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ABSTRACT 
The  mandible  undergoes  remodelling  and  morphological 
alterations  throughout  the  life  of  an  individual,  and  it  is 
subjected to sex-  and age-related structural changes. Personal 
identification from skeletal remains represents one of the most 
difficult challenges for a forensic anthropologist. The study of 
mandibular morphology is an important aid in determining the 
sex and age of skeletal remains. The objective of this study was 
to  evaluate  the  age-related  changes  of  three  mandibular 
dimensions through dry bone measurements:  bigonial  width, 
ramus height and gonial angle. A total of 93 skeletal remains 
were included in this study, from a group of soldiers of Yugoslav 
origin who lived in two concentration camps in Bari (southern 
Italy)  during  World  War  II.  These  are  included  in  the 
collection  of  the  Forensic  Anthropology  Laboratory  of  the 
Institute of Forensic Medicine of Bari. The measurements were 
recorded  after  comprehensive  examination  by  a  forensic 
anthropologist and a forensic odonto-stomatologist. The data 
obtained were analysed statistically using a bivariate test and a 
multivariate  linear  regression  model,  using  the  Statal  13MP 
software.  The  results  indicate  that  the  bigonial  width  and 
gonial angle vary significantly according to age. In conclusion, 
this  study  confirms  that  the  mandible  is  useful  for  age 
estimation in the identification of skeletal remains using these 
specific  mandibular  measurements  when  performed  on  dry 
bone without radiological distortion.

INTRODUCTION 
A key objective of the practice of forensic anthropology is to 
ensure identification of recovered human remains in a medico-
legal  context.  To  determine  the  species,  sex,  age  at  death, 
stature, time since death, and estimate specific morphometric 
characteristics  provide  opportunities  to  identify  missing 
people.1 The identification of human remains may be necessary 
as a result of accidents and in criminal investigations or ethnic 
studies. In such cases, the estimation of age and sex is one of 
the first objectives sought by the medical examiner. The study 
of age and sex based on the analysis of skeletal remains can be 
of particular difficulty for anthropologists, especially when such 
studies need to be carried out on small skeletal fragments.
Evaluation of the morphological characteristics of the skull and 
mandible  constitutes  a  commonly  used  sex-estimation 
approach for forensic anthropologists. In particular, analysis of 
the mandible can be used for sex estimation when it  is  not 
possible to assess the skull or the pelvis. The bone and tooth  
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tissues that can be extracted from human remains 
can thus be used in the age-estimation process. 
The  mutual  dependence  that  is  recognized 
between  the  pa s s ing  o f  t ime  and  the 
morphological  changes of the human body may 
be useful in the estimation of age at death. Such 
ageing  patterns  can  be  detected  by  both 
microscopic  examination  and  macroscopic 
observation.  Furthermore,  several  studies  have 
shown  that  measurements  made  directly  on 
bones  a re  more  l ike l y  to  pro v ide  t r ue 
information, which is why the methods using this 
technique  are  the  most  reliable  in  determining 
sex and age.2
Recently,  studies  have  highlighted  that  the 
anatomy  and  shape  of  the  mandible  undergo 
changes  according  to  both  age  and  sex.3-9  The 
morphology of the mandibular base depends on 
the occlusal state and the contractile strength of 
the  masticatory  muscles;  i .e. ,  the  medial 
pterygoid  and  masseter  muscles.10  With  age, 
there  are  modifications  to  the  structure  of  the 
masticatory  muscles  that  are  demonstrated  in 
reduced  contracti le  strength.  Indeed,  in 
edentulous  subjects,  there  is  frequently  a 
variation in mandibular shape, with reduction in 
the  contractile  strength  of  the  masticatory 
muscles secondary to the loss of the teeth.11

