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SUMMARY: Comparison of ancient and modern mandibles is important to understand the evolutionary trends and to identify
affinities between ancient and modern populations. Many studies have been conducted around the globe to compare an@emt and mod
mandibles, but there are no recorded studies in Sri Lanka. Therefore, the objective of this study was to compare the ynofphometr
mandibles excavated at prehistoric sites in Sri Lanka with modern Sri Lankan mandibles. Eleven prehistoric human mandibles were
included in this study. They were selected from different prehistoric sites in Sri Lanka namely Batadombalena, Belileifggrigiéllan
Palassa, Pallemallala, and Potana dating back to 4500 and 10,000 YBP. A total of 59 modern mandibles from the Departoregt of Ana
Faculty of Medicine, Wayamba University of Sri Lanka, and from the Department of Anatomy, University of Peradeniya weddinclude
this study. A total of six mandibular measurements were taken from each mandible. Mean measurements were calculated according t
gender using the SPSS 23 version. Comparison of means was done with independent samples t-test to determine the faggniftesnt dif
According to the study, all the mean measurements of modern mandibles were lesser than ancient mandibles with referemaedo gend
some measurements had a significant difference. The mandible has become smaller in size with time in the Sri Lankarnbogiulation
is compatible with the evolutionary trend of most populations around the globe. This may be mainly due to the changebitsfobd ha
people with time, as suggested by world literature.
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INTRODUCTION

The human mandible is one of the facial bones, vitahegalithic and historic era. The extremely primitive way of
for creating facial architecture. The craniofacial morphologipod preparation used by hunter-gatherers resulted in either
of humans has undergone considerable morphological atadv or partially processed food for their consumption. The
morphometric changes as they evolved (Humpletegl, introduction of agriculture in the megalithic era and the
1999). Therefore, comparing ancient and modern humarstoric era produced a more processed diet for their
mandibles will distinguish human evolutionary trends andonsumption (Stansfieldt al, 2018). Biomechanical and
reveal morphological and morphometrical variations dinite element studies demonstrated that mandibular shape
mandibles in people living during different eras. In additionyas heavily affected by the orientation and magnitude of
this would discover the affinities between ancient anchasticatory forces (Stansfiedd al, 2018).
modern populations by the presence of ambiguous traits.

Prehistoric humans consumed a greater variety of

The mandible has a structural tendency to changefiard, raw, unprocessed, or partially processed foods.
response to genetics, environmental factors, and physi€nsequently, prehistoric people used their jaws vigorously
stress brought on by dietary consistency and habits of eatiogforce the meal into their mouth and for chewing. Because
(von Cramon-Taubadel, 2011). The food consistency awd this, their mandibles had a large, robust structure that
food habits changed from the hunter-gatherer nomadic waljowed them to exert powerful pressures when manipulating
of life of the prehistoric era to agricultural life of thefood in the mouth and chewing (Stansfieidal, 2018).

Department of Anatomy, Faculty of Medicine, Wayamba University of Sri Lanka.
2Department of Anatomy, Faculty of Medical Sciences, University of Sri Jayewardenepura, Gangodawila, Sri Lanka.

Received: 2024-08-04 Accepted: 2024-10-05

110



KATUPELELLA, C.; KONARA, W.; EDIRISINGHE, S.; DISSANAYAKE, H. & YASAWARDENE, S.  Morphometric comparison of mandibles excavated from the prehistoric sites of Sri Lanka
with modern Sri Lankan mandibldst. J. Morphol., 43(1)110-115, 2025.

