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ABSTRACT 
The  human  mandible  is  routinely  utilised  as  part  of  the 
assessment  of  biological  identity  in  forensic  anthropological 
and  odontological  practice.  The  research  introduces  a  novel 
geometric morphometric technique to investigate and quantify 
shape variation in the morphology of the mandibular corpus 
and ascending ramus and consequently highlights the potential 
for forensic purposes. Human mandibles from digital clinical 
orthopantomogram X-ray images, based on a sample of 50 male 
and 50 female adults from a modern Italian population, were 
examined.  Three  fixed  landmarks  were  applied  to  the 
symphysis  and  condyle  and  50  semi-landmarks  re-sampled 
along the inferior corpus and the posterior ramus. Symmetrical 
reflection  was  applied  yielding  200  configurations  of  53 
landmarks.  Shape  analyses  were  undertaken  via:  Procrustes 
superimposition; principal components analysis to investigate 
patterns  of  variation;  classification  using  linear  discriminant 
analysis  with  leave-one-out  cross-validation;  partial  least 
squares  (PLS)  to  test  for  structural  modularity;  and  finally, 
retitle page sampling and re-analysis following PLS to optimize 
shape classification criteria. Stepwise re-sampling of landmarks 
reached  an  optimum cross-validated  classification  of  94.0% 
based on 25 landmarks; the results are strongly significant and 
suggest  that  the  shape  relationship  between  the  mandibular 
corpus  and  ramus  offers  significant  potential  for  forensic 
identification purposes using this method.

INTRODUCTION  
The  human  mandible  is  routinely  utilised  as  part  of  the 
assessment  of  biological  identity  in  forensic  anthropological 
and odontological  practice.1  Various  authors  have pointed to 
the  utility  of  odontological  methods  in  morphological  and 
metric  features  of  teeth,2  but  also  traditionally  recovered 
morphological, metric, and non-metric traits in the mandible, 
including discrete  areas  such as  symphyseal  morphology  and 
shape,3-6 gonial angle, gonial inversion and eversion,7-10 ramus 
flexure,11,12  overall  shape from elliptical Fourier transforms13-15 
and  discriminant  functions  based  on  linear  dimensions16,17 
amongst  others  in  the  assessment  of  biological  sex  and 
ancestry. 
More  recently,  a  number  of  studies  have  utilised  geometric 
morphometric (GM) approaches to address issues of biological 
identity in this anatomical region.18-23  Defined simply,  GM is 
the  statistical  analysis  of  form  based  on Cartesian landmark  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coordinates.24  GM techniques  generally  involve 
the capture of homologous landmarks which can 
be  defined  as  precise  locations  on  biological 
specimens that hold some functional, structural, 
developmental  or  evolutionary  significance  and 
are  directly  comparable  between  specimens. 
Landmarks  can  be  recorded  as  two  or  three-
dimensional co-ordinates which result in a spatial 
framework of the relative positions of the chosen 
points  in  two or  three-dimensional  space.  Such 
data  allows  for  the  statistical  analysis  of  the 
embedded shape geometry  of  a  biological  form 
through  a  va r ie ty  o f  t rans format ive  or 
computational  methods.25-29  The  research 
presented here utilises geometric morphometric 
techniques  to  investigate  and  quantify  shape 
variation  in  the  morphology  of  the  mandibular 
corpus  and  ascending  ramus  and  consequently 
highlights  the  potential  for  forensic  human 
identification. We present the results of a novel 
morphometric  study  using  clinical  panoramic 
scanning x-radiography, the aim of which was to 
develop  a  methodologically  and  statistically 
robust means of investigating biological variation 
in  lower  jaw  morphology  from  a  commonly 
acquired clinical data source which may be of use 
in the human identification process.

