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Abstract:  Identification of human skeletal remains is a critical problem and is very important in medicolegal 

and anthropological work.  The determination of sex of an individual is important and necessary both in the 

living and the dead for medico legal purpose. It is particularly essential when only skeletal remains are 

available.  In the living and the dead, in fresh conditions. Difficulty arises when sex is to be decided based on a 

few skeletal remains. Good number of human mandibles was collected from the burial grounds in and around 

Tirupati. They were sorted out and intact adult normal mandibles were selected for the present work.For each 

mandible accurate measurements were taken for 22 variables namely, (1) Symphyseal height, (2) Coronoid 

height, (3) Minimum breadth of ramus, (4) Maximum breadth of ramus, (5) Height of ramus – right, (6) Height 

of ramus – left, (7) Body height, (8) Body thickness, (9) Body length,(10) Bigonial dimeter, (11) Bicondylar 

diameter, (12) Bimental breadth, (13) Mandibular angle, (14) Length of lowe jaw, (15) Interincisor width, (16) 

Interprmolar width, (17) Intermolar width, (18) Arch length, (19) Anthropometric arch length, (20) 

Anthropometric arch width, (21) Bicornoid width and (22) Mandibular index.The measurements were compared 

to the values of known sex to distinguish the sex of mandible. 

Keywords: Mandible, Symphyseal height, coronoid height, Bigonial diameter, Bicondylar diameter, 
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I. Introduction 
The mandible is a latin word which means lower jaw.  Mandere means to chew.  Thus the word 

mandible is derived.The mandible is the largest, strongest and lowest bone in the face.  This is only bone in the 

skull (with the exception of tympanic ossicles) that is capable of separate movement.  Mandible is formed to 

carry the lower teeth opposing those of upper jaw, gives insertion to the muscles of mastication and origin to 

muscles of tongue, floor of the mouth and some muscles of facial expression.Identification of human skeletal 

remains is a critical problem and is very important in medicolegal and anthropological work.  The determination 

of sex of an individual is important and necessary both in the living and the dead for medico legal purpose. It is 

particularly essential when only skeletal remains are available.  In the living and the dead, in fresh conditions. 

difficulty arises when sex is to be decided based on a few skeletal remains. The reconstruction of man’s part 

after death would be impossible without bones. Bones often survive the process of decay and therefore provide 

the major evidence of human age and sex after death.  The teeth and craniofacial skeleton are best preserved 

parts of human remains. The mandible is the strongest bone of facial skeleton and the best preserved after death.  

In mass disaster like air crashes, wars, railway accidents, floods etc., it is the medicolegal job to work with 

unknown variable to describe the skeletal remains and provide identification.  By sex determination, the job of 

identification would be reduced to half.Sex can be more accurately determined after attainment of puberly. The 

sex differences are well marked in the bony pelvis and skull.  An accurate determination of sex can be done in 

over 90 percent of cases using only pelvis and skull (Krogman, 1962, Modi, 1977,Ref.19,24). Sex determination 

from a given bone of an individual is of great value for medical jurist who often gives expert opinion from the 

available skeletal remains. Skull is the most easily sexed portion of skeleton next to pelvis.  As a component of 

the skull, mandible shares the character.  The study of identification of sex for a single bone is not only 

important medicolegally but anthropologically.  If the mandible alone is available besides sex, age and race also 

can be determined.  Mandible, maxilla and teeth are best preserved parts of the body after death.  The mandible 

has been extensively studied (Martin 1936, Morant 1936, Clever 1937, Hrdlicka 1940, Stewart 1954, Hanihara 

1959, Giles 1964,Ref.23,25,7.15,32,13,12). Their work was based on biometric study, mathematical methods, 

parameters like symphyseal height, gonial angle, bigonial breadth and discriminant function analysis etc. In 

India, Heereshchandra and Malaviya (1972Ref.14,15) studied subjective signs of mandible taking into account 

that chin is squarer in male and round in female. They also studied angle of mandible.  Diwan (1987Ref.9), 

Fakruddin (1987Ref.9) and Shroff (1987,Ref.9) studied using discriminant function scores (Rajagopal Reddy, 

1978,Ref.28). 

