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Sexual Dimorphism and Racial Differences in the Various Parameters

of Head and Neck of Talus in Gujarati Population
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Abstract

Introduction: Talus is the key tarsal bone of the foot. It is unique in the sense that it has no muscular
attachments. Sexual dimorphism and racial differences in the talus is utmost important for the forensic
experts, anatomists as well as physical anthropologists. The purpose of the present study was to determine
whether sex or race related morphometric differences in the various parameters of head and neck of talus
could be demonstrated, and if so whether they are useful for the identification of individuals of unknown
sex and race or not. Material and Method: Current study was done on the 221 dry adult human talus. The
parameters of head and neck of talus included in the study are length, breadth and height of head of talus
as well as head-neck length of talus. Results: Findings of all four parameters of head and neck of talus in
male were more as compared to those of female in the Gujarati population of present study. Discussion:
Findings of present study were compared with the findings of other researchers who measured the same
parameters in the different populations. Conclusion: All four parameters of head and neck of talus included
in the study are useful for the sexual dimorphism of talus in the Gujarati population of present study as
well as they are useful for the identification of individuals of unknown race.
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Introduction

Seven tarsal bones occupy the proximal half of the
human foot. The tarsal bones of the foot and the carpal
bones of the hand are homologous, but the tarsal
elements are larger, reflecting their role in supporting
and distributing the body weight [1]. Talus is the key
tarsal bone of the human foot. It is unique in the sense
that it has no muscular or tendinous attachments [2].
Talus (the tarsal bone of the foot) is homologous with
the scaphoid (the carpal bone of the hand) [3].

Determination of sex and race of the unknown
individual by using the available bone of the human
skeleton has remained the area of interest for physical
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anthropologists, forensic experts as well as
anatomists. Different bones or part of bones have been
used to identify the sex and race of unknown
individual, like pelvis [4], sacrum [5], skull [6],
mandible [7], femur [8,9], sternum [10], clavicle [11],
scapula [12] etc. Patella, talus and calcaneus, the
robust bones which are often recovered intact, can be
used for the same [13]. All human populations show
at least some sexual dimorphic features regarding
talus. These features are population specific and
show racial variations also. The purpose of the
present study was to determine whether sex or race
related morphometric differences in the various
parameters of head and neck of talus could be
demonstrated, and if so whether they are useful for
the identification of individuals of unknown sex and
race or not.

Aims and Objectives

* To determine the normal range of the values of
various parameters of head and neck of talus

* To determine; whether these parameters are useful
for the sexual dimorphism of talus or not
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* To determine; whether these parameters are useful
for the identification of individuals of unknown
race or not.

Material and Method

Present study was conducted on 221 dry adult
human talus during the period of five years from 2011
t02015. The bones were obtained from the dead bodies
donated to the Department of Anatomy, Shree M P
Shah Government Medical College, Jamnagar. Out of
total 221 talus, 127 were of male and 94 were of female.
Pathological, fractured or talus of unknown sex were
excluded from the study. Only fully ossified talus of

known sex were included in the study. Instrument used: Sliding Caliper [14]

Following parameters of head and neck of talus Height of Head of Talus
were taken in the present study:

Fig. 2: Showing the measurement of breadth of head of talus

Height of head of talus was measured as the height
of perpendicular on the chord joining the end points
Length of Head of Talus of the middle longitudinal curve of the navicular

Length of head of talus was measured as the articular surface of the head of talus.

distance between both the end points of longitudinal
axis of navicular articular surface of head of talus.
The surface of navicular fibrocartilage is also included
in this measurement.

Fig. 3: Showing the measurement of height of head of talus

Instrument used: Co-ordinate Caliper [14]
Head-neck Length of Talus

Head-neck length of talus was measured as the
projective distance from the furthermost point of
navicular articular surface to the anterior end of the
midsagittal curve of trochlea in the longitudinal axis
of the neck and projected to lower surface of the bone.