MATERIAL AND METHODS: 
Digital orthopantomogram images (OPG) in TIFF 
format  were  acquired  of  the  upper  and  lower 

dentulous jaws of 50 Italian male and 50 female 
participants, derived from a larger clinical image 
database .  The  ima ges  were  captured  by 
odontologists  using  a  panoramic  digital  device 
(Planmeca Proline xc)  as part of private clinical 
dental practice, with permission obtained for the 
anonymised  use  of  resulting  OPG for  research 
studies. The specimens utilised were drawn from 
a larger sample pool, with the age distribution of 
both  sex  cohor t s  matched  us ing  exact 
randomisation (male profile matched to female), 
resulting  in  a  common demographic  profile  for 
both sexes (Fig. 1); this yielded a mean age of 38 
years for males (minimum age 20 years, maximum 
age 68 years) and 37 years for females (minimum 
age 21 years, maximum age 62 years).  The OPG 
ima ges  were  s t r ipped  o f  b iographica l 
information,  and  re-labelled  with  a  sequential 
numerical  code  which  referenced  sex  and  age 
only.  Three  type  I  and  type  III  2D landmarks 
were  applied  to  the  symphysis  and  condylar 
process  using  TPS  Digit  software  and  50  re-
sampled  equidistant  semi-landmarks  were 
established  along  the  inferior  border  of  the 
corpus and the posterior border of the ascending 
ramus; semi-landmarks were anchored anteriorly 
and posteriorly to fixed homologous points (Table 
1). Landmarks were reflected to the opposite side, 
providing n 200 configurations of k 53 landmarks 
(resulting in n 100 left and n 100 right side, k 53 
each). 

Fig. 1 Age profile of male and female cohorts used in this study. Mean ages: male 38 years, female 37 
years. Range: male 20 to 68 years, female 21 to 62 years.
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Table 1. Landmark definitions.

The  statistical  shape  analyses  of  the  2D 
coordinate configurations involved the following 
stages:  (1)  partial  Procrustes  superimposition 
(GPA)  with  full  tangent  space  projection;  (2) 
regression  of  tangent  space  distance  onto 
Procrustes  distance  to  test  for  tangent  space 
approximation; (3) assessment of inter and intra-
observer measurement error using a 5x5x5 repeat 
procedure,  with Procrustes  ANOVA to test  for 
differences  in  group  means;  (4)  principal 
components  ana l y s i s  (PCA )  to  reduce 
dimensionality  and  investigate  patterns  of 
population variation, with test for significance of 
shape  dif ferences  between  groups  us ing 
Procrustes  ANOVA;  (5)  classification  using 
Fisher’s  linear  discriminant  analysis  (LDA)  with 
leave -one -out  cross -va l idat ion  to  assess 
performance of the classification; (6) partial least 
squares  (PLS )  ana l y s i s  w i th in  a  s ing le 
configuration  to  test  for  structural  modularity; 
and  (7)  stepwise  re-sampling  and  re-analysis  of 
dataset  fol lowing  PLS  to  optimise  shape 
classification  criteria.  Shape  analyses  were 
undertaken  using  the  shapes  l ibrary30  and 
complementary  R  statistical  routines,31  partial 
least squares analysis in MorphoJ32 and additional 
statistical analyses in SPSS 20.0.33

RESULTS 
The  resulting  two-dimensional  coordinate 
configurations  (n  200)  were  subjected  to  a 
generalised Procrustes  analysis  (GPA)  with full-
tangent  space  projection  and  scaling  invariance 
which effectively removes size from the analysis 
by scaling all configurations against unit centroid 
size34  leaving  only  shape  differences  between 
configurations.  Potential  measurement  error  of 

both  intra  and  inter-obser ver  landmark 
acquisition was assessed by two of the authors 
(PRQ  and  JRQ)  digitising  five  individual 
configurations  five  times  on  five  separate 
occasions  and  then  subjecting  the  resulting 
configurations to GPA. 
Procrustes  ANOVA  based  on  Procrustes 
distance35  was  used  to  assess  the  relative 
m a g n i t u d e  o f  e r r o r  f r o m  r e p e a t 
measurements; no significant differences were 
noted  between  test  runs  within  and  between 
each  observer  confirming  that  measurement 
error was low.
Further  statistical  analysis  of  shape  requires 
that the Procrustes coordinate configurations 
are  projected  back  into  Euclidean  tangent 
space,34  with  statistical  analyses  carried  out 
within that space using standard multi-variate 
methods.  The  appropriateness  of  tangent 
space projection was tested by regressing the 
distance  in  tangent  space  onto  Procrustes 
d i s t a n c e ;  t h i s  p r o d u c e d  a  c o r r e l a t i o n 
coefficient  of  0.99  indicating  that  tangent 
projection and Procrustes approximation were 
successful.  When  dealing  with  such  high 
dimensional  data  it  is  natural  to  reduce  the 
dimension  and  a  commonly  used  technique 
is  principal  components  analysis  (PCA ) , 
car r ied  out  by  forming  the  sample  co -
v a r i a n c e  m a t r i x  o f  t h e  r e s i d u a l s  a n d 
computing  the  eigenvalues  and eigenvectors 
accordingly.  Following GPA, the mandibular 
configurations  were  subjected  to  PCA  to 
explore  the  relationships  within  the  global 
sample  and  specif ica l l y  the  patterns  of 
sexual dimorphism between male and female 
fo rms .  102  pr inc ipa l  components  were 
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Landmark Description

