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ANATOMY

Geometric Analysis of the Greater Sciatic Notch for Sex 
Determination in a Thai Population

Pittayarat Intasuwan1),  Patison Palee2),  Apichart Sinthubua1),  Tohno Y1),   
Pasuk Mahakkanukrauh1,3,4)

ABSTRACT 
Objective: The sex determination was made from the greater sciatic notch of the hip bone by a geometric morphometric 

method in a Thai population. The present study aimed to make models of male and female greater sciatic notches for consultants 
in the future. 

Materials and Methods: The sample was composed of 200 adult os coxae (100 males and 100 females) with known sex and age 
at death. The ages at death of the samples were between 28 and 99 years (average age, 64.37), selected from the Forensic 
Osteology Research Center (FORC), Faculty of Medicine, Chiang Mai University. The sample was complete bone. The method 
was geometric morphometric which used a 2D photograph for analyzing the shapes of male and female greater sciatic notch by a 
tps. program. Two models of the greater sciatic notch were tested to determine the sex from ten blind cases and an intra-inter 
observer agreement test. 

Results: With the shape of each greater sciatic notch, the sex was correctly determined in 70% of the samples by a geometric 
morphometric method; being more accurately determined in male samples (80%) than in female samples (60%). The shape of 
the female greater sciatic notch was wider and more symmetrical compared with males which was narrow, deep, and asymmetri-
cal. Intra-inter observer agreement was obtained with a high correlation. 

Conclusion: The sex determination of the greater sciatic notch by geometric morphometric method can analyze for the sex in 
a Thai population at moderate accuracy, so this method trends to continue in future studies to develop a program for moderate-
ly accurate sex determination.
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INTRODUCTION 

Human bones are a principal component of the musculoskeletal sys-
tem, movement of the body and a science of anatomy such as study, 
medicine, and forensic medicine for the identification. Identification of 
people who died in a disaster incident or crime cases utilizing human 
bones is helpful. If the body of a deceased person is incomplete or lacer-
ated, therefore the identification must be made based on genetic infor-
mation and the skeletal human knowledge. As genetic material can 
degenerate with time, the skeletal human knowledge must be used for 
the identification. Skeletal identification is the first method because of 
simple, inexpensive and requires less time. Some cases, which are asso-
ciated with legalities, must use genetic examinations for comparison 
with information from bones to derive precise identification. So, the 
identification from a bone is an important process in the forensic sci-
ence. Biological identification consists of post mortality data and per-
sonal identification which called pre-mortal data. A biological identifi-

cation must be performed first for identification consisting of the fol-
lowing four standard characteristics including sex, age at death, stature, 
and ancestry. Parts of personal identification are congenital, trauma, 
tumor, infection, inflammation, degeneration, and pathology. Sex 
assessment is the first step of biological identification followed by age, 
stature, and race assessment, respectively1). In the past, many studies for 
the sex determination included the sacrum2), pelvis3), skull4), scapula5) 
and vertebral column6). The most accurate sex assessment utilizing the 
pelvis, bone was 97%7). In past studies, methods for sex assessment 
were visual8) and morphometric9) in the hip bone such as the subpubic 
angle, greater sciatic notch, obturator foramen and pubic bone shape. 
Fractures or osteophytes occur in the aging hip bone, but the greater sci-
atic notch in the middle area of the hip bone can be the best-preserved 
area. The greater sciatic notch can predict the sex at 87.5%10). So, 
Shamer (1978) studied sex assessment with the greater sciatic notch by 
morphometric method with 100% accuracy11). Sometimes, the visual 
method cannot determine the sex because some bones have a similar 
shape and the morphometric method often has intra-inter observer error. 
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So, a geometric morphometric method is developed for sex determina-
tion. Geometric morphometric methods use 2D photographs, landmarks, 
and semi-landmarks for detecting a difference between the female and 
male hip bones. In 2004, Styen studied about the sex determination of 
the greater sciatic notch by the geometric morphometric method and the 
results indicated that the sex could be determined in the black African 
population only12). Paula, 2007 utilized this method and the accuracy 
was 91.5%13). The usefulness of this method is simple and low cost. It is 
approximately used for distance consultant. Although this method was a 
useful tool for the sex determination, it has not yet been applied to the 
development of techniques for sex estimation. The study aims to devel-
op a method for the sex determination with the greater sciatic notch was 
analyzed by a geometric morphometric and discriminant analysis statis-
tic methods for the distance consultation in a Thai population. 

