568560, S
) . /MandLgM Nean<Heidel : : (SMFNK); Museo Pigorini (MP); Royal Belgian Institute of Natural Sciences (RINSB). This project was gg:\slclaer:ll'_\)/,l.\llan GRodmasmsl, | iaticac 0’Connor et al. 2005. AIPA 127:129-151. Spencer M, Demes B. 1993. AJPA 91:1-20.
plane)- mandible Cast AMNH Cranium and mandible . it AR S A gL i Rak Y, Hylander W. 2014. AJPA 153:216. Terhune CE. 2011. JHE 61:583-596.
/MandLgCr Nean>Heidel Schwartz and Tattersall (2002) S ae cnand e funded by an AAPA Professional Development Grant. Y, SR, AR L) Rak et al. 2003. AJPA 119:199-204. Vinyard et al. 2003. AJPA 120:153-170.

Hylander W. 1979. J Morph 159:253-296. Rando C, Waldron T. 2012. AJPA 148:45-53. Wall CE. 1999. AJPA 109:67-88.