1 Infradentale

2 Most superior point on mandibular condyle

3 Most anterior point on mandibular condyle

4-33 Equidistant semi-landmark series captured along inferior border of 
mandibular corpus from gnathion to gonion

34-53 Equidistant semi-landmark series captured along posterior border of 
ascending ramus from gonion to the most postero-superior point on the 
mandibular condyle
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produced  (2k  –  4  =  102  shape  variables) , 
allowing for an investigation of overall shape 
variation in corpus and ramus morphology. 
The  first  10  principal  components  account 
for  over  95%  of  shape  var iat ion  in  the 
sample  (Table  2).  Global  shape  variation  is 
expressed  in  Fig.  2  by  the  plot  of  principal 
components  1  and  2  and  shape  variance  by 
vector  plots  of  the  first  three  principal 
components in Fig. 3. As can be clearly seen, 
g lobal  variation  is  primari ly  manifested 
through  the  relative  size  differences  in  the 
h e i g h t  o f  t h e  a s c e n d i n g  r a m u s  a n d 
placement  of  the  inferior  border  of  the 
symphysis  (PC1 ) ,  with  higher  order  PCs 
displaying differential  shape patterns  in  the 
orientation of  the gonial  angle  compared to 
the  symphysis  and  ascending  ramus  (PC2) 
and  f lexure  of  the  infer ior  corpus  and 
projection of the symphysis (PC3).

Table 2. Total population variance explained by 
principal components analysis (first 10 PC’s only).

Fig. 2 Visualization of global population shape variation showing results of principal components 
analysis based on covariance matrix of k 53 landmarks. Graph highlights first two principal axes of 

variation with markers indicating sex.

Eigenvalue % var Cum %

PC 1 0.00099494 36.108 36.108

PC 2 0.00085379 30.985 67.093

PC 3 0.00030537 11.082 78.176

PC 4 0.00017213 6.247 84.423

PC 5 0.00011095 4.027 88.449

PC 6 0.00006511 2.363 90.812

PC 7 0.00006037 2.191 93.003

PC 8 0.00003876 1.407 94.410

PC 9 0.00002743 0.996 95.405

PC 10 0.00002138 0.776 96.181
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Fig. 3a to 3c Visualization of shape variation along the first, second and third principal component axes 
showing the extremes of shape variation as vectors compared to the consensus (mean) shape represented 

by solid circles, with deformation grid applied to assist visualization. Variation represented is PC1 
36.11%, PC2 30.99% and PC3 11.10% respectively. Figures generated using MophoJ. 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The utility of the resulting shape variables as an 
aid  in  the  assessment  of  biological  sex  was 
undertaken  using  Fisher’s  linear  discriminant 
analysis  based  on  the  residual  shape  variables. 
Classification of specimens based on outlines or 
semi-landmarks  often  poses  a  challenge  in 
GMM analyses  in that  accurate representation 
o f  a  c u r v e  o r  s u r f a ce  r e q u i r e s  m a n y 
measurements, but this increase in the number 
of  resulting  shape  variables  dramatical ly 
increases the sample sizes necessary to carry out 
discrimination,36  otherwise known as the curse 
of dimensionality. 
One way  to  circumvent  this  is  to  convert  the 
shape variables into principal component scores 
and  reduce  the  dimensionality  of  the  data  by 
analysing a  limited number  of  PC scores  from 
the cases instead of the original data,37 thus only 
relatively  large  group  mean  differences  will  be 
represented  by  the  retained  lower  order  PCs, 
l e a v i n g  a  p r o p o r t i o n  o f  t h e  v a r i a n ce 
unaccounted  for.  As  a  rule  of  thumb,  it  is 
generally  valid  to  have  twice  the  number  of 
specimens in each classification group as there 
are  shape  variables  and  computationally  stable 
results  will  require  many  more  cases  than 
variables.36 
In this study we have used PCA to reduce the 
dimensionality  of  the  shape  data  and  then 
applied  a  tuning  parameter  (p)  to  limit  the 
number of principal components used in order 
to  optimise  the  classification,  whilst  still 
retaining as large a number of shape variables as 
possible.
The  analysis  was  undertaken  using  the  shapes 
library30 on the first  p PC scores derived from 
Procr us te s  ana l y s i s ,  w i th  re l i ab i l i t y  o f 
classification  based  on  leave-one-out  cross-
v a l i d a t i o n  w i t h  p e r m u t a t i o n  te s t  f o r 
significance.  The  use  of  a  tuning  parameter 
(rather than the commonly used stepwise entry 
of independent variables) is to limit the effects 
of  over-fitting  of  data  to  the  discriminant 
function which can lead to poor out of sample 
predictive performance. With high dimensional 
d a t a  i t  i s  e a s i l y  p o s s i b l e  to  g e t  1 0 0% 
classification within the training sample on the 
basis  of  high-order  ‘noisy’  PCs alone,  but  very 
poor  out  of  sample  classification;  lower  order 
PCs are therefore used as these will  not be so 
affected  by  the  specific  noise  in  the  sample. 
Classification  by  sex  was  obtained  from  the 
discriminant analysis with p= 10 (thus using PC1 

