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Introduction

Skeletal identification is the initial step in forensics and plays a ma-
jor role in the identification process. Skull bone is known to show 
the second most sexual dimorphism, following pelvis with an ac-
curacy rate of  92%. Males have a larger and stronger bone when 
compares to that of  the females. Morphometric analysis of  the 
ramus of  the mandible tends to show greater dimorphism than 
the body of  the mandible. Hence this can be used as a method of  
sex determination [1].

Sex determination of  the deceased is easy to identify if  all the 
skeletal remains are present. The accuracy of  sex determination 
also is 100%. But more often than not, only fragments of  bones 

are available in case of  a mass disaster or a natural calamity. This 
hardens the process of  sex determination and the accuracy also 
decreases to a large extent [2]. It is relatively hard to find an intact 
skull. In such circumstances, mandible plays an important role in 
sex determination. It is the strongest and largest bone showing 
sexual dimorphism in the skull [3, 4]. The mandible is a durable 
bone due to the thick layer of  cortical bone. The sexual dimor-
phism in mandible is because of  the size and shape of  the bone.
The muscles of  mastication also influence the dimorphism of  the 
bone [5].

Males exert greater force of  mastication when compared to that 
of  the females [6]. From the previous studies, it is evident that the 
mandibular condyle and the ramus show greater dimorphism in 
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the mandible. These sites are associated with the greatest change 
in the size and the remodelling during growth. The measurements 
of  the mandibular ramus presentthe greater variation among the 
males and females when compared to the body of  the mandible 
[7]. Morphometric analysis is accurate and they can be used to 
identify the sex of  the individual [8].

Radiographs have become important in the investigation and 
diagnosis process. Dentofacial radiographs are taken routinely 
in the dental and medical offices for diagnostic purposes [9]. A 
rotational panoramic radiograph provides a comprehensive view 
of  the oral and maxillofacial complex. In forensics, the antemor-
tem and post-mortem radiographs are compared to help in the 
positive identification of  the human remains [10]. This study was 
aimed to assess the accuracy of  morphometric analysis of  ramus 
of  mandible in predicting the sex of  an individual. 

Materials and Methods

Mandibular skeletons present in Saveetha Dental College were 
used for this study. 30 Ideal skeletal bones without any deformi-
ties were chosen for the study. The study was conducted by care-
fully analysing the angle and the ramus of  the mandible. A ver-
nier calliper was used to determine the various parameters for the 
study. The parameters that were chosen for the study included: 

Supero-inferior height of  the ramus of  the mandible (Figure 1) 
and Antero-posterior length of  the ramus of  the mandible (Fig-
ure 2) on both the sides of  the mandible. The divider points were 
held against the points of  measurement. Then divider was placed 
against the Digital Vernier calliper and the readings were noted 
down. Three measurements of  each parameter were taken so that 
an average could be taken and the observer error value could be 
significantly reduced. The measurements were recorded by an in-
dividual and all the values were rounded to two decimal places.

Results

The antero-posterior length of  the ramus in right side in males 
and females was 4.625cm and 4.198 cm respectively with a mean 
total of  4.411cm [Table 1]. The antero-posterior length of  the 
ramus in left side in males and females was 4.328 cm and 4.255 cm 
respectively with a mean total of  4.292 cm [Table 1].

The supero-inferior height of  the ramus in right side in males 
and females was 5.276 cm and 4.935 cm respectively with a mean 
total of  5.105 cm [Table 2]. The supero-inferior height of  the 
ramus in left side in males and females was 5.091 cm and 4.672 
cm respectively with a mean total of  4.882 cm [Table 2]. Overall, 
the measurements in males were higher than that of  the females. 
It was found that 14 male mandibles and 16 female mandibles 

Figure 1. Measurement of  Supero-inferior height of  the ramus of  the mandible.

Table 1. Measurements of  Antero-posterior length of  the ramus of  the mandible.

Sex Right side 
length(cm)

Left side 
length (cm)

Male 4.625 4.328
Female 4.198 4.255

Table 2. Measurements of  Supero-inferior height of  the ramus of  the mandible.

