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ABSTRACT: Mandible is the hardest and most durable bone of the skull exhibiting a high degree of sexual dimorphism. Especially ramus of
mandible is subjected to greater stress than any other bone of the skull because of the process of mastication. This study has been performed to estab-
lish the osteometric standards for practical use in forensic context over Indian population using mandibular ramus. The sample consists of 116 mandi-
bles of Northern Indian population (M:F; 92:24, mean age 37.4 years), collected from the Department of Forensic Medicine, IMS, BHU, Varanasi.
Osteometric informations about five metric parameters (coronoid height, projective height, condylar height, and maximum breadth and minimum
breadth of ramus) were taken with sliding calipers. These parameters were subjected to different discriminant function analysis using SPSS 16.0. All
parameters showed significant sexual dimorphism (p < 0.001 in all cases) with an overall accuracy of 80.2%, and coronoid height was the single best
parameter providing an accuracy of 74.1%.
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Sex determination of human skeletal remains is considered an ini-
tial step in its identification and is crucial for further analysis,
because estimation of age at death and stature follows markedly
different pattern in males and females (1). In present forensic sce-
nario, dismemberment or mutilation of body has become the frequent
method to conceal the identity of victim. When entire adult skeleton
is available for analysis, sex can be determined up to 100% accuracy
(2), but in cases of mass disasters where usually fragmented bones
are found, sex determination with 100% accuracy is not possible and
it depends largely on the available parts of skeleton. A number of
literatures have shown sexual dimorphism in almost every bone of
human skeleton. As evident from the past studies, skull is the most
dimorphic and easily sexed portion of skeleton after pelvis, providing
accuracy up to 92% (2–6). But in cases where intact skull is not
found, mandible may play a vital role in sex determination as it is the
most dimorphic bone of skull (7). Also, the maturation rate and
growth pattern differs in male and female as skeletal maturity occurs
earlier in females than males. Therefore, sexual difference may mani-
fest themselves in the skull and mandible of females earlier than in
the later and longer maturing males (8).

Mandible is the largest and strongest bone of the face (8). Pres-
ence of a dense layer of compact bone makes it very durable and
hence remains well preserved than many other bones. Dimorphism

in mandible is reflected in its shape and size. The shape of the
mandible is created by the sequential structural modeling while the
bone is increasing in size (9). As mandible is the last skull bone to
cease growth (10), it is sensitive to adolescent growth spurt (11).

Mandibular ramus can differentiate between sexes as the stages
of mandibular development, growth rates, and duration are dis-
tinctly different in both sexes. In addition, masticatory forces
exerted are different for males and females, which influences the
shape of the mandibular ramus (9,12).

When skeleton sex determination is considered, metric analyses
are often found to be of superior values owing to their objectivity,
accuracy, reproducibility, and lower level of inter- and intra-observer
errors, in comparison with descriptive traits (13–15). Weidenreich
(1936) evaluated the sexual dimorphism in mandible and reported
that modern human female mandible size averaged 92.4% of male
size (cited in Humphrey et al. [16]). Most of the differentiating
points cannot be seen until adulthood when all sex-differentiating
features become clearly visible. Humphrey et al. (16) pointed out
that during growth, mandibular ramus and condyle are the sites,
which are associated with greatest morphological changes in size
and remodeling, hence most dimorphic.

A number of studies have been conducted to test the efficiency
of mandible in determining sex worldwide (3,8,12,16–20). To date,
no such study has been carried out on mandible in northern part of
India. However, studies have been performed on the long bones of
both upper and lower limbs (21–26) in which demarking points
of these bones were worked out for this region. So, this study was
undertaken to evaluate and compare the various parameters of man-
dibular ramus as well as to produce new discriminant function in
fragmented mandibles. The findings of this study will provide a
platform to evaluate the ability of selected parameters to determine
the sex in forensic sample.
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Material and Methods

The sample comprising 116 dry adult mandibles, 92 males (25–
65 years, mean age 38.58 years) and 24 females (23–50 years,
mean age 31.75 years), were collected from Department of Foren-
sic Medicine, IMS, BHU, Varanasi, India. All pathological, frac-
tured, deformed, or edentulous mandibles were excluded from the
study. The number of females was limited when compared to
males, because all samples were forensic cases and female skele-
tons are limited in our forensic cases.

