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Abstract Introduction: Talus is the key bone of the human foot. It is unique in the sense that it has no muscular or tendinous 

attachments. In the present study various parameters and indices of posterior calcaneal articular surface of talus has been 

used to test their efficacy of sexual dimorphism. 

for various dimensions and indices of posterior calcaneal articular surface of talus in the studied population and to 

evaluate the sexual dimorphism for the same

human talus obtained from the dead bodies donated to the Department of Anatomy, Shree M P Shah Government 

Medical College, Jamnagar. In this study length, breadth, depth, length breadth in

calcaneal articular surface of talus was used for the purpose of sexual dimorphism. 

length, breadth and depth of posterior calcaneal articular surface of talus were found to be larg

female talus and the difference was statistically very highly significant. Among the indices calculated, length breadth 

index show statistically significant difference between male and female, while length depth index was not sign

Conclusion: Length, breadth, depth and length breadth index of posterior calcaneal articular surface of talus are the 

useful criteria for the sexual dimorphism of talus.
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INTRODUCTION 
In the human foot, seven tarsal bones occupy the 

proximal half of the foot. The tarsal bones of the foot and 

the carpal bones of the hand are homologous, 

tarsal elements are larger, reflecting their role in 

supporting and distributing 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.

(the tarsal bone of the foot) is homologous with the 

scaphoid (the carpal bone of the hand).

 Access this article online 

 

 

 

Quick Response Code:  

Website: 

www.statperson.com

 

DOI: 05 July 2015

Mayankkumar Javia, Chintan Lakhani, Mital Patel. Morphometric study of posterior calcaneal articular surface of 

International Journal of Recent Trends in Science and Technology. July 2015; 15(3): 5

July 2015). 

Morphometric study of posterior calcaneal articular 

Gujarati population 
Chintan Lakhani

2
, Mital Patel

3
 

Professor, Department of Anatomy, Gujarat Adani Institute of Medical Sciences (GAIMS), Bhuj- 370001, Gujarat, INDIA.

Professor and HOD, Department of Anatomy, Shree M P Shah Government Medical College, Jamnagar, Gujarat

chintanjlakhani@gmail.com, drmitalpatel72@gmail.com  

: Talus is the key bone of the human foot. It is unique in the sense that it has no muscular or tendinous 

attachments. In the present study various parameters and indices of posterior calcaneal articular surface of talus has been 

y of sexual dimorphism. Aims: Aim of the present study was to establish normal range of values 

for various dimensions and indices of posterior calcaneal articular surface of talus in the studied population and to 

evaluate the sexual dimorphism for the same. Material and Method: Present study was conducted on 221 dry adult 

human talus obtained from the dead bodies donated to the Department of Anatomy, Shree M P Shah Government 

Medical College, Jamnagar. In this study length, breadth, depth, length breadth index and length depth index of posterior 

calcaneal articular surface of talus was used for the purpose of sexual dimorphism. Observations

length, breadth and depth of posterior calcaneal articular surface of talus were found to be larg

female talus and the difference was statistically very highly significant. Among the indices calculated, length breadth 

index show statistically significant difference between male and female, while length depth index was not sign

: Length, breadth, depth and length breadth index of posterior calcaneal articular surface of talus are the 

useful criteria for the sexual dimorphism of talus. 
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In the human foot, seven tarsal bones occupy the 

proximal half of the 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 

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 

e foot) is homologous with the 

scaphoid (the carpal bone of the hand).
3
 Sex 

determination by using the available bone of the human 

skeleton is of very much interest in the field of forensic 

science, anatomy as well as physical anthropology. 

Various bones or part of the bones have been used to 

identify the sex of the human, like head of the femur,

mid shaft circumference of the femur,

pelvis,
8
 clavicle,

9
 skull,

10
 scapula,

Combined use of both, bony pelvis and skull, for

determination, give no more than 90

Most bones, those are conventionally used for sexual 

dimorphism are often recovered either in a fragmented or 

incomplete state, so it has become necessary to use denser 

or robust bones, those are often recovered intact e.g. 

patella, talus, calcaneus.
14 

All human populations show at 

least some sexual dimorphic features regarding talus. 