to  PC10)  with  lower  classification  rates  for 
higher order PCs which were therefore rejected 
from the analysis. 
Using  k  53  landmarks  (of  which  p  10  PCs  are 
retained in the classification) the resulting shape 
variables  successful ly  classified  85.0%  of 
individuals by biological sex (Table 3). Procrustes 
ANOVA  of  shape  res idua l s  ind icates  a 
statistically significant shape difference between 
the  male  and  female  mean  shapes  (F 24.33,  p< 
0.0001).

Table 3. Cross-classification results of sex 
assessment based on k 53 landmarks and p = 9 

PC’s (overall cross-validated success rate 85.0%).

For the final part of the analysis we investigated 
the impact of landmark number and location on 
classification  accuracy.  The  first  classification 
utilised k 53 landmarks from which p = 10 shape 
variables  are  retained  in  the  classification.  We 
used  a  two-block  partial  least  squares  analysis 
(PLS )  in  order  to  inves t iga te  whether 
classification  accuracy  can  be  improved  by 
utilising  either  a  smaller  more  constrained 
anatomical  region  from  the  OPG  or  fewer 
landmarks  overall.  PLS  examines  co-variation 
between  two  or  more  sets  of  variables  and 
identifies features of shape that most strongly co-
var y  between  b locks ;  th i s  technique  i s 
increasingly being used for studying patterns of 
integration of parts within single configurations 
of landmarks thus allowing for an assessment of 
anatomical  or  structural  modularity.36-42  In  the 
present study we use an assessment of modularity 
to  investigate  whether  anatomical  regions 
(specifically the mandibular corpus and ascending 
ramus)  provide  better  assessment  of  biological 
sex if treated as isolated structural units - as seen 
in previous studies 7,9,11,21,22  –  or if  they improve 
sex  assessment  when  combined  into  a  single 
anatomical module.
To  this  end  we  conducted  a  two-block  PLS 
within the same configuration using MorphoJ.32

Predicted 
as male

Predicted 
as female Total

Known 
male 88.0% 12.0% 100%

Known 
female 18.0% 82.0% 100%

40
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Landmarks were sub-divided into a corpus block 
(k 31 = LM 1 and LM 4 to LM 33)  and a ramus 
block (k 22 = LM 2, LM 3 and LM 34 to LM 53). 
Two-block PLS produced an RV coefficient (the 
measure  of  co-variance  between  units)  of  0.74, 
which  indicates  a  strong  statistical  association 
between blocks and a high degree of modularity 
in anatomical structure; an RV of 1 implies that 
one  set  of  variables  can  be  obtained  from the 
other set by rigid rotation and/or reflection.40 To 
confirm  modularity  we  performed  a  series  of 
stepwise  exclusion  tests ,  reducing  10%  of 
l andmarks  a t  each  i te ra t ion  unt i l  no 
improvement  in  classification  accuracy  was 
noted.