MATERIALS  AND  METHODS 

The samples were composed of 200 adult os coxa of known sex and 
age at death and were selected from the Forensic Osteology Research 
Center (FORC), Faculty of Medicine, Chiang Mai University. The sam-
ples were the left os coxa consisting of 100 Thai males and 100 Thai 
females. The sample was completed without injury. Incomplete, frac-
tured, osteophytes or pathological bones were excluded from this 
research. The ages at death of sample ranged between 29-94 years with 
a mean age of 63.83 years for males and between 28-99 years with a 
mean age of 64.92 years for females. For the geometric analysis 2D 
photographs of each left hip bone were taken with a digital camera 
(Sony α57). We used auto focus mode and iso 3200 for taking the pho-
tographs. In this study we chose two structures to describe landmarks 
and semi-landmarks which derived from the photos. All bones were on a 
black flannel cloth background. Each auricular surface of the left hip 
bone was turned upward. We stretched a black thread parallel to a ruler 
near the bone. We placed each bone parallel to a ruler and overlapped on 

a black flannel. We used two landmarks of the greater sciatic notch, 
which were the posterior superior iliac spine (PSIS) and end of the less-
er sciatic notch, overlapped on a black flannel. It made each bone paral-
lel to a ruler in all images. We took photos with a top view. Each left hip 
bone was taken with the camera lens at 820 mm from the bone and were 
placed in the same position for photography in Figure 1. The tspUtil32 
program was used for changing picture files from the jpeg to tps. file. 
Then, the tpsDig232 program was used for setting landmarks and 
semi-landmarks at the greater sciatic notch area adapted from Paula, 
200814). Two landmarks were placed on two points on the anatomical 
landmarks and 23 semi-landmarks were placed on the greater sciatic 
notch. Landmark 1 was placed at the tip of the piriform tubercle and 
Landmark 2 was placed at the ischial spine. Twenty-three semi-land-
marks were placed on the greater sciatic notch in Figure 2. The tpsR-
elw32 program then analyzed a relative warp of the greater sciatic notch 
and finally the tpsslinw32 program analyzed the shape of the greater 
sciatic notch (λ = 0). Intra and inter observer errors were evaluated by 
geometric morphometric analysis. Intra and inter observer agreement 
test utilized 30 pictures (15 females and 15 males) for sets of landmarks 
and semi-landmarks to test the high result of intra-inter observer agree-
ment (ICC). The intra and inter - observer correlations (ICCs) used the 
SPSS program. The discriminate analysis with k -- mean clustering was 
used for sex assessment. The first step was choosing the relative contri-
bution points (from the tpsRelw32 program) of each model greater sci-
atic notch landmark which are the best predictors. The next step used a 
k-mean clustering for building the Euclidean distance equation of each 
sex and finally sex determination used blind cases for testing an equa-
tion of each sex.

Figure 1: Each left hip bone was taken with the camera lens at 
820 mm from the bone and were placed in the same 
position for photography

Figure 2: Landmark 1 was placed at the tip of piriform tubercle 
and landmark 2 was placed at the ischial spine. Twenty 
- three semi-landmarks were placed on the greater sci-
atic notch

Figure 3: Shape of the female greater sciatic notch

Figure 4: Shape of the male greater sciatic notch
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Table 2: Intraclass Correlation Coefficient of the female (F) and male (M) greater sciatic notch
Inter - observer agreement of female and male.

 Intraclass  95% Confidence Interval F Test with True Value 0

 Correlationa Lower Bound Upper Bound Value df1 df2 Sig

Single Measures(F)                .580b                   .248                  .790      3.764        24        24        .001

Average Measures(F)                .734c                   .397                  .883      3.764        24        24        .001

Single Measures(M)                .475b                   .107                  .729      2.812        24        24        .007

Average Measures(M)                .644c                   .193                  .843      2.812        24        24        .007

RESULTS 

The result of this study showed the model of the greater sciatic 
notch which was calculated from landmarks and semi-landmarks by a 
tps. program. Figure 3 shows the average shape of the female greater 
sciatic notch including width and symmetry. Figure 4 shows the average 
shape of the male greater sciatic notch with depth and asymmetry. Ten 
left hip bones were chosen for test models. These models could predict 
the sex accuracy at 70%. The intra-observer agreement results (The 
Intraclass Correlation Coefficient) in females and males were 0.717 and 
0.715 (Table 1), respectively. The inter-observer agreement results (The 
Intraclass Correlation Coefficient) in females and males were 0.734 and 
0.644 (Table 2), respectively. 