When fire and food processing methods were developed  Several morphological and morphometrical studies
during the course of human evolution, food became lesave been conducted to determine the sex, age at death,
tough and required less force from the jaws to be ingeststdture, way of life, and pathology of the human skeletal
and chewed. As a result, the mandible reduced in its sizmains excavated from these prehistoric sites
and robusticity. This was proven by numerous resear8atadombalena, Belilena, Bellan-bandi Palassa, Pellemalala,
investigations that compared the historic and prehistordgmd Potana by Kennedyal (1987), Der (1992), Kanthilatha
mandibles of the world with the mandibles of moderet al (2012) and Chandimadt al. (2019), respectively.
humans (Mooreet al., 1968; Humphreyet al, 1999; However, the morphometry of mandibles of prehistoric
Stansfieldet al, 2018). skeletal remains in Sri aniyagala, Lanka have not been fully
studied and documented. Morphology and morphometry of
The prehistory of Sri Lanka dates back to aboudrehistoric human mandibles and modern human mandibles
125,000 YBP (years before the present) and possibly gdes/e been extensively compared globally (Luther, 1993;
even as further as 500,000 YBP covering the Palaeolithidumphreyet al, 1999; von Cramon-Taubadel, 2011;
Mesolithic, and early Iron Age (Deraniyagala, 1992). Th8tansfieldet al, 2018; Akbuluet al, 2020; Xuet al, 2022).
chronology of prehistoric human skeletal remains of SHowever, there is no reported evidence to determine the
Lanka ranges around 40,000 YBP, and prehistoric humarandibular morphological and morphometrical variations
skeletal remains of around 34,000 YBP onwards standhbetween prehistory and present-day humans in Sri Lanka.
a more complete form providing better and moré&hus, the objective of this study was to compare the
informative evidence. The prehistoric human skeletahorphology and morphometry of the prehistoric mandibles
record of the country is much more complete and represediscovered at prehistoric sites of Batadombalena, Belilena,
the best human skeletal record sequence present in Sdghan-bandi Palassa, Pellemalala, and Potana Sri Lanka,
Asia (Kennedyet al, 1987). Prehistoric sites which arewhich date back between 4500 and 10,000 YBP, with the
located in various climate zones of the country yield humanandibles of the present-day mandibles.
skeletal remains along with human mandibles. Thi
includes; Fa Hien Lena (37,000 BP), Batadombalena
(31,000 BP, 28,500 BP, and 16,000 BP), Belilena g \
Kithulgala (12,000 BP & 2700 BC), Belilena-Athula " B
(27,000 BP-3,000 BP), Alu lena (10,500 BP), Bellan-band
Palassa (6,500 BP), Potana (5,500 BP) and Miniatheliy
(3,600 BP) (Kennedyt al, 1987; Deraniyagala, 1992; Mirnarg
Kulatilake, 2016). i

Kilinochchi! ®

Bellan-bandi Palassa reported as an open-ai L
prehistoric site is located in Rathnapura district,
Sabaragamuwa province in the wet climatic zone of Sr
Lanka, and 10 mandibular fragments have been found fro o -
the site (Kanthilathat al, 2012). Pallemalala reported as ' Sigiriya - Pothana (®)
shell midden prehistoric site is located in Hambantotg Baicaton
district, southern province in the dry climatic zone of the SHIALDE
country and 3 mandibular fragments have been found fro
the excavation (Ranaweera & Adikari, 2022). Belilena Kegalle Ampa
Kithulgala is reported as a prehistoric cave site, located i o

!

the Kegalle district, Sabaragamuwa province in the we Kitulgala- Beitena (§) Novar2Elye

zone of the country, and one mandibular fragment wa ® Bellan-bandi Palassa
found at this site (Kennedst al, 1987). Batadombalena BT L ® Snaods
Kuruwita reported as a prehistoric cave site is located i ‘

Rathnapura district, Sabaragamuwa province in the we Pallemalala -

zone of the country, and 2 mandibular fragments werg ”a"‘@"“"“
found from this site (Kennedt al, 1987) Potana, Sigiriya
reported as prehistoric cave site located in Matale distric
Central province in the intermediate zone of the countryrig 1. prenhistoric sites — Kuruwita Batadombalena, Kithulagala
and 3 mandibular fragments were found from this sitegelilena, Bellan-bandi Palassa, Pellamalala, and Sigiriya Potana
(Chandimalet al, 2019) (Fig. 1). in Sri Lanka.
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MATERIAL AND METHOD

A total of 59 dry modern mandibles including 34 male As the prehistoric mandibles were fragmented,
mandibles and 25 female mandibles from the Departmemnandibular measurements were limited to five
of Anatomy, Faculty of Medicine Wayamba University Srineasurements. The following five measurements in Figure
Lanka, and from the Department of Anatomy, Faculty & were taken from each prehistoric and modern mandible
Medicine, University of Peradeniya were used in this studysing the digital vernier calliper and the mandibular meter.
Mandibles with pathological abnormalities were excluded.

The sex of the modern mandibles was determined according A single observer performed all measurements, each
to standard guidelines in Bass (2005) and White & Folkemseasurement was taken three times, and the mean values were
(2005). Eleven dry adult prehistoric mandibles including ken for analysis. The measurements of the prehistoric
male mandibles and 6 female mandibles were taken in thigindibles were compared with the corresponding
study which dated back between 4500 and 10000 YBP. Twteasurements of the modern mandibles according to sex, by
mandibles discovered from the prehistoric sit&ising SPSS 23.0 version. Means were calculated and the
Batadombalena, one mandible discovered from Belilena, apemparisons were done using the independent samples t-test.
five mandibles discovered from Bellan-bandi Palassa

