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SEX  DETERMINATION

Osteometric Sex Determination from the Hip  
Joint in a Thai Population

Srijit Das1),  Rattikan Kunta2),  Pagorn Navic5),  Apichat Sinthubua4,5),   
Phruksachat Singsuwan6),  Pasuk Mahakkanukrauh4,5)

ABSTRACT
Objective: Sex determination from human remains is one of the important steps in the biological identification. The present 

study aimed to determine sex of hip joint in a Thai population.
Design: A metric for the hip joint to estimate sex. 
Materials and Methods: The 200 skeletons including 100 males and 100 females adult pelvises and femurs were studied. The 

four parameters of hip joint consist of distance from the pubic tubercle to the anterior rim of the acetabulum (PT-A), acetabu-
lum diameter (AD), depth of acetabulum (DA), and femoral head diameter (FHD). The ratio of distance from the pubic tubercle 
to the anterior rim of the acetabulum to the acetabulum diameter (PT-A/AD), the ratio of the depth of acetabulum to the acetab-
ulum diameter (DA/AD), and the ratio of the femoral head diameter to the acetabulum diameter (FHD/AD) were calculated.

Results: The FHD was the best indicator for sex determination in both sexes. In females, the highest values of both left and 
right sides were 38.13 and 37.92 mm, respectively. In males, the lowest value of both sides were 40.06 mm. Three equations for 
sex determination were obtained by discriminant analysis as follows: (I) Y = 0.439 (ADL) - 22.651 for the left hip joint, (II) Y = 
- 0.891(PT-AR) + 0.392 (ADR) + 50.275 (PT-A/ADR) - 24.347 for the right hip joint, and (III) Y = 0.419 (ADR) - 3.635 (PT-A/ADL) - 
18.297 for both sides of the hip joint. 

Conclusion: The percentages of accuracy in sex determination were 96.5, 99.0, and 98.5 in the equations of left, right, and 
both sides of the hip joint, respectively. Therefore, the current study can be used for sex determination in Thailand.
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INTRODUCTION

Estimating the sex of a human skeleton is one of the important steps 
in the biological identity for forensic anthropological contexts, includ-
ing age, stature, and ancestry. Sex determination is usually the initial 
step for identification process when human skeletal remains are recov-
ered because it can take narrow scope with male or female by fifty per-
cent for matching to missing persons. Generally, the two techniques for 
sex estimation are visual assessment on the skull and pelvis and metric 
method. A metric sex estimation method is more scientific and avoids 
observational bias1). In forensic cases, the skeletal remains occasionally 
found only partially recovered, especially the hip joint, the joint 
between the acetabulum of os coxa and the head of femur which are 
usually found intact bone and preserved a long period of time2,3). Sexual 

dimorphism in the hip joint can estimate sex because it supports the 
weight of the body, including hormones which relates to size of bones. 
Most commonly, in female os coxa is smaller size than male which used 
to determine the sex of an individual. Previous studies have reported 
results that the high percentage accuracies of the hip joint for distin-
guishing the sexes. Nagesh et al.1) revealed that the acetabulum-pubis 
index could be identified 81% of females and 83% of males accurately 
in South-Indian population. In a study of Greek population, Papaloucas 
et al.3) found that the diameter of femoral head and the ratio of the dis-
tance from pubic tubercle to acetabulum rim over the acetabulum diam-
eter could be identified 95% and 99% correct accuracies in sex determi-
nation. Osteometric sex estimation from the hip joint has not been con-
ducted using a Thai population. Therefore, the main aim of the present 
study was to investigate sexual dimorphism of the hip joint, and to con-
struct the equations that are suitable for sex estimation in a Thai popula-
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tion. It can be utilized in forensic anthropology and forensic context in 
Thailand.

MATERIALS  AND  METHODS

The study sample consists of 200 Thai skeletons of known sex, and 
age at death for 100 males and 100 females from the Forensic Osteology 
Research Center (FORC), Faculty of Medicine, Chiang Mai University. 
The age range was from 26 to 94 years for males and females. The aver-
age age was 66 years for both sexes. The fracture, trauma, or pathology 
of the hip joints were excluded from the present study.