Table 4. Cross-classification results of sex 
assessment based on k 25 landmarks and p = 10 

PC’s (overall cross-validated success rate 92.5%).

Re-analysed  data  was  based  on  treatments  of 
dependent (both blocks)  and independent units 
(single  blocks) ;  each  iteration  required  a 
Procrustes refit with PCA in each round of the 
stepwise  procedure.  This  reached  an  optimum 
classification  based  on  k  25  landmarks  of  the 
dependent  blocks  (both  block  sets)  with  an 
increased cross-validation of 92.5%  of  cases by 
sex  (Table  4).  Classification  rates  based  on 
individual  treatment  blocks  were  significantly 
reduced in comparison to the optimal value of k. 
Optimal  sex-based  shape  differences  are 
significant  (Procrustes  ANOVA,  F  24.33, 
p<0.0001) and visualised in Fig. 4; it should be 
noted that original fixed landmarks L M 1 to LM 
3 were not retained in the optimal configuration, 
instead  the  outline  of  the  inferior  corpus  and 
posterior ramus is  highlighted by k 25 retained 
equidistant  landmarks.  It  can  be  clearly  seen 
that sex-based differences are localised and most 
extreme  in  the  inferior  displacement  of 
symphysis  (LM  1  to  LM  3  –  pointing  of  the 
chin),  the  degree  of  incurvature  in  the  corpus 
just  anterior  to  gonion  (LM 8  to  LM 16)  and 
posterior displacement in the upper half of the 
posterior
border of  the ramus (LM 19 to LM 25)  in  the 
female mean shape compared to the male.  

Fig. 4 Visualization of shape variation due to maximally-differentiating sexual dimorphism as determined by 
Fisher’s linear discriminant analysis based on optimum k 25 landmarks, showing the extremes of shape variation 

as vectors. Note, variation is expressed from the male consensus (solid circles) to the female mean shape 
(terminus of vector), with the deformation grid applied to assist visualization. Figure generated using MophoJ; 

note landmark numbers refer to new (retained) numbering system. 

DISCUSSION 
This investigation was designed to introduce a more 
standardised method of sex determination in the 
process of human identification within the field of 
forensic  dental  radiology.  The efficacy of  cross-
validated discriminant analyses indicates a very high 
level of robust and significant classification based on k 
25 landmarks (92.5% correct overall, 91.0% of males 

correctly  classified,  94.0%  of  females  correctly 
classified).  These results compare extremely well to 
earlier research (Table 5)  using various methods of 
metric and statistical shape analysis applied to areas of 
the mandible such as the gonial region,7,22 ascending 
ramus,7,11,21,23 and overall size and shape.13,14,16,17,19 

Predicted 
as male

Predicted 
as female Total

Known 
male 91.0% 9.0% 100%

Known 
female 6.0% 94.0% 100%

41
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Table 5. Comparison of classification success from the present study compared to other published 
research. N indicates dimensions (2D or 3D) and K the number of landmarks utilised (if applicable). 

42

Publication Classification type Classification success N k

Balci et al., 200511 Sex assessment based on morphological 
scoring of traits of ramus flexure using the 
method of Loth and Henneberg (1996).

Male: 95.6%
Female: 70.6%
Overall: 90.6%

NA NA

Franklin et al., 
200719

Sex assessment from the subadult mandible 
based on GMM analysis of overall shape

Male: 55%
Female: 65%
Overall: 59%

3 21

Franklin et al., 
200716

Sex assessment from adult mandible based on 
GMM analysis of overall shape 

Black male: 85.0%
Black female: 90.0%
Black overall: 87.5%

White male: 88.2%
White female: 92.3%
White overall: 86.7%

3 38

Franklin et al., 
200817

Sex assessment from adult mandible based on 
linear discriminant functions derived inter-
landmark distances from 3D shape capture

All variables:
Male: 83.3%
Female: 84.8%
Overall: 84.0%

Ramus only:
Male: 69.2%
Female: 81.9%
Overall: 75.1%

3 NA

Kemkes-
Grottenthaler et 
al., 20027

Sex assessment based on morphological 
scoring of traits of ramus flexure and gonial 
eversion using the method of Loth and 
Henneberg (1996).

Ramus flexure:
Male: 66%
Female: 32%
Overall: 59%. 