Sex  differences  in  the  morphology  of  the 
mandible are a consequence of different genetic 
patterns, whereby in male subjects the mandible 
grows  exponentially  during  puberty,  unlike  for 
females.  Furthermore,  the  masticatory  muscles 
are  less  voluminous  in  females  than males,  and 
this  results  in  differences  between the  sexes  in 
the  shape  o f  the  mandib le . 12  Se vera l 
anthropological analyses have been carried out on 
these  dimorphic  characteristics.  Different 
mandibular dimensions have been studied,  such 
as  the  gonial  angle,  ramus  length,  bicondylar 
breadth,  bigonial  breadth  and  mandibular  base 
length.8
The  present  study  focuses  on  three  of  these 
mandibular  dimensions  as  determinants  of  age: 
gonial  angle,  bigonial  width  and  ramus  height. 
Although  there  is  some  information  in  the 
literature about age-  and sex-related changes of 
these  measurements,  the  findings  of  various 
studies  have  not  been consistent.  Some studies 
have shown variations in the bigonial width and 
ramus  height  with  age  and  sex,9,10  while  other 
studies have not confirmed these.3,13 In the same 
way, age- and sex-related alterations in the gonial 

ang le  ha ve  been  demonstrated  in  some 
studies,14,15 while other studies highlight different 
results.7,9,12

The literature shows how these correlations have 
been studied through radiological investigations, 
such  as  with  panoramic  radiographs,  computed 
tomography  and  cephalograms.  To  further 
examine skull age-related dimensional variations, 
the  present  study  instead  recorded  the  three 
mandibular  measurements  of  gonial  angle, 
bigonial  width  and  ramus  height  directly  from 
the skulls of a skeletal collection.

MATERIAL  AND METHODS 
To  demonstrate  these  var iat ions  in  the 
mandibular  morphology,  the  sample  group 
consisted of the skeletons of 93 soldiers from the 
Royal  Yugoslavian  Chetnik  Army  who  were  in 
exile in Bari in 1941 (89 men, 4 women),  which 
form  part  of  the  skeletal  collection  of  the 
Institute of Legal Medicine at the University of 
Bari  (southern  Italy).  The  samples  were  from 
Caucasian Mediterranean subjects who had lived 
in  two  concentration  camps  in  the  Bari  area 
during the Second World War, and who were aged 
from 1 year to 75 years. All of the mandibles used 
were intact or not excessively fragmented, with 
no  proportional  discrepancies  and  no  bone 
disease, and with clear and accessible surfaces for 
the measurements that were deemed suitable for 
this study. All distorted, incomplete, or fractured 
mandibles  were excluded from this  study.  From 
an original population of 93 individuals (100%), 37 
(39.8%)  were  removed  from  this  study  after 
application  of  these  exclusion  criteria.  The 
remaining 56 (54 men, 2 women) were included in 
this analysis, and were aged between 18 years and 
62 years (mean ±SD, 33.08 ±11.54 years).
A single  forensic  anthropologist  recorded  the 
three  mandibular  measurements.  To  ensure 
greater  reliability  and  reproducibility,  the 
measurements obtained were also reassessed by a 
forensic odonto-stomatologist at a later date. The 
mandibles  underwent  measurements  of  the 
bigonial width, the mandibular ramus height and 
the  gonial  angles  using  a  goniometer  and 
callipers. The angle formed by the intersection of 
the lower margin of the body of the mandible and 
the rear margin of the ramus was measured as the 
gonial angle. The bigonial width was measured as 
the  distance  between  the  two  opposite  gonial 
angles.  The  ramus  height  was  measured  as  the 
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distance from the gonion to the upper margin of 
the mandibular condyle.
The  descriptive  statistics  for  each  set  of 
mandibular  measurements  were  recorded, 
including  the  means  ±standard  deviation  and 
ranges (minimum to maximum) in the males and 
females.  The  initial  analyses  were  performed 
using  an  Excel  database,  and  the  statistical 
analysis  was  performed  using  the  Statal  13MP 
software  (StataCorp  LLC,  College  Station, 
Texas). 
Bivariate analysis was used to compare the study 
parameters with age. Then all of the independent 
variables  with  a  p-value  ≤0.25  were  considered 
suitable  for  the  multivariate  analysis.  Thus,  a 

multivariate linear regression model was used to 
correlate the independent variables with age. The 
results of the multivariate analysis are expressed 
with  95%  confidence  intervals  (CIs),  with 
statistically significant taken as a p-value <0.05.