Four measurements of the hip joint using digital vernier caliper. 
Each measurement was taken three times non-consecutively, and record-
ed the mean of three times of each measurement for each individual. 
Descriptions of four measurements are presented as follows:

1) The distance from the highest point on the pubic tubercle to the 
nearest anterior rim on the acetabulum: PT-A

2) The maximum diameter of the acetabulum between the anterior 
rim and the posterior rim on the acetabulum: AD

3) The depth of the acetabulum: DA 
4) The maximum diameter of the femoral head between the superior 

edge of the articular surface and the inferior edge of the same 
surface: FHD

The PT-A, AD, FHD measurements were adapted from Papaloucas 

et al.3) and Schulter-Ellis et al.4) The DA measurement was described in 
Chauhan et al.5)

The values from these measurements were calculated to the ratio of 
the distance from the pubic tubercle to the anterior rim on the acetabu-
lum to the acetabular diameter (PT-A/AD), the ratio of the acetabular 
depth to the acetabular diameter (DA/AD), and the ratio of the femoral 
head diameter to the acetabular diameter (FHD/AD). 

Test some variables in the high accuracy equations for sex estima-
tion from a sample of 5 males and 5 females which did not include on 
the reference sample of 200 skeletons from the Forensic Osteology 
Research Center (FORC), Faculty of Medicine, Chiang Mai University. 

All data were analyzed using SPSS (Statistical Package for the 
Social Sciences) Version 20. Descriptive statistics with means, mini-
mum, maximum, and standard deviations were provided for age and hip 
joint measurements by sex. Using Student's t-test compared the means 
between male and female for each measurement.

Discriminant function analysis was performed to calculate the func-
tion formula for all variables by using the direct method and the step-
wise method. The accuracies of sex estimation were analyzed by 
cross-validation with using a "leave-one-out classification" method.

RESULTS 

Descriptive statistics for age of all individuals showed no signi?cant 
difference for both sexes. For the four measurements and the three ratios 
of the hip joint are shown in Table 1. The results revealed that all the 

Table 1. Descriptive statistic and t-test values between male and female for four measurements and the three ratios 
of the left and right hip joints.

Variable Left Right

(mm) Male Female T p-value Male Female T p-value

PT-A
Mean 48.16 46.21 4.39 < 0.001 48.19 46.40 4.17 < 0.001
SD 3.58 2.62   3.51 2.45
Min-Max 40.09-57.95 40.57-50.90   40.95-58.82 41.25-50.59

AD
Mean 55.10 48.16 21.53 < 0.001 55.27 48.00 23.16 < 0.001
SD 2.68 1.80   2.61 1.73 
Min-Max 51.15-62.10 43.46-50.84   51.19-61.63 44.57-50.93

DA 
Mean 24.82 22.88 6.04 < 0.001 25.06 22.70 7.33 < 0.001
SD 2.38 2.16   2.35 2.16
Min-Max  20.05-31.12 18.99-27.96  19.43-30.81 18.83-27.74

FHD 
Mean 42.89 34.79 33.57 < 0.001 42.58 34.93 32.74 < 0.001
SD 1.76 1.65   1.67 1.63
Min-Max 40.06-47.59 31.17-38.13   40.06-47.24 31.32-37.92

FHD 
Mean 42.89 34.79 33.57 < 0.001 42.58 34.93 32.74 < 0.001
SD 1.76 1.65   1.67 1.63
Min-Max 40.06-47.59 31.17-38.13   40.06-47.24 31.32-37.92

PT-A/AD 
Mean 0.88 0.96 -9.99 < 0.001 0.87 0.97 -11.66 < 0.001
SD 0.07 0.05   0.06 0.05
Min-Max 0.72-1.02 0.83-1.04   0.74-1.02 0.85-1.06

DA/AD 
Mean 0.45 0.47 -4.23 < 0.001 0.45 0.47 -3.21 < 0.001
SD 0.04 0.04   0.04 0.04
Min-Max 0.38-0.53 0.40-0.56   0.37-0.53 0.38-0.56