Gonial eversion:
Males: 75.4%
Females: 45.2% 
Overall: 69.3% 

NA NA

Oettlé et al., 
200521

Sex assessment from adult mandible based on 
GMM analysis of ramus flexure

Male: 67.8%
Female: 69.9%
Overall: 68.9%

2 11

Oettlé et al., 
200922 

Sex assessment from adult mandible based on 
GMM analysis of gonial eversion

Male: 73.9%
Female: 71.4%
Overall: 72.7%

2 7

Pretorius et al., 
200623

Sex assessment from adult mandible based on 
GMM analysis of ramus flexure (component 
of integrated study)

Male: 67.8%
Female: 69.9%
Overall: 68.9%

2 11

Schmittbuhl et 
al., 200113 

Sex assessment from adult mandible based on 
elliptical Fourier analysis (size effects included 
in the analysis)

Male: 97.1%
Female: 91.7%
Overall: 94.4%

2 NA

Schmittbuhl et 
al., 200214

Sex assessment from adult mandible based on 
elliptical Fourier analysis (size effects 
normalised in the analysis)

Male: 84.1%
Female: 81.2%
Overall: 82.7%

2 NA

Present study Sex assessment of adult mandible based on 
GMM analysis of outline of inferior corpus 
and posterior ascending ramus 

Male: 91.0%
Female: 94.0%
Overall: 92.5%

2 25
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Orthopantomogram images  allow  the  objective 
and reproducible collection of 2D images for the 
analysis  of  human  variation  using  geometric 
morphometric  techniques.  OPG-derived  data 
was  chosen  for  this  analysis  because  it  is  both 
abundant  (through  clinical  treatment)  and 
standardised;  many  orders  of  magnitude  more 
data of known age, sex and population group is 
available  from  clinical  OPG  sources  than  is 
available from dry bone specimens – as such this 
is  a  source  of  biological  data  which  may  be  of 
great future utility for research purposes. 
This  study  confirms  that  (based  on  OPG 
ima ging )  the  dentate  mandible  exhibits 
significant  sexual  dimorphism  and  that  skull 
assessment of unidentified cadavers cannot leave 
aside  the  odontological  investigation  with  the 
benefit of stored radiological images.
Nevertheless,  further  assessment  on  a  wider 
sample of OPGs should be carried out in order to 
increase  the  predictive  accuracy  of  this  novel 
methodology. This analysis has demonstrated that 
the use of OPGs provides a robust standardised 
method of sex assessment and the importance of 
performing  a  complete  dental  radiological 
assessment  during  an  autopsy  with  the  aim of 
human  identification  of  unidentified  human 
remains.43  Stepwise  permutation  tests  and 
analyses  of  regional  co-variation  indicate 
functional  integration  in  the  structure  of  the 
mandible,  with  a  high  degree  of  anatomical 
modularity  between  the  corpus  and  ramus 
suggesting that functional ties between the units 
may  co -var y  in  in f luenc ing  sex -ba sed 

morphological  expression.  Consequently  such 
units  should  be  studied  together  (an  approach 
only  irregularly  applied  to  date,  such  as  in  the 
application  of  elliptical  Fourier  transforms 
[12-14])  and this may allow for the development 
of  identification criteria  based on modular  unit 
shape variables which may be applicable for both 
whole  specimens  and  fragmented  remains 
depending on the forensic situation. 
The  success  of  this  proof-of-concept  study  has 
encouraged  us  to  expand  the  remit  of  the 
research  project,  and  we  will  be  conducting 
assessment on a larger sample of OPGs in order 
to increase the predictive accuracy of sexing and 
to investigate population-level shape differences. 
We  will  expand  the  biological  focus  of  the 
analysis  and  investigate  within  group  (sex  and 
population)  as  well  as  pooled  sample  variation. 
Furthermore,  we  will  investigate  methods  of 
translation  of  shape  variables  onto  dry  bone 
specimens  to  aid  in  sex  assessment  from 
skeletonised remains.

CONCLUSION 
This  preliminary  morphometric  study  confirms 
that mandible exhibits great sex dimorphism and 
that radiological OPGs images can be used in the 
forensic  human  identification  process  for  sex 
assessment analysing the geometric and allometry 
relationship  between  the  corpus  and  the 
ascending  ramus  of  the  mandible.  Further 
assessment on a wider sample of OPGs should be 
carried  out  in  order  to  increase  the  predictive 
accuracy of this novel methodology. 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