presently available at the National Museum were includdeRESULTS

in the study. One mandible discovered from Pallemalala and

two mandibles discovered from Potana, currently available Analyzed results showed that the most of the studied
at the Osteology gallery, Postgraduate Institute afieasurements of the modern mandibles including the
Archaeology, and National Museum Sigiriya respectivelgnandibular length of males and females, bicondylar breadth
were included in the study. The pre-determined sex of eaghmales and females, bigonial breadth of males and females,
prehistoric mandible was confirmed again by comparing thgeadth of the mandibular body of males and females,
morphological characteristics of the mandibles included minimum mandibular ramus breadth of males and females,
the study with published standard sex-determiningnd mean height of the mandibular body of females are lesser
morphological characteristics of male and female mandibl&san that of the ancient mandibles belonging to male and
including the shape of the chin, gonion morphology, arfémale respectively except the mean mandibular height of
mandibular angle as described in Bass (2005) and Whiter8odern male mandibles that was higher than that of the
Folkens (2005). ancient male mandibles (Figs. 3 and 4).
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Fig. 2. Mandibular measurements. 1. mandibular length - linear distance between the head of the condyle and the
mandibular symphysis 2. height of mandibular body - maximum height in the plane of first molar tooth perpendicular
to the longitudinal axis of the body. 3. minimum mandibular ramus breadth - minimum distance between the
anterior and posterior borders of the ascending ramus. 4. bicondylar breadth - the maximum distance between the
lateral surfaces of the condyles 5. breadth of mandibular body - maximum thickness in the plane of mental
foramen perpendicular to the longitudinal axis of the body. 6. bigonial breadth - the maximum distance between
the external surfaces of the gonial angles.
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m Ancient male  ® Modern male DISCUSSION

121.56 The study of the

— morphometry of the mandibles is
99.7 e s important  in identifying

86.85 evolutionary changes as well as
sexual dimorphisms (Humphret

al., 1999). According to the present

study, it is evident that most of the

ol 168 measurements of the modern

zu 25 96 : mandibles including the mandibular

13 26 m % length, bicondylar breadth, bigonial

breadth, breadth of the mandibular

Mean mandibular mean bicondylar Mean bigonial Mean breadth of Mean heightof Mean minimum bOdy' minimum mandlbU|ar ramus

length breadth breadth the mandibular  the mandibular mandibular ramus breadth of both males and females
body body (M1) Rieacth and height of the mandibular body
Fig. 3. Mean mandibular measurements of ancient and modern male mandibles of females, are lesser than that of the

ancient mandibles except the height
of the mandibular body which was

® Ancient female ™ Modern female

S11.33 80 higher in modern males than the
98.25 94,55 55 17 ancient males.

iz In comparison to prehistoric
males, modern males have

significantly reduced mean

mandibular length (p=0.016), mean

3288 5 o0 biconc_iylar breadth (p=0.037), mean

94 24 24 mandibular body breadth (p=0.041),
u i 11 ” and mean mandibular ramus breadth

(p=0.000). Table | shows that the

modern female mandibles are

Mean mandibular mean bicondylar Mean bigonial Mean breaf:lth of Mean hm‘ght of I\-"!lmmum significantly smaller than the ancient

length breadth breadth the mandibular  the mandibular mandibular ramus . .

body body (M1) breadth female mandibles in terms of mean

Fig. 4. Mean mandibular measurements of ancient and modern female mandibles. ~ Mandibular length (P=0.000), mean
minimum mandibular ramus breadth
The mean mandibular length (p=0.016), mean bicondylar breadth (p=0.08750.000), and mean height of the
mean breadth of the mandibular body (p=0.041), and the mean mandibular rdhafgibular body (P=0.006).
breadth (p=0.000) of modern males are significantly smaller than that of prehistoric
males. The mean mandibular length (P=0.000), mean minimum mandibular ramus The results of this study were
breadth (p=0.000), mean height of the mandibular body (P=0.006) of modern fefh@@pared with similar studies
are significantly smaller than that of ancient female mandibles (Table ). conducted around the world.

Table I. Mandibular measurements of ancient and modern male and female mandibles and their P values.