 

 

 



Studies On Human Mandibles 

www.iosrjournals.org                                                             9 | Page 

II. Materials And Methods 
            The material used for the study contained 88 human mandibles of unknown sex obtained from different 

grave yards in Tirupati town and from the Departmental pool.  The bones collected are free from any 

pathological lesions or fractures.  Totally edentulous mandibles with absorbed alveolar margins were excluded 

from this study.  The bones collected roughly belong to the age group of18 to 60 years. 

The following parameters were taken with Metal sliding calliper , Mandibulometer(fig.1)  measured on 

mandible in order to determine the sex. 1.Symphyseal height, 2.Coronoid height,3.Minimum breadth of ramus, 

4.Maximumbreadth of ramus, 5.Height of ramus – right, 6.Height of ramus – left,7.Body height,8.Body 

thickness,9.Body length,10.Bigonial diameter,11.Bicondylar diameter,12.Bimental breadth, 13.]Mandibular  

angle,14.Length of lower jaw,15.Interincisor width,16.Interpremolar width,17.Intermolar width,18.Arch 

length,19.Anthropometric arch length,20.Anthropometric arch width,21.Bicoronoid width22.Mandibular 

indexThe data collected is statistically analyzed, subjected to Factor analysis and tabulated. 

 The data collected on the 22 characteristics is possibly intercorrelated.  There could be significant 

interrelationships among these variables. In order to identify certain latent factors that could explain the 

variation in these characteristics, Factor analysis has been applied.  This method is based on another statistical 

principle called principal components. The objective of Factor analysis is to identify as many factors as possible 

in such a way that they are uncorrelated (a sort of independence).  The calculations are quite involved and the 

procedure also requires an in depth knowledge of statistical tools.  This procedure is however available in a 

number of software packages and SPSS (Statistical Packages for Social Sciences) is one such software.  This 

tool has been applied to the present data with the objective of identifying the principal components. The data on 

88 cases has been analyzed in SPSS with the following options.Extraction of factors by principal components. 

Factors whose  Eigenvalue is < 1.0 are not considered (table – 5)Correlation matrix among the variables (table - 

4)Rotation of factors by Varimax method. This portion of analysis ensures that the extracted factors are almost 

independent.Rearrangement of factors by the size of their loadings. 

                                                                            

Figure. 1 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

III. Discussion 
Dry human mandibles of unknown sex were collected in large number from different grave yards in the 

around Tirupati and from the departmental pool.  By eliminating pathologically misfit mandibles, 88 numbers fit 

for the present work were selected.  Each mandible was carefully measured for 22 parameters already described 

in Materials and Methods.  The data thus obtained is tabulated (table – 1).  An attempt is made to identify the 

mandibles of either sex by measuring various parameters and by comparing the data with the data of known sex. 

 The symphyseal height varies from 23 mm to 40 mm with a mean value of 29.6 mm (table – 2). When 

this compared to the range of the known sex, 44 mandibles out of 88 could be identified as belonging to male 

and 37 to female while 7 remain undecided (table – 3). However, when other parameters are taken into 

consideration the significance of symphyseal height deciding the sex decrease.  Higher mandibular symphyseal 

height in male has been reported earlier (Mallik, 1969, Surendranath, 1989REF.22,33). This is in correlation 

with the present observation. 

 When coronoid height of all the mandibles under investigation is measured it ranges from 48 mm to 71 

mm with a mean value of 59 mm.  with the help of this parameter out of 88 mandibles 52 could be designated as 

belonging to male and 36 to female.  In males there is well developed coronoid process (Brothwell, 1981,Ref.2). 

Minimum breadth of the ramus ranges from 23 mm to 36 mm with a mean value of 30.5 mm.  With the help of 

this parameter, out of 88 mandibles 55 could be said to be male, 28 to be female and 5 remain undecided. 