To minimize the intra-observer error, all the measurements were
taken with sliding calipers (0.1 mm precision) three times and the
average values were utilized for the analysis. The following mea-
surements were taken.

Maximum Ramus Breadth

The distance between the most anterior point on the mandibular
ramus and a line connecting the most posterior point on the con-
dyle and the angle of jaw (27) (Fig. 1).

Minimum Ramus Breadth

Smallest anterior–posterior diameter of the ramus (27) (Fig. 1).

Condylar Height ⁄ Maximum Ramus Height

Height of the ramus of the mandible from the most superior
point on the mandibular condyle to the tubercle, or most protruding
portion of the inferior border of the ramus (16) (Fig. 1).

Projective Height of Ramus

Projective height of ramus between the highest point of the man-
dibular capitulum and lower margin of the bone (27) (Fig. 1).

Coronoid Height

Projective distance between coronion and lower wall of the bone
(27) (Fig. 1).

Statistical Analysis

The data were analyzed using the discriminant procedure of the
statistical package SPSS 16.0 (SPSS Inc., Chicago, IL). Discrimi-
nant function analysis is used to determine which continuous vari-
ables discriminate between male and female. This approach is
particularly helpful in those bones in which no single variable gives
adequate sexual differentiation like mandible.

Results

Descriptive statistics of five mandibular ramus measurements
and associated univariate F ratio for both sexes are summarized in
Table 1. All measurements are found to be statistically significant
between the sexes (at p < 0.001). Comparison of mean values
shows that all dimensions are higher for male measurements than
females. The F-statistic values indicate that mandibular measure-
ments expressing the greatest dimorphism are coronoid height, con-
dylar height, and projective height of ramus.

Table 2 shows the standardized and unstandardized discriminant
function coefficients, structure matrix, group centroids, and section-
ing points in original samples. The sex can be calculated from
these functions by multiplying the values of mandibular ramus
dimensions by the corresponding coefficients plus the constant
which is the discriminant equation for that particular function.

For example, the discriminant equation for function 2 is given as

D ¼ ðmaximum ramus breadth� 0:155Þ
þ ðminimum ramus breadth��0:135Þ
þ ðCoronoid height� 0:191Þ � 13:887

A discriminant value is obtained by using this formula. A discri-
minant score greater than sectioning point indicates male and less
than sectioning point indicates female.

Table 3 presents the percentage of correct group membership.
This gives the accuracy of prediction for each function. The classi-
fication accuracy ranged from 60.3 to 80.2% using direct discrimi-
nant analysis.

Table 4 shows the indices of sexual dimorphism and demarking
points of variables. Demarking point is the average of male and
female mean values. If the value of measurement is higher than the
demarking point, it indicates male, while a measurement lower than
or equal to the demarking point indicates female. If only one
dimension is used for analysis, sex can be predicted by evaluating
the measurement of unknown according to the demarking point
(mean of both sexes). In this study, index of sexual dimorphism is
taken out by using the formula: (male mean ⁄ female mean) · 100.
This index indicates the level of difference between sexes: values

FIG. 1—Figure showing all the five measurements. (A) Maximum ramus
breadth. (B) Minimum ramus breadth. (C) Condylar height ⁄ maximum ramus
height. (D) Projective height of ramus. (E) Coronoid height. Originally
obtained from Vodanovic et al. (19).

TABLE 1—Descriptive statistics and sexual dimorphism of the mandible in
the analyzed sample.

Variable

Male = 92 Female = 24

Wilk’s Lambda F Ratio*Mean SD Mean SD

Max. ramus br. 42.81 3.59 40.34 3.76 0.928 8.859
Min. ramus br. 31.29 2.99 29.65 1.96 0.946 6.517
Condylar ht. 60.67 5.32 54.46 4.97 0.811 26.625
Projective ht.
of ramus

53.89 6.93 47.45 4.63 0.860 18.537

Coronoid ht. 61.68 5.45 54.89 3.54 0.773 33.525

*All measurements are in millimeters. **All significant at p < 0.001
level.
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close to 100 indicate low level of sexual difference and on the
other side the level of sexual difference increases with the increase
of the distance from 100 (19).