Fig. 1: Showing the measurement of length of head of
talus

Instrument used: Sliding Caliper [14]
Breadth of Head of Talus

Breadth of head of talus was measured as the
greatest breadth at right angle to the longitudinal axis.
In some simian groups, itis difficult to determine the
lower margin of the articular surface, where it merges
into the anterior articular surface of the calcaneus.

Fig. 4: Showing the measurement of head-neck length of talus
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Instrument used: Sliding Caliper with movable arms
[14]

To avoid intra-observer variation, each
measurement was taken at three different times and
the mean of all three readings was taken as the final
reading.

Student t test was applied and p value was
calculated at 95% confidence interval by using
statistical aids (SPSS-Statistical Package for the Social
Sciences) for the comparison of various parameters
of head and neck of talus between male and female.

If “p value’ of a particular parameter for male and
female is >0.05, there is no statistically significant
difference for that particular parameter between male
and female.

If “p value’ is between 0.05-0.01, there is statistically
significant difference for that particular parameter
between male and female.

If ‘p value’ is between 0.01-0.005, it will suggest
statistically highly significant difference.

If ‘p value’ is <0.005, it will suggest statistically
very highly significant difference [15].

Results

As we can see in the Table 1, in the Gujarati
population of present study, mean length of head of
talus in male is 28.92 mm, SD is 3.78 mm, range from
21 mm to 38 mm, mean+SD from 25.14 mm to 32.70
mm and meant3SD from 17.58 mm to 40.26 mm. Mean
length of head of talus in female is 27.63 mm, SD is
4.34 mm, range from 18 mm to 36 mm, mean+SD from
23.29 mm to 31.97 mm and mean+3SD from 14.34
mm to 40.65 mm.

Mean breadth of head of talus in male is 23.05 mm,
SD is 2.45 mm, range from 18 mm to 33 mm, mean+SD
from 20.60 mm to 25.51 mm and mean+3SD from 15.68

mm to 30.43 mm. Mean breadth of head of talus in
femaleis 21.82 mm, SD is 1.96 mm, range from 18 mm
to 28 mm, mean+SD from 19.86 mm to 23.80 mm and
mean+3SD from 15.93 mm to 27.73 mm.

Mean height of head of talus in male is 20.07 mm,
SD is 1.83 mm, range from 16 mm to 25 mm, mean+SD
from 18.24 mm to 21.90 mm and mean+3SD from 14.58
mm to 25.56 mm. Mean height of head of talus in
femaleis 19.17 mm, SD is 1.58 mm, range from 16 mm
to 24 mm, mean+SD from 17.59 mm to 20.75 mm and
mean+3SD from 14.43 mm to 23.91 mm.

Mean head-neck length of talus in male is 23.54
mm, SD is 1.86 mm, range from 19 mm to 30 mm,
mean+SD from 21.68 mm to 25.40 mm and mean+3SD
from 17.96 mm to 29.12 mm. Mean head-neck length
of talus in female is 21.81 mm, SD is 1.74 mm, range
from 17 mm to 26 mm, mean+SD from 20.07 mm to
23.55 mm and mean+3SD from 16.59 mm to 27.03
mm.

Mean length, breadth and height of head of talus
as well as mean head-neck length of talus in male are
more as compared to female in Gujarati population
of present study.

As we can see in Table 2, (for both- with equal
variances assumed as well as equal variances not
assumed) p value for the length, breadth and height
of head of talus as well as head-neck length of talus
are 0.000, which suggest statistically very high
significant difference between the male and female
talus for these parameters.

Discussion

As we can see in Table 3, various parameters of
head and neck of talus of different races (White and
Black South Africans, Americans, and Korean) have
been studied by the various researchers.