DISCUSSION 

This study revealed a method for the shape of the greater sciatic 
notch with landmarks and semi-landmarks. The shape of the female 
greater sciatic notch was of width and symmetry, whereas in male was 
of depth and asymmetry. When hip bones were used for testing with a 
model, it was found that the method could classify the sex at 70%. The 
intra inter - observer agreement (ICC) average was 0.791 which was a 
moderate level of a correlation15). In theory, the greater sciatic notch of 
the female is of width and symmetry more than that of the male1). 
Patriquin10) studied the sex determination of the os coxae by a morpholo-
gy method and found that the greater sciatic notch was the best parame-
ter that determined sex classification in the black South African at 
87.5%. In the past, many studies of the sex determination in the os 
coxae were carried out at the greater sciatic notch. Steyn12) studied in the 
shape of the greater sciatic notch by the geometric morphometric meth-
od in the South Africans. The results indicated that the greater sciatic 
notch in the male black South African was narrow, while in white and 
black females were of width but the white male was of width which was 
the same as the female. So, the shape of the greater sciatic notch should 
not be used in sex determination for the white South African. The 
shapes of the greater sciatic notches of males and females were similar 
to this study. Jorge16) compared methods of sex classification by the os 
coxae at the greater sciatic notch in the Mexican population. Methods in 
this study were morphology, angle, and geometric morphometry. The 
geometric morphometry was the best method for sex determination, 
being 82.3% with the same results as in the study of Jana17) who studied 
in the two populations consist of Europian Americans and African 
Americans. The result was successful in sex classification at 92% which 
in this area sex could classify the sex independently in populations, dif-
ferent from the study of Steyn12). The geometric morphometric method 
uses landmarks and semi-landmarks for analyzing a shape that needs to 

be studied. In this study, the greater sciatic notch was a similar area 
which was analyzed by Paula14) who studied the sex estimation of a 
human pelvis and used the tps. program, as suggested by Rohlf17). The 
study at the greater sciatic notch and ischiopubic complex area showed 
that the study of two areas could identify sexes at 90.9-93.4%. This 
study used the Generalized Procrustes analysis and centroid size to ana-
lyze the shape of two parameters. On the other hand, in this study the 
tps. program was used to analyze the shape of the greater sciatic notch 
of each sex only. Then the Euclidean distance equation was used to pre-
dict sex in blind cases by relative contributions of each model utilizing 
the greater sciatic notch landmark. This result was a 70% accuracy and 
the shape of the greater sciatic notch of two studies was similar in males 
and females. In Thai18) sex determination was studied at the greater sci-
atic notch of the os coxa in a Thai population by the morphometric 
method. Table 1. The intraclass Correlation Coefficient of the female (F) 
and male (M) greater sciatic notch Intra Observer Agreement of Female 
and Male 95% Confidence Interval F Test with True Value 0 Intraclass 
Correlation a Lower Bound Upper Bound Value df1 df2 Sig Single 
Measures (F) 0.559b 0.218 0.778 3.532 24 24 0.002 Average Measures 
(F) 0.717c 0.358 0.875 3.532 24 24 0.002 Single Measures (M) 0.556b 
0.214 0.777 3.504 24 24 0.002 Average Measures (M) 0.715c 0.352 
0.874 3.504 24 24 0.002 Table 2. Intraclass Correlation Coefficient of 
the female (F) and male (M) greater sciatic notch Inter Observer 
Agreement of Female and Male. 95% Confidence Interval F Test with 
True Value 0 Intraclass Correlation a Lower Bound Upper Bound Value 
df1 df2 Significance Single Measures (F) 0.580b 0.248 0.790 3.764 24 
24 0.001 Average Measures (F) 0.734c 0.397 0.883 3.764 24 24 0.001 
Single Measures (M) 0.475b 0.107 0.729 2.812 24 24 0.007 Average 
Measures (M) 0.644c 0.193 0.843 2.812 24 24 0.007 4 Intasuwan P. et 
al. results showed that the width and diameter parameters could not 
determine the sex in the greater sciatic notch but the INDEX parameter 
could determine sex. In males, sex could be specified at 77.6%, while in 
females the sex could be specified at 78.8%, but the study by the geo-
metric morphometric method of the os coxae in a Thai population. This 
study is a method for the sex determination by the shape of the greater 
sciatic notch which is accurate at 70%.

CONCLUSION

The ability of the discriminate the sex in the greater sciatic notch 
area by the geometric morphometric method analyzed sex in a Thai pop-
ulation at a moderate accuracy. This method trends to continue in future 
studies for developing a program to a high accuracy of the sex determi-
nation. The geometric morphometric method could be decreasing the 
intra-inter observer errors and decreasing any problems such as some 
cases or bones were the same as the shape which could not classify sex. 
The advantages of this method are to save money and time and to pro-

Table 1: Intraclass Correlation Coefficient of the female (F) and male (M) greater sciatic notch
Intra - observer agreement of female and male.

 Intraclass  95% Confidence Interval F Test with True Value 0

 Correlationa Lower Bound Upper Bound Value df1 df2 Sig

Single Measures (F)                .559b                   .218                  .778      3.532        24        24        .002

Average Measures(F)                .717c                   .358                  .875      3.532        24        24        .002

Single Measures(M)                .556b                   .214                  .777      3.504        24        24        .002

Average Measures(M)                .715c                   .352                  .874      3.504        24        24        .002
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vide distance consulting with an expert. Furthermore, the authors must 
build their programs and develop the appropriate software in the Thai 
population.
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