RESULTS 
The  descriptive  statistics  reported  in  Table  1 
show the sex differences for the bigonial width, 
ramus height and gonial angle. Males have higher 
values  for  the  bigonial  width  compared  to  the 
females. The mean ramus height and gonial angle 
of the male population were slightly lower than 
those of the female population.  

Table 1. Mandibular values obtained for the whole sample analysed

Bivariate  analysis  provided  an  estimate  of  the 
existing  associations  between  each  single 
independent variable (i.e., bigonial width, ramus 
height, gonial angle) and the outcome of interest, 
as  age.  As  shown in  Table  2,  all  three  of  these 
parameters  were  considered  suitable  for  the 
subsequent multivariate analysis (p-value ≤0.25). 

Table 2. Summary of the significance from the 
bivariate analysis for the comparison of the study 

parameters with age

Finally, each of these variables was inserted into 
the multivariate linear regression model that was 
developed to assess the association between the 
variables and the dependent variable, as age. The 
results  from  the  multivariate  analysis  are 
summarised in  Table  3,  which shows significant 
association between age and bigonial width and 
gonial angle (p-value <0.05).

Table 3. Summary of the significance from the 
multivariate linear regression analysis for the 
comparison of the study parameters with age

DISCUSSION AND CONCLUSIONS 
The  published  literature  indicates  that  the 
mandibular dimensions have been considered as 
one of the most useful parameters to determine 
sex  and age  in  human remains  as  accurately  as 
possible.  From  a  medico-legal  point  of  view, 
odontology is commonly used to identify human 
remains,  as  skulls  and  teeth  can  give  accurate 
information about the age of an individual. This 
is  why  there  are  many  age  assessment  criteria 
based on dental methods.16

Forensic  odontology  can  have  a  useful  role  in 
determining  the  age  and  sex  of  subjects  with 
unrecognizable  body  structures.  There  are 
differences in dental characteristics between the 

Mandibular  
measure

Males Females

Mean SD Min Max Mean SD Min Max

Bigonial width (cm) 10.13 0.72 8.9 11.9 9.7 0.2 9.5 9.9

Ramus height (cm) 6.48 0.71 4.0 8.1 6.5 0.2 6.3 6.7

Gonial angle (°) 118.72 5.76 106 132 122 6 116 128

Mandibular measure p

Bigonial width 0.007

Ramus height 0.19

Gonial angle 0.005

Mandibular 
measure

p 95% Confidence 
interval

Bigonial 
width

0.025 0.666 9.538

Ramus height >0.05 / /

Gonial angle 0.016 -0.423 -0.045
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two sexes,  such as morphology,  crown size,  and 
root lengths.17 There are also other characteristics 
of the teeth that are linked to changes that occur 
over time, and are thus also useful in determining 
age.
Previous morphometric analyses using panoramic 
radiographs have demonstrated significant results 
for age- and sex-related alterations to the jaw.5 In 
this way, radiography has become a useful tool in 
studies that are designed for forensic age and sex 
estimation.  In  contrast,  the  present  study  was 
designed to determine age-related changes in the 
mandible through direct measurements from the 
bone,  without  the  aid  of  radiographs  or  other 
imaging modalities.
The  parameters  assessed  here  were  bigonial 
width,  ramus  height  and  gonial  angle.  Bigonial 
width and ramus height represent the horizontal 
and  the  vertical  dimensions  of  the  mandible, 
respectively.  Furthermore,  the  gonial  angle  is 
formed by the intersection of an anteroposterior 
tangent with a  vertical  line.  The implication of 
these three parameters is that they represent the 
mandible  across  all  of  the  planes,  which  is 
important  to  assess  mandibular  shape  and  to 
demonstrate the effects of ageing in the process 
of  modif icat ion  of  the  mandib le .  Many 
invest igat ions  have  studied  a ge  and  sex 
alterations  according  to  other  parameters,6  but 
the relation between these three parameters has 
been studied by very few.3,10