Discussion

Consistent differences have been found between male and female
mandibles from diverse range of human groups by Hrdlicka (cited
in [16]). Statistically significant differences between male and
female mandibles are well established, and these differences can be
used to predict sex in unidentified mandible. It is well established
that discriminant function derived from one specific population can-
not be applied to another as magnitude of sex-related differences
vary significantly among regional populations (3,28,29). So, there
is always a need to develop population-specific standards for accu-
rate sex determination from a skeleton deriving from that popula-
tion. Hence, standards have been developed for different
populations worldwide.

In the present study, direct discriminant analysis was employed,
testing each combination of variables. Each of the five variables
measured on mandibular ramus of the Indian population showed
statistically significant sex differences between sexes, indicating
that ramus expresses strong sexual dimorphism in this population.
The ramus shows greatest univariate sexual dimorphism in terms of
coronoid height followed by condylar height. The best parameters
are coronoid height and condylar height for males and projective
height for females. The variables of least use for discrimination are
maximum and minimum ramus breadth. Overall prediction rate
using all five variables was 80.2%, with females slightly more
accurately determined than males. Same accuracy was also
achieved by the combination of three measurements, i.e., maximum
ramus breadth, minimum ramus breadth, and coronoid height.

Earliest studies on mandible by Morant et al. (1936), Martin
(1936), and Hrdlicka (1940) (cited in Humphrey et al. [16]), have
established the usefulness of mandible for determination of sex.
They found that the sexual differences were highest in height of
the ramus. This has been confirmed in subsequent studies by De
Villiers (30) and Humphrey et al. (16). Measurements of the height
of mandibular ramus tend to show higher sexual dimorphism than
measurements of body height and breadth. Thus, emphasizing that
sex differences are more pronounced in mandibular ramus than
body. Mandibular ramus flexure, though contentious, was proved to
be very useful in the determination of sex up to an accuracy of
94–99% in combined African and Americans samples by Loth and
Henneberg (12). A number of metric studies performed on mandi-
ble have also confirmed that the ramus of mandible is most dimor-
phic. Giles (3) reported mandibular ramus height, maximum ramus
breadth, and minimum ramus breadth as highly significant with
classification accuracy of 85% in American white and Negro. Steyn
and Iscan (17) achieved an accuracy of 81.5% with five mandibular
parameters (i.e., bigonial breadth, total mandibular length, bicondy-
lar breadth, minimum ramus breadth, and gonion-gnathion) in
South African whites that is comparable with the current study.
Dayal et al. (20) found mandibular ramus height the best parameter
in their study with 75.8% accuracy. Previously, Franklin et al. (18)
reported a very high accuracy of 95% with 10 variables employing
geometric morphometric technique on South African population.
They reported that in South African blacks, the regions of mandible
expressing the greatest sexual dimorphism are condyle and ramus.
In their study, both ramus height and coronoid height showed an
average accuracy of 87.5%, which is higher than the present study.

It is interesting to note that breadth measurements which were
usually found to be very dimorphic in other osteometric studies
(3,19) are not very dimorphic in this sample. The lower prediction
accuracy in height and breadth measurements may be because of
population differences in size and expression of dimorphism which
is of low degree in Indian population (31). It has been established

TABLE 3—Percentage of correct classifications for the discriminant
functions.

Functions and
Variables

Males Females
Average

Accuracy %n = 92 % n = 24 %

Max. ramus br. + min.
Ramus. br. + condylar ht. +
projective ht. + coronoid ht.

73 79.3 20 83.3 80.2

Max. ramus br. + min. ramus br.
+ coronoid ht.

73 79.3 20 83.3 80.2

Condylar ht + projective ht
+ coronoid ht.

69 75 20 83.3 76.7

Coronoid ht. 68 73.9 18 75 74.1
Condylar ht. 68 73.9 16 66.7 72.4
Projective ht. 60 65.2 19 79.2 68.1
Max ramus br. 57 62 15 62.5 62.1
Min ramus br. 55 59.8 15 62.5 60.3

TABLE 4—Showing the indices of sexual dimorphism and demarking
points (in mm).

Variables
Index of Sexual

Dimorphism
Demarking

Points

Coronoid ht. 112.37 Female £ 58.29 < male
Condylar ht. 111.40 Female £ 57.56 < male
Projective ht. 113.57 Female £ 50.67 < male
Min. ramus br. 105.53 Female £ 30.47 < male
Max. ramus br. 106.12 Female £ 41.58 < male

TABLE 2—Standardized and unstandardized discriminant function
coefficients, structure matrix, sectioning points in original samples.