These features are population specific and show racial 

variations also. In the present study, length, breadth, 

depth, length breadth index and length depth index of 

posterior calcaneal articular surface of talus has been 

taken and tried to analyze on the basis of sexual 

dimorphism. 
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: Talus is the key bone of the human foot. It is unique in the sense that it has no muscular or tendinous 

attachments. In the present study various parameters and indices of posterior calcaneal articular surface of talus has been 

: Aim of the present study was to establish normal range of values 

for various dimensions and indices of posterior calcaneal articular surface of talus in the studied population and to 

: Present study was conducted on 221 dry adult 

human talus obtained from the dead bodies donated to the Department of Anatomy, Shree M P Shah Government 

dex and length depth index of posterior 

Observations: In the present study 

length, breadth and depth of posterior calcaneal articular surface of talus were found to be larger in male as compared to 

female talus and the difference was statistically very highly significant. Among the indices calculated, length breadth 

index show statistically significant difference between male and female, while length depth index was not significant. 

: Length, breadth, depth and length breadth index of posterior calcaneal articular surface of talus are the 
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determination by using the available bone of the human 

skeleton is of very much interest in the field of forensic 

science, anatomy as well as physical anthropology. 

r part of the bones have been used to 

identify the sex of the human, like head of the femur,
4
 

mid shaft circumference of the femur,
5
 sacrum,

6
 sternum,

7
 

scapula,
11
 mandible

12
 etc. 

Combined use of both, bony pelvis and skull, for the sex 

determination, give no more than 90-95% of accuracy.
13

 

Most bones, those are conventionally used for sexual 

dimorphism are often recovered either in a fragmented or 

incomplete state, so it has become necessary to use denser 

are often recovered intact e.g. 

All human populations show at 

least some sexual dimorphic features regarding talus. 

These features are population specific and show racial 

variations also. In the present study, length, breadth, 

depth, length breadth index and length depth index of 

posterior calcaneal articular surface of talus has been 

taken and tried to analyze on the basis of sexual 
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MATERIALS AND METHODS 
Present study was conducted on 221 dry adult human 

talus during the period of three years from 2011 to 2013. 

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. Following 

measurements of posterior calcaneal articular surface of 

talus were taken: 

LPCAS (Length of Posterior Calcaneal Articular 

Surface of talus): [figure 1] 

LPCAS was measured as the straight distance between 

the two end points of the middle longitudinal curve of the 

posterior calcaneal articular surface of talus. The points 

lie exactly on the margin of the posterior calcaneal 

articular facet. Instrument used: Sliding Caliper. 

 
Figure 1: Showing the measurement of LPCAS 

 

BPCAS (Breadth of Posterior Calcaneal Articular 

Surface of talus): [figure 2] 
BPCAS was measured as the greatest breadth taken at 

right angle to length. Instrument used: Sliding Caliper 
 

 
Figure 2: Showing the measurement of BPCAS 

 

DPCAS (Depth of Posterior Calcaneal Articular 

Surface of talus): [figure 3] 
DPCAS was measured as the height of perpendicular to 

the chord joining the two end points of middle 

longitudinal curve of the posterior calcaneal articular 

surface of talus. Instrument used: Co-ordinate Caliper. 

 
Figure 3: Showing the measurement of DPCAS 

 

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. Above mentioned 

measurements were further used to calculate the 

following indices: 

LBIPCAS (Length Breadth Index of Posterior 

Calcaneal Articular Surface of talus): 

• LBIPCAS was calculated by using following 

formula: 

• Length breadth index of posterior calcaneal 

articular surface of talus = (Breadth of posterior 

calcaneal Articular Surface of talus/ Length of 

Posterior calcaneal Articular Surface of talus) x 

100 

• LBIPCAS = (BPCAS/LPCAS) x 100 

LDIPCAS (Length Depth Index of Posterior 

Calcaneal Articular Surface of talus): 

• LDIPCAS was calculated by using following 

formula: 

• Length depth index of posterior calcaneal 

articular surface of talus = (Depth of Posterior 

calcaneal Articular Surface of talus/ Length of 

Posterior calcaneal Articular Surface of talus) x 

100 

• LDIPCAS = (DPCAS/LPCAS) x 100
15
 

Student t test was applied and p value was calculated at 

95% confidence interval by using statistical aids (SPSS 

computer software) for comparison of various parameters 

and indices of posterior calcaneal articular surface of 

talus between male and female. If ‘p value’ of a particular 

measurement for male and female is >0.05, there is no 

statistically significant association for that particular 

measurement between male and female. If ‘p value’ is 

between 0.05-0.01, there is statistically significant 

association for that particular measurement between male 

and female. If ‘p value’ is between 0.01-0.005, it will 

suggest statistically highly significant association. If ‘p 

value’ is <0.005, it will suggest statistically very highly 

significant association.
16 
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RESULTS 
Table 1: Showing the number of bones taken, mean, SD, standard error mean, range, mean±SD and mean±3SD of various parameters and 

indices of posterior calcaneal articular surface of talus of Gujarati population of present study 