Sex Right side height 
(cm)

Left side height 
(cm)

Male 5.276 5.091
Female 4.935 4.672

Figure 2 Measurement of  antero-posterior length of  the ramus of  the mandible.
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could be identified. 

Discussion

Sex determination morphometrically has been an older approach 
in the forensic and medico-legal examination. The method used 
for determination may be different depending upon the condi-
tions such as availability of  the bones and their conditions. De-
termination of  sex through bony remains is significant during 
mass disasters and fatalities where only the bones of  the deceased 
remain for investigation as they are damaged beyond recogni-
tion. When the entire skeleton is present, the accuracy rate of  
sex determination is 100% as it can be determined by the pelvic 
bone. However, in majority of  the accidents only a fragment of  
the bone is available for investigation. Skull is the hardest and one 
of  the bones that usually remains after a disaster and thus can 
be used in forensics. Mandible is one of  the bones that exhibits 
sexual dimorphism and hence it can be used to determine the sex 
of  the individual [11].

When the forensic data are unavailable, anthropometric analysis 
of  the intraoral regions can be useful [8]. A study conducted by 
Kambylafkas et al showed that the evaluation of  the total height 
of  the ramus is reliable [12]. The best parameter used in a study 
for identification of  the sex was the height of  the ramus of  the 
mandible [2]. Saini et al found that coronoid height proved to 
be the best to determine the sex of  an individual with an accu-
racy rate of  74.1% and combining with minimum ramus height, 
minimum ramus breadth and / or ramus length had an accuracy 
rate of  80.2% [13]. Another study conducted by Indira et al, on 
mandibular measurements using orthopantomograph was found 
statistically significant using the discrimination functional analysis. 
There was significant sex determination suggesting that mandible 
is a strongly dimorphic bone [14].

Shiva prakash et al conducted a study in sex determination by 
analysing the mandibular ramus posterior flexure. The study had 
an accuracy rate of  80%, where sex was determined in 44 cases 
out of  55 male mandibles with an accuracy rate of  80%, and sex 
was accurately determined in 35 cases out of  49 female mandibles 
with accuracy rate of  71% [15]. Significant difference was pre-
sent between the different variables which includes: bicondylar 
breadth, bigonial angle and minimum ramus breadth according 
to the study done by Kharoshah et al [16]. Loth et al determined 
the sex using a single variable which was the presence or absence 
of  flexure of  the posterior border of  the ramus with an accuracy 
of  90.6%-99% [17]. There was no significant difference observed 
in mandibular angle in sex determination in the young Lebanese 
population (83 young individuals consisting of  40 males and 43 
females) aged between 17 and 26 years in a study that was con-
ducted by Ayoub et al [18].

Study done by Steyn et al showed bigonial breadth was the most 
dimorphic of  the parameters that were considered [19]. Study 
conducted by Samatha et al also concluded that sex was accurately 
determined in 32 cases out of  sixty male mandibular measure-
ments with prediction accuracy rate of  53% and sex was accurate-
ly determined in 36 cases out of  sixty female mandibular meas-
urements with accuracy rate of  60% [1]. The socio-environmental 
factors (e.g. nutrition, food, climate, pathologies, etc.) influence 
the development, and thus the appearance of  bones. Also, sex 

determination is difficult in edentulous patients and people in the 
sub-adult age [20]. With a rich case bank established over the last 
decades we have been able to publish extensively in our domain 
[21-24]. Further large-scale trials are required to establish the pre-
cision of  morphometric analysis of  the ramus of  the mandible 
for sex determinationin our study population.

Conclusion

It can be concluded from our study that the ramus of  mandible 
has satisfactory potential for determination of  sex. It can be used 
for forensic cases such as in mass disaster where only damaged 
and partially preserved mandibles are frequently found. The ra-
mus of  the mandible and the condyle were found to be the most 
dimorphism part of  the mandibular bone, and to a lesser extent 
the lateral body. The variation could be dueto differential growth 
trajectories and functional adaptations.
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