Functions and
Variables

Raw
Coefficients

Standardized
Coefficients

Structure
Coefficients Centroids

Sectioning
Points

F1Max.ramus br.
Min. ramus br.
Condylar ht.
Projective ht.
Coronoid ht.
(Constant)

0.117
)0.113

0.095
)0.045

0.167
)14.814

0.423
)0.317

0.500
)0.295

0.857

0.443
0.380
0.768
0.641
0.862

M = 0.319
F = )1.222

)0.451

F2Max.ramus br.
Min. ramus br.
Coronoid ht.
(Constant)

0.155
)0.135

0.191
)13.887

0.652
)0.379

0.977

0.468
0.401
0.910

M = 0.302
F = )1.156

)0.427

F3 Condylar ht.
Projective ht.
Coronoid ht.
(Constant)

0.122
)0.062

0.163
)13.843

0.643
)0.406

0.836

0.805
0.672
0.904

M = 0.304
F = )1.165

)0.430

F4Coronoid ht.
(Constant)

0.195
)11.774

1 1 M = 0.275
F = 1.053

)0.389

F5 Condylar ht.
(Constant)

0.190
)11.309

1 1 M = 0.245
F = )0.938

)0.346

F6 Projective ht.
of ramus

(Constant)

0.153

)8.048

1 1 M = 0.204
F = )0.783

)0.289

F7Max.ramus br.
(Constant)

0.267
)11.672

1 1 M = 0.141
F = )0.541

)0.2

F8Min. ramus br.
(Constant)

0.355
)10.999

1 1 M = 0.121
F = )0.464

)0.171
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that socio-environmental factors (e.g., malnutrition, climate, pathol-
ogies, occupation etc.), influences the development and the appear-
ance of bones. The studies have been conducted on Asian (Indians)
(32–34) subjects where malnutrition was prominently found con-
tributing to the lower degree of dimorphism that may result in false
identification of males as demonstrated by Galdames et al. (35)
who studied the effect of severe malnutrition on morphological
determinants of sexual dimorphism in skull.

Conclusion

This preliminary study on mandibles from the Northern Indian
population clearly indicates that the ramus part of mandible has satis-
factory potential for determination of sex. It can especially be used
for forensic cases where damaged and partially preserved mandibles
are frequently found. It is a limitation of this study that the female
sample size was small in comparison with that of male. We suggest
that larger samples and populations from more diverse geographic
regions may enhance the effectiveness of these parameters.

Conflict of interest: The authors have no relevant conflicts of
interest to declare.

Acknowledgments

We are especially thankful to Ms. Divya Srivastava and Ms.
Rajani Rai for their help and valuable suggestions during prepa-
ration of manuscript.

References

1. Ozer I, Katayama K, Sahgir M, GuleÅ E. Sex determination using the
scapula in medieval skeletons from East Anatolia. Coll Antropol 2006;
30(2):415–9.

2. Krogman WM. The human skeleton in forensic medicine. Springfield,
MO: Charles C. Thomas, 1962.

3. Giles E. Sex determination by discriminant function analysis of the man-
dible. Am J Phys Anthropol 1964;22:129–35.

4. Cox M, Mays S. Human osteology in archeology and forensic science.
London, UK: Cambridge University Press, 2000.

5. Scheuer L. Application of osteology to forensic medicine. Clin Anat
2002;15:297–312.

6. Grottenthaler AK. The reliability of forensic osteology—a case in point.
Forensic Sci Int 2001;117:65–72.

7. Duric M, Rakocevic Z, Donic D. The reliability of sex determination of
skeletons from forensic context in the Balkans. Forensic Sci Int 2005;
147(2–3):159–64.

8. Hu KS, Koh KS, Han SH, Shin KJ, Kim HJ. Sex determination using
nonmetric characteristics of the mandible in Koreans. J Forensic Sci
2006;51(6):1376–82.

9. Loth SR, Henneberg M. Sexually dimorphic mandibular morphology in
the first few years of life. Am J Phys Anthropol 2001;115(2):179–86.

10. Rogers TL. Determination of human remains through cranial morphol-
ogy. J Forensic Sci 2005;50(3):493–500.

11. Rosas A, Bastir M, Maza M, de Castro JMB. Sexual dimorphism in the
Atapuerca-SH homonids: the evidence from the mandibles. J Human
Evol 2002;42(2):451–74.