 SEX N 
Mean 

 

SD 

 

Std. Error 

 Mean 

Range 

(min-max) 
Mean±SD Mean±3SD 

LPCAS 
male 127 31.01 mm 2.16 mm 0.19169 mm 21 mm - 37 mm 28.86 mm -3.18 mm 24.54 mm -37.50 mm 

female 94 28.04 mm 1.90 mm 0.19600 mm 23 mm - 34 mm 26.14 mm -9.94 mm 22.34 mm -33.74 mm 

BPCAS 
male 127 22.92 mm 1.92 mm 0.17087 mm 19 mm - 34 mm 21 mm -24.85 mm 17.14 mm -28.70 mm 

female 94 21.21 mm 1.53 mm 0.15855 mm 16 mm - 24 mm 19.68 mm -2.75 mm 16.60 mm -25.82 mm 

DPCAS 
male 127 6.83 mm 0.84 mm 0.07480 mm 5 mm -10 mm 5.99 mm -7.68 mm 4.31 mm -9.36 mm 

female 94 6.14 mm 1.01 mm 0.10475 mm 4 mm - 9 mm 5.13 mm -7.16 mm 3.10 mm -9.20 mm 

LBIPCAS 
male 127 74.13 6.84 0.60759 61.76-109.52 67.29-0.98 53.59-94.68 

female 94 75.76 4.72 0.48763 64-88 71.03-0.49 61.58-89.95 

LDIPCAS 
male 127 22.13 3.10 0.27529 15.15-33.33 19.04-5.24 12.83-31.44 

female 94 21.97 3.59 0.37009 12.5-32.14 18.38-5.56 11.21-32.74 

 

As shown in the table 1, mean LPCAS of male and mean 

LPCAS of female talus were 31.01 mm (range 21 mm-37 

mm) and 28.04 mm (range 23 mm-34 mm) respectively. 

Mean BPCAS of male and mean BPCAS of female talus 

were 22.92 mm (range 19 mm-34 mm) and 21.21 mm 

(range 16 mm-24 mm) respectively. Mean DPCAS of 

male and mean DPCAS of female talus were 6.83 mm 

(range 5 mm-10 mm) and 6.14 mm (range 4 mm-9 mm) 

respectively. Mean LBIPCAS of male and mean 

LBIPCAS of female talus were 74.13 (range 61.76-

109.52) and 75.76 (range 64-68) respectively. Mean 

LDIPCAS of male and mean LDIPCAS of female talus 

were 22.13 (range 15.15-33.33) and 21.97 (range 12.5-

32.14) respectively. Mean LPCAS, BPCAS and DPCAS 

are high in male talus as compared to female talus in 

Gujarati population of present study. Mean LBIPCAS and 

LDIPCAS are high in female talus as compared to male 

talus in Gujarati population of present study as these 

indices are dependent to other parameters and having 

LPCAS as the denominator. 
  

Table 2: Showing the statistical analysis and the results of independent samples test applied to various parameters and indices of posterior 

calcaneal articular surface of talus of Gujarati population of present study 

Results of independent samples test 

  

Levene's Test for  

Equality  

of Variances 

t-test for Equality of Means 

 

PARA 

METERS 
 F Sig t df 

Sig.  

2-tailed 

p value 

Mean  

Diff. 

Standard 

Error  

Diff. 

95% Confidence  

Interval of  

the Difference 

Lower Lower 

LPCAS 

Equal variances 

assumed 
1.817 0.179 10.640 219 0.000 2.97319 0.27945 2.42245 3.52394 

Equal variances not 

assumed 
  10.845 212.497 0.000 2.97319 0.27415 2.43279 3.51360 

BPCAS 

Equal variances 

assumed 
0.743 0.390 7.090 219 0.000 1.70849 0.24098 1.23357 2.18342 

Equal variances not 

assumed 
  7.330 217.715 0.000 1.70849 0.23310 1.24908 2.16791 

DPCAS 

Equal variances 

assumed 
3.334 0.069 5.477 219 0.000 0.68571 0.12520 0.43895 0.93247 

Equal variances not 

assumed 
  5.328 177.888 0.000 0.68571 0.12871 0.43171 0.93971 

LBIPCAS 

Equal variances 

assumed 
6.031 0.015 -1.977 219 0.049 -1.62399 0.82163 -3.24330 -0.00468 

Equal variances not 

assumed 
  -2.085 218.034 0.038 -1.62399 0.77907 -3.15946 -0.08853 

LDIPCAS 

Equal variances 

assumed 
0.982 0.323 0.366 219 0.715 0.16515 0.45136 -0.72442 1.05471 

Equal variances not 

assumed 
  0.358 183.028 0.721 0.16515 0.46125 -0.74491 1.07520 
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As shown in table 2, p value for LPCAS, BPCAS and 