Maximum breadth of ramus ranges from 28mm to 47 mm with a mean value of 39 mm by which 44 could be 
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regarded as male, 40 as female and 4 undecided.  It is stated earlier that in white races the mandible shows 

higher and narrower ramus while in the black races the ramus is lower, wider and more vertical (Shultz, 

1933Ref.31).   There was greater breadth of the ascending ramus compared to 15 female mandibles (Mallik, 

1969).  Male mandibles will have broader and longer ascending ramus (Brothwell 1981, Surendranath 

1989,Ref.2,33).  The ramus was more vertical in males than females (Prakash and Abdi, 1987,Ref.27).  In this 

connection it is interesting to note that the mandibles that are regarded as belonging to male in the present study 

show that the maximum and minimum breadth of ramus are in correlation with the earlier findings. The height 

of the ramus is measured on right and left sides for all the mandibles.  Right side mean value shows slight higher 

value by 3 mm than left side.  This difference may be due to the difference in the chewing habit of the 

individual.  This needs further investigation since there were no such observations in the past. 

 Body height of the mandible ranges from 18mm to 33mm with a mean value of 26.5mm. By this 

parameter alone 71 can be said to be male, 14 to be female and 3 remain undecided.  Body thickness ranges 

from 11mm to 18mm with mean value of 14.6 mm by which 81 belong to male,6 female and 1 undecided.  

Body length ranges from 60mm to 85mm with a mean value of 75mm by which 21 belong to male, 61 to female 

and 6 undecided. The body height, length and thickness though facilitating to sex the mandibles at higher 

percentage, this is regard as an insignificant factor in the known sex (seshaiah, 1992,Ref.30). 

      Bigonial diameter ranges from 80 mm 112 mm with a mean value of 92 mm by which 55 mandibles 

are said to be male and 33 to be female.  The bigonial diameter is influenced by the eversion or inversion of 

gonial angle.  Eversion of gonial angle is characteristic of male and inversion is that of female (lockhart, 

1965,Ref.21).  In the present study,55 mandibles have shown higher biogonial diameter and hence they are 

regarded as belonging to male and the rest female. 

Bicondylar diameter ranges from 91 mm to 126 mm with a mean value of 110mm by which 46 

mandibles can be said to be male,37to be female and 5 undecided. It is stated that sharp tubercles on the medial 

and lateral aspects of anterior surfaces of mandibular condyles are stress indicators (krogman,1962,Ref.19). 

Mandibular condyles were smaller in females (Tedeshi,1977,Ref,34).  In the present study those mandibles that 

are designated as belonging to females showed smaller condyles resulting in lesser diameters.  This is in 

accordance with the findings of Tedeshi, 1977.  However the difference in the bicondylar diameter of male and 

female mandibles were reported to be insignificant.  Bimental breadth from 37 mm to 50 mm with a mean value 

of 43 mm by which 52 mandibles can be said to be male and 36 to be female.  This parameter was reported to be 

significant. 

    Mandibular  angle ranges from 104
0
 to 137

0
 with a mean value 123

0
 by which 62 mandibles have 

greater and everted gonial angle (Shultz, 1933,Ref.31).  Eversion of angle is characteristic of male and inversion 

in that of female (Lockhart, 1965,Ref.21).  It was concluded that round chin mandible with inversion or eversion 

can not be a female one oand 59.26 percent of accuracy in sex determination is possible with mandible 

(Heereshchandra and Malaviya, 1972,Ref.14,15).  Male mandibles will have well developed and flaring gonial 

regions (Brothwell, 1981,Ref.2).  Mean value of mandibular angle was more in females-118.6
0
, females 123.0

0
 

(prakash and Abdi, 1987,Ref.27) In males the lateral aspsect of the angle of the mandible shows rough or rigid 

appearance.  In females the angle of the jaw is often more rounded and gracile in construction.  The attachment 

surface of the masseter muscle is often much smoother (Whittaker, D.K.and Mcdonald,1989,Ref.36).  In the 

present study. Those that are considered as females presented with higher mandibular angle and males with 

lower mandibular angle.  These findings are in agreement with the findings of Prakash and Abdi,1987,Ref.27). 

     Inter incisor width ranges from 13 mm to 20 mm with mean value of 16 mm by which 48 mandibles belong 

to male and 40 to female.  Inter premolar width ranges from 28 mm to 40 mm with mean value of 34 mm by 

which 65 mandibles can be said to be  male and 23 to be female. Intermolar width ranges from 39 mm to 53 mm 

with a mean value of 44 mm by which 67 mandibles can be said to be male and 21 to be female.  Though the 

mandibles are sexed based on the above parameters they were considered as insignificant in the earlier studies.  