Table 1: Showing the Sex-Male/Female, N-number of bones taken, Mean, SD-Standard deviation, Standard error of mean, Range
(minimum-maximum), Mean+SD, Mean+3SD of various parameters of head and neck of talus of Gujarati population of present

study
Para-Meters SEX N Mean SD Std. Error Range (min- MeantSD  Mean+35SD
(mm) (mm) Mean (mm) max) (mm) (mm) (mm)

Length of Head of male 127 28.92 3.78 0.33606 21-38 25.14-32.70  17.58-40.26
Talus (MM) female 94 27.63 4.34 0.44866 18-36 23.29-31.97  14.34-40.65
Breadth of Head of ~ male 127 23.05 2.45 0.21802 18-33 20.60-25.51  15.68-30.43
Talus (MM) female 94 21.82 1.96 0.20273 18-28 19.86-23.80  15.93-27.73
Height of Head of male 127 20.07 1.83 0.16301 16-25 18.24-2190  14.58-25.56
Talus (MM) female 94 19.17 1.58 0.16335 16-24 17.59-20.75  14.43-23.91
Head-Neck Length male 127 23.54 1.86 0.16535 19-30 21.68-2540  17.96-29.12
of Talus (MM) female 94 21.81 1.74 0.17958 17-26 20.07-23.55  16.59-27.03
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Table 2: Showing the statistical analysis and the results of independent samples test applied to various parameters of head and
neck of talus of Gujarati population of present study

Independent Samples Test

Levene's Test t-test for Equality of Means
for
Equality
of Variances
F sig t DF Sig. Mean Standard 95% Confidence
(2- Difference Error Interval of
tailed) Difference the Difference
Lower Lower
Lengthofhead  Equalvariances 5305 .022 2336 219 .000 1.28296 .54910 20076 2.36517
of talus (mm) assumed
Equal variances 2289 183.903 .000 1.28296 .56056 17700 2.38892
not assumed
Breadth ofhead Equalvariances 3.234  .074 3.983 219 .000 1.22533 .30768 61894  1.83172
of talus (mm) assumed
Equal variances 4116 217.642 .000 1.22533 29771 .63857  1.81209
not assumed
Heightof head  Equal variances  .705 402 3.851 219 .000 .90853 .23593 44354  1.37351
of talus (mm) assumed
Equal variances 3.937 213.891 .000 .90853 .23077 45364 1.36341
not assumed
Head-neck Equal variances 259 612 6.992 219 .000 1.72416 24661 1.23813 2.21018
length of talus assumed
(mm) Equal variances 7.063  207.470 .000 1.72416 24411 1.24290 2.20542
not assumed

Table 3: Showing the comparison of various parameters of head and neck of talus of Gujarati population of present study with
the findings of the other researchers

No Researchers Populations Sample Sex PARAMETERS
size o o o o o o -
$2 8 s 8 t2 8 $eES
£528 £5285 Eg2p  feEv
S =i T oZm Wme T ! < e §
59 g+ S- g+ g< g H se83
= E &S E T3 E T ES
<= <= < = <
1 Bidmos and Dayal White south 60 Male - - 28.45 23.89
(2003)1 Africans +2.50 +2.50
60 Female - - 27.37 21.43
+2.30 +1.80
2 Bidmos and Dayal Black south 60 Male - - 25.33 20.85
(2004)1e Africans £1.77 +2.38
60 Female - - 21.84 19.56
+2.00 221
3 Ferrari ] et Americans 114 Male 29.52 19.23 - -
Al (2004)"7 +2.53 1225
113 Female 26.13 17.26 - -
+2.05 +1.54
4 Lee UY etal Korean 70 Male - - 26.74 20.99
(2012)1 +2.35 +2.13
70 Female - - 25.30 19.28
+1.94 +1.64
5 Present study Gujarati 127 Male 28.92 23.05 20.07 23.54
(2017) £3.78 1245 +1.83 +1.86
94 Female 27.63 21.82 19.17 21.81
+4.34 +1.96 +1.58 +1.74