12. Loth SR, Henneberg M. Mandibular ramus flexure: a new morphologic
indicator of sexual dimorphism in the human skeleton. Am J Phys
Anthropol 1996;99(3):473–85.

13. Kemkes A, Gçbel T. Metric assessment of the ‘‘mastoid triangle’’ for
sex determination: a validation study. J Forensic Sci 2006;51(5):985–9.

14. Introna F, Di Vella G, Campobasso CP, Dragone M. Sex determination
by discriminant analysis of calcanei measurements. J Forensic Sci 1997;
42(4):725–8.

15. Patil KR, Mody RN. Determination of sex by discriminant function
analysis and stature by regression analysis: a lateral cephalometric study.
Forensic Sci Int 2004;147(2–3):175–80.

16. Humphrey LT, Dean MC, Stringer CB. Morphological variation in great
ape and modern human mandibles. J Anat 1999;195(4):491–513.

17. Steyn M, Iscan MY. Sexual dimorphism in the crania and mandibles of
South African Whites. Forensic Sci Int 1998;98(1–2):9–16.

18. Franklin D, Higgins PO, Oxnard CE, Dadour I. Determination of sex in
South African blacks by discriminant function analysis of mandibular
linear dimensions: a preliminary investigation using the Zulu local popu-
lation. Forensic Sci Med Pathol 2006;2(4):263–8.

19. Vodanovic M, Dumancic J, Demo Z, Mihelic D. Determination of sex
by discriminant function analysis of mandibles from two Croatian arche-
ological sites. Acta Smatica Croat 2006;40:263–77.

20. Dayal MR, Spocter MA, Bidmos MA. An assessment of sex using the
skull of black South Africans by discriminant function analysis. Homo
2008;59(3):209–21.

21. Singh S, Singh SP. Identification of sex from the humerus. Indian J
Med Res 1972;60(7):1061–6.

22. Singh S, Singh SP. Weight of the femur—a useful measurement for
identification of sex. Acta Anat 1974;87(1):141–5.

23. Singh S, Singh G, Singh SP. Identification of sex from ulna. Indian J
Med Res 1974;62(5):731–5.

24. Singh G, Singh SP, Singh S. Identification of sex from radius. J Indian
Acad Forensic Sci 1974;13:10–6.

25. Singh G, Singh S, Singh SP. Identification of sex from tibia. J Anat Soc
India 1975;24:20–4.

26. Singh G, Singh S. Identification of sex from fibula. J Indian Acad
Forensic Sci 1976;15:29–34.

27. Singh IP, Bhasin MK. A manual of biological anthropology, 1st edn.
Delhi: Kamla-Raj Enterprises, 2004.

28. Giles E, Elliot O. Sex determination by discriminant function analysis of
crania. Am J Phys Anthropol 1963;21:53–68.

29. Rosing FW, Graw M, Marre B, Timme SR, Rothschild MA, Rotzscher
K, et al. Recommendations for the forensic diagnosis of sex and age
from skeletons. Homo 2008;58(1):75–89.

30. De Villiers H. Sexual dimorphism of the skull of the South African
Bantu speaking Negro. S Afr J Sci 1968;64:118–24.

31. Frayer DW, Wolpoff MH. Sexual dimorphism. Annu Rev Anthropol
1985;14:429–73.

32. Bairagi R. A comparison of five anthropometric indices for identifying
factors of malnutrition. Am J Epidemiol 1987;126(2):258–67.

33. Walia BNS, Singh S. Protein energy malnutrition. Curr Paediatr
1995;5(1):43–8.

34. Abbasi K. The World Bank and world health focus on South Asia—II:
India and Pakistan. BMJ 1999;318:1132–5.

35. Galdames ICS, Matamala DAZ, Smith RL. Evaluating accuracy and pre-
cision in morphologic traits for sexual dimorphism in malnutrition
human skull: a comparative study. Int J Morphol 2008;26(4):876–83.

Additional information and reprint requests:
Vineeta Saini, M.Sc.
Research Scholar
Department of Forensic Medicine
Institute of Medical Sciences
Banaras Hindu University
Varanasi, India
E-mail: Vinita.bhu@gmail.com

S16 JOURNAL OF FORENSIC SCIENCES