This  study  investigated  these  changes  in  the 
mandibular  dimensions  in  adult  soldiers  who 
lived in exile in two concentration camps in Bari 
dur ing  Wor ld  War  II ,  w i th  dr y  bone 
measurements  included for  56  male  and female 
individuals. The mean age of all of these subjects 
was 33.08 years.
In  the  present  study,  the  bigonial  width 
dimension  was  greater  in  the  males,  while  the 
ramus height and gonial angle were higher in the 
females  compared  to  the  males.  These  findings 
are  similar  to  those  of  other  studies,3,5,9,11,14 
although  they  are  also  partly  contrary  to 
others.10,18 This difference is related to the greater 
contractile  force  of  the  masticatory  muscles  of 
the male subjects compared to the muscles of the 
females.
Statistically significant differences in the bigonial 
width and gonial angle were noted in the present 
study in terms of the age of the individuals. These 
findings  are  similar  to  some  previous  studies 
wh e r e  s i g n i f i c a n t  d i f f e r e n ce s  i n  t h e s e 

dimensions have been noted.3,4,10  Our findings 
are,  however,  also  in  contrast  to  some  other 
studies that found that the differences in these 
parameters were not statistically significant.6,9

The  ramus  he ight  wa s  not  s ta t i s t ica l l y 
meaningful in terms of the age variation. This 
finding is similar to some studies,4 although in 
o ther  s tud ie s  th i s  d i f f e rence  ha s  been 
statistical ly  significant.10  These  data  are 
probab l y  the  resu l t  o f  a  change  in  the 
mandibular shape that would have resulted in a 
reduction  in  the  contractile  strength  with 
ageing.
A limit  of  this  study  is  represented  by  the 
sample,  because  it  was  composed  of  a  small 
number  of  Caucasian  Mediterranean  subjects 
with a limited age range and, in particular, few 
females. Future studies should include a larger 
study  population  with  a  wider  age  range,  and 
should  evaluate  another  population,  because 
mandibu lar  parameters  can  var y  across 
different  human  populations.  The  greatest 
strength of this study, however, is the absence 
of  geometric  distortion  as  a  result  of  the 
radiography  that  has  been  used  in  other 
studies,  due  to  the  direct  measurements 
recorded here on the dry skull.
In  conclusion,  this  study  confirms  that  the 
mandible is important for age estimation, and 
our  findings  show  significant  differences  in 
bigonial  width and gonial  angle measurements 
according to the age of these individuals from 
samples  of  Caucasian  Mediterranean  skeletal 
remains.  However,  the  changes  in  the  ramus 
height  were  not  stat ist ical l y  s ignif icant 
according  to  the  age  variation.  As  indicated, 
the greatest strength of this study is due to the 
absence  of  geometr ic  d istor t ion  dur ing 
radiography, as has been seen in other studies. 
Thus,  knowledge  of  these  different  patterns 
provides  further  essential  information  in  the 
determination  of  the  sex  and  age  of  human 
skeletal  remains,  whereby  the  morphometric 
analysis  of  these  mandibular  dimensions 
represents a helpful tool for forensic science.

ACKNOWLEDGEMENTS 
This  study  did  not  receive  any  specific  grant 
f r o m  f u n d i n g  a g e n c i e s  i n  t h e  p u b l i c , 
commercial,  or  not-for-profit  sectors.  The 
authors  thank  Dr.  Chris  Berrie  for  editing  of 
the  manuscript  for  correct  use  of  scientific 
English. 

28



JFOS - Journal of Forensic Odonto-Stomatology  Vol 39 n. 3 - Dec - 2021

REFERENCES 
1. Ubelaker  DH,  Shamlou  A,  Kunkle  A.  Contributions  of 

forensic  anthropology  to  positive  scientific  identification:  a 
critical review. Forensic Sci Res 2018;4(1): 45-50.

2. Krishan K, Chatterjee P, Kanchan T, Kaur S, Baryah N, 
Singh  RK.  A review  of  sex  estimation  techniques  during 
examination  of  skeletal  remains  in  forensic  anthropology 
casework. Forensic Sci Int 2016;261:165.e1-8.