FHD/AD 
Mean 0.78 0.72 15.00 < 0.001 0.77 0.73 11.57 < 0.001
SD 0.03 0.03   0.03 0.02
Min-Max 0.71-0.85 0.67-0.78   0.72-0.84 0.67-0.79
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measurements, including the ratios were significant differences (P < 
0.05) between males and females. Regarding the maximum values of 
FHD in female were 38.13 and 37.92 mm on both the left and right 
sides, respectively, while in male for FHD measurement, the minimum 
value showed 40.06 mm on both sides. Therefore, FHD could determine 
between male and female. This measurement should not include other 
variables to generate all equations for sex estimation. 

The result of discriminant analysis for direct method using three 
variables and two ratios except FHD measurement is reported in Table 
2. The AD on both sides was the only one measurement of hip joint to 
classify individuals by sex. The equations derived from left and right of 
AD as follow:

 Y = 0.439 (ADL) - 22.651 
 Y = 0.451 (ADR) - 23.274

A discriminant score more than 0 classified male and less than 0 
classified female. The accuracy of percentages for sex estimation from 
AD were 96.5% on the left side, and 96.0% on the right side.

A stepwise method was performed by using variables from three 
groups: (i) variables of acetabulum on the left side (ii) variables of ace-
tabulum on the right side and (iii) all variables of acetabulum on both 
sides. The result of stepwise discriminant function analysis are present-
ed in Table 3. Variables from the right side (Equation II) showed the 
highest accuracy of 99.0% with the selection of PT-AR, ADR, and PT-A/
ADR. An accuracy of correct sex classification was 98.5% with the 
selection of ADR, and PT-A/ADL (Equation III). ADL was the only one 
variable from all variables of the left side was selected (Equation I). The 
percent accuracy obtained from this function was 96.5%. Sectioning 

point of three equations are 0. The result showed the higher than sec-
tioning point was classified as male in the equation I and III. For the 
equation II, the value higher than sectioning point was classified as 
female. 

In the present study, blind tests of the three equations were obtained 
from stepwise discriminant analysis which were carried out on a known-
sex from a sample of 5 males and 5 females. The percentage accuracies 
for sex estimation were 90.0% on the equation I, and 100.0% on the 
equation II and III.

DISCUSSION  AND  CONCLUSION

Sexual dimorphism in the hip joint can estimate sex because it sup-
ports the weight of the body which relates to size of bones. Males are 
generally larger and more robust than females, including physiological 
hormonal which relate to sexual dimorphism3,6,7). The percentage accura-
cies of sex determination from the hip joint in the current study com-
pared with the study of Papaloucas et al.3) in the Greek population are 
provided in Table 4. They showed that the accuracies from the AD and 
FHD measurements were high predicted accuracy in modern Thai and 
Greek populations. Many previous studies have reported the femoral 
head diameter measurement can estimate sex with high a percentage of 
accuracy. Schulter-Ellis et al.4) found that the percent accuracy of the 
greatest femur head diameter was 97% correctly identified sex in white 
skeletons. In a study of French skeletons, Alunni et al.8) reported the 
vertical femoral head diameter that produced 94.8% of accuracy for sex 
estimation. In a study of skeletons from the collection in Southern 

Table 2. Discriminant function for the direct method. 
 Variable  Eigen- Canonical Wilks' P - % of
  Equation Value correlation Lambda value Corrected
       classification

 PT-A
 Y = 0.319 (PT-AL) - 15.045 0.097 0.298 0.911 0.000 60.0

  Y = 0.331 (PT-AR) - 15.633 0.088 0.284 0.919 0.000 60.0

 AD
 Y = 0.439 (ADL) - 22.651 2.340 0.837 0.299 0.000 96.5

  Y = 0.451 (ADR) - 23.274 2.709 0.855 0.270 0.000 96.0

 DA
 Y = 0.441 (DAL) - 10.507 0.185 0.395 0.844 0.000 66.5

  Y = 0.443 (DAR) - 10.571 0.271 0.462 0.786 0.000 72.0

 PT-A/AD
 Y = 16.719 (PT-A/ADL) - 15.345 0.504 0.579 0.665 0.000 77.0

  Y = 17.474 (PT-A/ADR) - 16.080 0.687 0.638 0.593 0.000 79.0

 DA/AD
 Y = 24.900 (DA/ADL) - 11.511 0.090 0.288 0.917 0.000 57.5

  Y = 24.384 (DA/ADR) - 11.287 0.052 0.222 0.951 0.000 58.0

Table 3. Discriminant function for the stepwise method.
 