DPCAS are 0.000, which suggest statistically very high 

significant difference between the male and female tali 

for these parameters. For LBIPCAS, sig value in 

Levene’s test for equality of variance is <0.05, so equal 

variances are not assumed and p value is 0.038, which 

suggest significant difference between the LBIPCAS of 

male and female tali. For LDIPCAS, p value is 0.715, 

which suggest that the difference between LDIPCAS of 

male and female tali is statistically insignificant. 
 

DISCUSSION 
 

Table 3: Showing the comparison of various parameters and 

indices of posterior calcaneal articular surface of talus of Gujarati 

population of present study with the findings of other populations 

Population Parameter Sex 
Readings 

N Mean SD 

WHITE SOUTH 

AFRICANS
14 

(2003) 

LPCAS 

MALE 60 
34.70 

mm 

2.10 

mm 

FEMALE 60 
31.56 

mm 

1.80 

mm 

BPCAS 

MALE 60 
23.00 

mm 

2.40 

mm 

FEMALE 60 
20.40 

mm 

2.00 

mm 

BLACK SOUTH 

AFRICANS
17 

(2004) 

LPCAS 

MALE 60 
34.07 

mm 

1.85 

mm 

FEMALE 60 
30.63 

mm 

1.86 

mm 

BPCAS 

MALE 60 
22.06 

mm 

1.51 

mm 

FEMALE 60 
19.83 

mm 

1.39 

mm 

KOREAN
18 

(2012) 

LPCAS 

MALE 70 
32.21 

mm 

2.54 

mm 

FEMALE 70 
28.70 

mm 

1.70 

mm 

BPCAS 

MALE 70 
21.42 

mm 

1.45 

mm 

FEMALE 70 
19.72 

mm 

1.08 

mm 

LBIPCAS 
MALE 70 66.70 4.78 

FEMALE 70 68.88 4.46 

GUJARATI 

POPULATION 

(PRESENT 

STUDY) 

(2015) 

LPCAS 

MALE 127 
31.01 

mm 

2.16 

mm 

FEMALE 94 
28.04 

mm 

1.90 

mm 

BPCAS 

MALE 127 
22.92 

mm 

1.92 

mm 

FEMALE 94 
21.21 

mm 

1.53 

mm 

LBIPCAS 
MALE 127 74.13 6.84 

FEMALE 94 75.76 4.72 

As shown in table 3, LPCAS and BPCAS were also 

measured by Bidmos MA et al in White and Black South 

African populations and by Lee UY et al in Korean 

population. Mean LPCAS of male and mean LPCAS of 

female talus in Gujarati population of present study is 

lower as compared to that of South African (White and 

Black) as well as Korean populations. Mean BPCAS of 

male talus in Gujarati population of present study is 

higher as compared to that of Black South African and 

Korean populations, and slightly lower as compared to 

that of White South African population. Mean BPCAS of 

female talus in Gujarati population of present study is 

higher as compared to that of South African (White and 

Black) and Korean populations. As shown in table 3, 

LBIPCAS was also measured by Lee UY et al in Korean 

population. Mean LBIPCAS of male and mean LBIPCAS 

of female talus in Gujarati population of present study is 

higher as compared to that of Korean populations. This is 

because of lower LPCAS and higher BPCAS in Gujarati 

population as compared to Korean population. 

Differences in these readings between various 

populations may be due to racial variations or may be due 

to difference in measuring techniques. 

 

CONCLUSION 
In Gujarati population of present study, LPCAS, BPCAS 

and DPCAS are statistically very highly significant 

criteria for the sexual dimorphism. LBIPCAS is 

statistically significant criteria for the sexual dimorphism. 

LDIPCAS is statistically insignificant criteria for the 

sexual dimorphism. In medicolegal cases, when whole 

skeleton is not available and sex has to be determined by 

using only a part of skeleton, especially talus, data of this 

study can be utilized. In orthopedic surgical procedures 

(like arthrodesis, arthroplasty), population specific data of 

talus of the Gujarati population should be kept in mind. 
Data of present study can be utilized for making models 

of bones of foot (particularly talus); and both male and 

female tali can be artificially made by considering the 

data of the present study for the routine study purpose in 

the department of anatomy and orthopaedics. 
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