3. Shah P, Venkatesh R, More C, Vaishnavee V. Age- and sex-
related mandibular dimensional changes: a radiomorphometric 
analysis  on  panoramic  radiographs.  Indian  J  Dent  Res 
2020;31(1):113-7. 

4. Rajkumari  S,  Nikitha  K,  Monisha  S,  Nishagrade  S, 
Thayumanavan B, Murali B. Role of orthopantamograph in 
forensic  identification:  a  retrospective  study  among  Chennai 
population. J Pharm Bioallied Sci 2019;11:393-6.

5. Al-Shamout R, Ammoush M, Alrbata R, Al-Habahbah A. 
Age and gender  differences  in  gonial  angle,  ramus height  and 
bigonial  width  in  dentate  subjects.  Pak  Oral  Dent  J 
2012;32(1):81-7.

6. Huumonen S, Sipilä K, Haikola B, Tapio M, Söderholm 
AL, Remes-Lyly T, Oikarinen K, Raustia AM. Influence of 
edentulousness  on  gonial  angle,  ramus  and  condylar  height.  J 
Oral Rehabil 2010;37(1):34-8. 

7. Pillay  S,  Ishwarkumar  S,  De  Gama  BZ,  Pillay  P.  The 
morphometry of the angle of mandible and its correlation with 
age and sex in the eThekwini metropolitan region: a panoramic 
study. Int J Morphol 2017;35(2):661-6. 

8. Ilgüy D, Ilgüy M, Ersan N, Dölekoǧlu S, Fişekçioǧlu E. 
Measurements of the foramen magnum and mandible in relation 
to sex using CBCT. J Forensic Sci 2014;59(3):601-5.

9. Bhuyan R, Mohanty S, Bhuyan SK, Pati A, Priyadarshini 
S, Das P. Panoramic radiograph as a forensic aid in age and 
gender  estimation:  preliminary  retrospective  study.  J  Oral 

Maxillofac Pathol 2018;22(2):266-70.
10. Rai B, Krishan K, Kaur J, Anand SC. Age estimation from 

mandible  by  lateral  cephalogram:  a  preliminary  study.  J 
Forensic Odontostomatol 2008;27(1):24-8.

11. Ghaffari  R,  Hosseinzade  A,  Zarabi  H,  Kazemi  M. 
Mandibular  dimensional  changes  with  aging  in  three-
dimensional computed tomographic study in 21-  to 50-year-old 
men and women. J Dentomaxillofacial Radiol Pathol Surgery 
2013;2(1):7-12.

12. Shaw RB, Katzel EB, Koltz PF, Kahn DM, Girotto JA, 
Langstein  HN.  Aging  of  the  mandible  and  its  aesthetic 
implications. Plast Reconstr Surg 2010;125(1):332-42.

13. Parr  NM, Passalacqua NV, Skorpinski  K.  Investigations 
into age-related changes in the human mandible. J Forensic Sci 
2017;62(6):1586-91.

14. Santoro  V,  Mele  F,  Introna  F,  De  Donno  A.  Personal 
identification  through digital  photo  superimposition  of  dental 
p r o f i l e :  a  p i l o t  s t u d y.  J  Fo r e n s i c  Od o n t o s t o m a t o l 
2019;37(3):21-6.

15. Sagar P, Rohan S, Rajendra S, Pratik C. Sex determination 
in  forensic  identification;  a  review.  J  Forensic  Dent  Sci 
2018;10(2):61-6.

16. Bathla S, Srivastava SK, Sharma RK, Chhabra S. Influence 
of age on the radiomorphometric indices of the gonial region of 
mandible  in  North-Indian  population.  Int  J  Med  Dent  Sci 
2014;3(2):411-20.

17. Larrazabal-Moron  C,  Sanchis-Gimeno  JA.  Gonial  angle 
growth  patterns  according  to  age  and  gender.  Ann  Anat 
2018;215:93-6.

18. Pecora  NG,  Baccetti  T,  McNamara  JA.  The  aging 
craniofacial complex: a longitudinal cephalometric study 
from late  adolescence  to  late  adulthood.  Am  J  Orthod 
Dentofacial Orthop 2008;134(4):496-505. 

29