Equation
 Eigen Canonical Wilks' 

P-value
 % of corrected

  Value correlation Lambda  Classification

Y = 0.439 (ADL) - 22.651 2.340 0.837 0.299 0.000 96.5

Y = -0.891 (PT-AR) + 0.392 (ADR) + 
 3.075 0.869 0.245 0.000 99.0

50.275 (PT-A/ADR) -24.347

Y = 0.419 (ADR) - 3.635 (PT-A/ADL) - 18.297 2.837 0.860 0.261 0.000 98.5

Table 4. Comparison of average value (mm) of various measurements between the 
current study and the Greek population.

 Variable Current study in modern Thai Papaloucas et al.3) in Greeks

  Male Female Accuracy(%) Male Female Accuracy(%)

 PT-A 48.18 46.30 60 50.90 53.6 60
 AD 55.18 48.08 96 55.70 49.10 87
 DA 24.94 22.79 69 24.20 20.40 85
 FHD 42.74 34.86 100 48.50 41.60 95
 PT-A/AD 0.88 0.96 78 0.91 1.09 99
 DA/AD 0.45 0.47 58 - - -
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Spain, Djorojevic et al.7) also found that the femoral head diameter 
could correctly classify 89.8 % for sex prediction. Regarding the mea-
surement of acetabulum diameter of this study, the results found that the 
AD was the best single predictor from discriminant equation that pro-
duced the high accuracy at 96.5% and 96.0% on both the left and the 
right sides, respectively (Table 2). These results were consistent in a 
study of prehistoric New Zealand Polynesian skeletons, Murphy2) 
reported the maximum diameter of the acetabulum produced accuracies 
ranging from 85.2% to 86.2%. Papaloucas et al.3) also found that the 
PT-A/AD was the best reliable variable for sex estimation which provid-
ed 99% accuracy, while the accuracies of the PT-A/AD obtained were 
78% from a modern Thai skeletal samples (Table 4). In addition, the 
averages of hip joint size in Thai male and female skeletons for each 
dimension were smaller than the Greek population except the depth of 
the acetabulum (Table 4). These difference in findings may be explained 
by variation between populations. Different geographic populations can 
exhibit somewhat variable in size of the hip joint. This variability may 
be due to factors such as geographical, genetic, nutrition, physical activ-
ity, and environment9,10). Regression analysis is a useful alternative tool 
for the estimation of sex. It is simple to use in forensic investigations. 
Many factors can affect the sex dimorphism in different population. For 
this reason, sex determination methods must be based on a model suit-
able to the specific population to which the regression equation will be 
applied. 

The current study used the stepwise discriminant function analysis 
for sex determination by using variables of acetabulum from each side 
and both sides (Table 3). It was believed that a combination of sex indi-
cator variables might improve the accuracy of sex estimation. The 
results of this study showed that all equations gave ranged from 96.5% 
to 99.0% accuracy of both sexes were correctly classified. These results 
were consistent with Djorojevic et al.7) that using the triangle measure-
ments (Purkait triangle method; intertrochanteric apex distance) were 
combined the femoral head diameter and femoral neck diameter, the 
percentage accuracy increase to 94.6 % for sex prediction.

CONCLUSION

In conclusion, the hip joint has the potential to provide sex indicator 

with fragmented skeletal remains. The FHD and AD measurements 
could be used effectively for single variable for sex determination. The 
combination of multiple sex variables led to a higher accuracy. The 
equations obtained from the current study could be applied to estimate 
sex in the field of forensic medicine and in the general medical profes-
sion among Thais.
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