Measuement Ancientmale Modernmale P value Ancientfemale Mocrnfemale Palue

Mean mandibular length (mm) 99.70+ 6.45 86.85+8.54 P=0.016 98.2546.01 81.83+5.37 P=0.000
mean licondylar breadth (mm)  121.56+11.56 114.61+4.69 P=0.037 111.53 112.3446.75 P=0.907
Mean bigorel breadth(mm) 101.56+5.75 95.02+6.14 P=0.085 94.55+6.29 92.17+7.39 P=0.418
Mean breadth of the 13.26+0.80 10.86+£1.91 P=0.041 12.15+1.36 11.49+2.21 P=0.577
mandibular body(mm)

Mean height othe mandibular 24.40+4.24 26.961+4.94 P=0.330 29.42+2.32 24.24+3.26 P=0.006
body (M1)(mm)

Mean minimummandibular 42.18+5.08 31.68+2.32 P=0.000 33.88 £3.70 30.51+3.04 P=0.027

ramus breadth (mm)
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Humprey and his colleagues haxmmpared the mandibular findings agree with the present study, which also found
size of three great apes’ families and modern humans. Theyat the mandibles of males and females from the
showed that the morphometric dimensions of modeprehistoric era are larger than those of their respective sexes
mandibles were lesser in comparison to the great apes. Tdfismodern mandibles. They have also compared the
study further confirmed the fact that the human mandibfeandibular morphology and morphometry with the
has become smaller through evolution (Humpheegl, mastication performance of the pre-historic hunter-
1999). This study result findings also showed the sangatherers, ancient populations that started agriculture, and
reduction of size of the mandibles from prehistoric malasodern populations. They have concluded that due to the
and females to modern males and females. change in food texture and food preparation methods, the
force and effort required for mastication has been reduced
The study conducted on British mandibles belongingver time which is the main reason for changes in
to Neolithic, Bronze Age, Romano-British, Anglo-Saxonmandibular morphology and morphometry (Stansfetld
Mediaeval, 17th and 19th century periods reported that thke, 2018). As the Sri Lankan hunter gatherer consumed
dimensions of the mandible have reduced over time, whiatostly burnt partially processed meat and plant foods such
is compatible with the present study on Sri Lankapams and seeds the force and effort required for mastication
populations which showed the same reduction. It wdms been increased (Deraniyagala, 1992). As a result, their
suggested that these morphometric changes of Britislandibles grossly large, robust, strong and muscle
mandibles in different era occurred due to the physicattachments sites over the mandible are well developed.
consistency of the foods in different eras, for examplglodern Sri Lankans consume well processed soft diet and
modern populations started to use wheat in bread makitigg force and effort required for mastication has been
instead of rye flour (Mooret al., 1968). reduced. As a result, their mandibles become small and
muscle attachments sites over the mandible are less
The modern mandibles were found to berominent.
significantly smaller than the ancient mandibles in a study
comparing the cephalometric measurements of Anatolian Similarly in a study done to compare the mandibular
populations, and there was a significant difference betweweariation between ancient hunter gatherer populations from
the measurements of mandibular length (p<0.001) a@teenland, Alaska, Australia, San, Biaka and ancient
mandibular body length (p<0.001) (12). These results apepulations involved in agriculture from Italy, Japan, China,
consistent with those of the present study, which showsongolia, Ibo and Hawikuh, it was concluded that in
that mandibular body length (p<0.001) and mandibulamomparison to the other parts of cranium where
length (p<0.001) measurements are also significanthgorphological and morphometric changes were mainly
greater than those of prehistoric mandibles. determined by genetics through evolution, the mandibular
morphology and morphometry was mainly determined by
Another study comparing Neolithic Chinesethe subsistence economy and the food patterns(von
mandibles with modern populations using CT scan da@amon-Taubadel, 2011).
revealed that Neolithic mandibles without considering the
sex were significantly larger compared to modern Hila et al, have compared the morphometry of
populations (Xuet al, 2022). Their findings agree with mandibles belonging to three ancient populations of Israel
the present study, which also found that the mandibleswith modern mandibles. According to the study, it was
males and females from the prehistoric era are larger thavealed that some of the mandibular measurements have
those of their respective sexes of modern mandibles. increased, some have reduced, and some have remained
static through evolution. The morphometric parameter that
Luther (1993) has compared the medieval skullsave increased include the height of the mandibular body
with the modern population. According to the study, it waat the molar region, parameters that have reduced include
found that all the mandibular indices were higher in th@andibular angle width, ramus width, body length, and chin
medieval population in comparison to the moderheight, and the measurement that remained static included
population. These findings are compatible with the presethte body heights at premolar regions (Ma&wl, 2018). In
study. Stansfielet al. (2018) compared the morphologyour study the height of the mandibular body at molar region
and morphometry of modern mandibles with Palaeolithiwas higher in modern male mandibles than the ancient
and Mesolithic mandibles from Ukraine, Russia andthandibles. This finding is compatible with this study. This
Romania using CT scans. It was revealed that the modstndy has challenged most of the other studies and signifies
mandibles are much smaller than the ancient mandibli® need to conduct further studies on the evolutionary
and specifically mandibular body has become shorter. Th&iends of the mandibular body.
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