However, these parameters are taken into account for the purpose of factor analysis. 

      Arch length ranges from 34 mm to 5o mm with mean value of 42 mm by which 86 mandibles shows 

male measurements and 2 females.  In the known sex the difference between the male and female is 

insignificant and hence in the present study almost all are falling into one category.  It has been stated that the 

dental arch forms appear to be strongly influenced by genetic factors, although environmental factors are more 

important (Christopher-L.B.Lavelle,1977,Ref.5).  Anthropometric arch length ranges from 48 mm to 64 mm 

with a mean value of 42 mm by which 31 mandibles can be grouped as males and 57 as females.  In the known 

sex the difference between the male and female of anthropometric arch width is said to be a significant 

parameter. 

Bicoronoid width ranges from 70 mm to 107 mm with a mean value of 92 mm by  which 49 mandibles 

can be grouped as males and 39 as females.  Though the difference between male and female is considered as 

insignificant in the earlier studies, a clear difference is observed in the present study. 
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      The values of the two parameters, namely length of lower jaw and mandibular index in the present 

study totally differ from the values of the mandibles of known sex.  Therefore, these two parameters were not 

applied to identify the sex of the mandible with reference to known sex and they are taken into consideration for 

factor analysis. 

      The foregoing account reveals that every parameter independent of other parameters contributes certain 

percent of certainty to decide the sex of mandible of unknown sex.  This percentage of certainty tilts when 

considered in the light of the percentage of other parameters.  Therefore, it is clear that based on no single 

parameter, sex of the mandible can not be decided.  All the parameters have to be considered together and for 

this purpose Factor analysis is resorted to.  Thus 6 factors have been extracted and they could explain 75.2 

percent of total variation in the data from all variables.  The factors are shown in the table-5.  Subject to the 

limitations of the sample data, 6 dominating characteristics that could possibly explain the nature of mandibles 

are  Height of the ramus – right,Body thickness,Anthropometric arch width,Inter incisor width,Mandibular 

index,Mandibular angleThese six variables are identified by selecting the first variable in each factor.  In the 

present study the 88 mandibles of unknown sex by carefully studying all the 22 parameters with reference to 

known values of either sex and by subjecting the data to Factor analysis it is known that with 75 percent 

certainty one can sex the mandible. 

 

 
 

 

 

 

 

 



Studies On Human Mandibles 

www.iosrjournals.org                                                             12 | Page 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Studies On Human Mandibles 

www.iosrjournals.org                                                             13 | Page 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Studies On Human Mandibles 

www.iosrjournals.org                                                             14 | Page 

 
 

IV. Conclusion 
For each mandible accurate measurements were taken for 22 variables namely, (1) Symphyseal height, 

(2) Coronoid height, (3) Minimum breadth of ramus, (4) Maximum breadth of ramus, (5) Height of ramus – 

right, (6) Height of ramus – left, (7) Body height, (8) Body thickness, (9) Body length,(10) Bigonial dimeter, 

(11) Bicondylar diameter, (12) Bimental breadth, (13) Mandibular angle, (14) Length of lowe jaw, (15) 

Interincisor width, (16) Interprmolar width, (17) Intermolar width, (18) Arch length, (19) Anthropometric arch 

length, (20) Anthropometric arch width, (21) Bicornoid width and (22) Mandibular index.The measurements 

were compared to the values of known sex to distinguish the sex of mandible. Every parameter, independent of 

other parameters provides certain percentage of certainity about the sex of mandible of unknown sex.  This 

percentage of certainity significantly shifts when considered in combination with other parameters.  Therefore, 

based only on one or two variables the sex of mandible cannot be decided. When all the variables are considered 

together and treated statistically, six factors have been extracted which could explain 75.2 percent of total 

variation in the data from all variables.Six dominating characters that possibly explain the nature of the 

mandible are (1) height of the ramus-right, (2) body thickness, (3) anthropometric arch width, (4) inter incisor 

width, (5) mandibular index and (6) mandibular angle.The present study reveals that mandibles of unknown 

gender can be sexed to the extent of 75 percent accuracy by carefully studying all the 22 parameters listed above 

and by statistically treating the data. 
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