In 2003 Bidmos and Dayal measured the heightof ~ in female White South Africans was 27.37 mm with
head of talus and head-neck length of talus in 60  SD 2.30 mm. In their study, mean head-neck length of
male and 60 female White South Africans. In their  talus in male White South Africans was 23.89 mm
study, mean height of head of talus in male White  with SD 2.50 mm and in female White South Africans
South Africans was 28.45 mm withSD 2.50mmand  was 21.43 mm with SD 1.80 mm. In the present study
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of Gujarati population we found mean height of head
of talus 20.07 mm with SD 1.83 mm in male and 19.17
mm with SD 1.58 mm in female. By comparing the
above findings, we can say that mean height of head
of talus in male as well as in female Gujarati
population of present study are less as compared to
the findings of male and female White South Africans
studied by Bidmos and Dayal, while the mean head-
neck length of talus in male as well as female Gujarati
population of present study are coinciding with the
findings of male and female White South Africans
studied by Bidmos and Dayal respectively.

In 2004 Bidmos and Dayal measured the height of
head of talus and head-neck length of talus in 60
male and 60 female Black South Africans. In their
study, mean height of head of talus in male Black
South Africans was 25.33 mm with SD 1.77 mm and
in female Black South Africans was 21.84 mm with
SD 2.00 mm. In their study, mean head-neck length of
talus in male Black South Africans was 20.85 mm
with SD 2.38 mm and in female Black South Africans
was 19.56 mm with SD 2.21 mm. By looking at these
findings, we can say that mean height of head of talus
in male as well as in female Gujarati population of
present study are less as compared to the findings of
male and female Black South Africans studied by
Bidmos and Dayal, while the mean head-neck length
of talus in male as well as female Gujarati population
of present study are more as compared to the findings
of male and female Black South African talus studied
by Bidmos and Dayal respectively.

In 2012 Lee UY etal measured the height of head of
talus and head-neck length of talus in 70 male and 70
female Koreans. In their study, mean height of head
of talus in male Korean was 26.74 mm with SD 2.35
mm and in female Koreans was 25.30 mm with SD
1.94 mm. In their study, mean head-neck length of
talus in male Koreans was 20.99 mm with SD 2.13
mm and in female Koreans was 19.28 mm with SD
1.64 mm. By looking at these findings, we can say
that mean height of head of talus in male as well asin
female Gujarati population of present study are less
as compared to the findings of male and female
Koreans studied by Lee UY et al, while the mean head-
neck length of talus in male as well as female Gujarati
population of present study are more as compared to
the findings of male and female Koreans studied by
Lee UY et al respectively.

In 2004 Ferrari J et al measured the length and
breadth of head of talus in 114 male and 113 female
Americans. In their study, mean length of head of
talus in male Americans was 29.52 mm with SD 2.53
mm and in female Americans was 26.13 mm with SD
2.05 mm. In their study, mean breadth of head of talus

in male Americans was 19.23 mm with SD 2.25 mm
and in female Americans was 17.26 mm with SD 1.54
mm. By looking at these findings, we can say that
mean length of head of talus in male Gujarati
population of present study is less as compared to
the findings of male Americans, while the mean length
of head of talus in female Gujarati population of
present study is more as compared to the findings of
female Americans studied by Ferrari ] et al. We can
also say that mean breadth of head of talus in male as
well as female Gujarati population of present study
are more as compared to the findings of male and
female Americans studied by Ferrari J et al
respectively.

Differences in the findings of various parameters
of head and neck of talus of different populations
may be due to racial variations or may be due to
differences in measuring techniques or may be due to
coincidence. Similarities in the findings of various
parameters of head and neck of talus of different
populations may be due to migrating populations or
may be due to coincidence.

Conclusion

In the present study, we determined the normal
range of the values of various parameters of head
and neck of talus in the Gujarati population. Values
of these parameters (length of head of talus, breadth
of head of talus, height of head of talus, head-neck
length of talus) can be used for the sexual
dimorphism of talus with statistically very highly
significant differences between the male and female
talus. These findings can be used in the identification
of individuals of unknown race.
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