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INTRODUCTION

The hip bone also known as innominate bone, pelvic bone, 
or coxal bone is composed of  three smaller bones – ilium, 
ischium, and pubis. Acetabulum (cotyloid cavity) (Latin 
Acetabulum  -  shallow vinegar cup) is an approximately 
hemispherical cavity on the lateral aspect of  the hip bone, 
facing anteroinferiorly and is directed laterally, downward 
and forward. It is surrounded by an irregular margin and is 
deficient inferiorly at the acetabular notch. The acetabular 
fossa which forms the central floor is rough and non-articular.1 
The fossa is devoid of  cartilage and contains fibroelastic fat 

which is covered by synovial membrane. The acetabular depth 
is increased by a fibrocartilaginous rim, the acetabular labrum 
attached to the acetabular margin. The labrum deepens the 
cup and bridges the acetabular notch forming the transverse 
acetabular ligament. The sides of  the cup present a horse shoe 
shaped (lunate) articular surface which is widest superiorly 
(the “dome”), where weight is transmitted to the femur in 
the erect attitude. All the three innominate elements of  hip 
bone contribute to the formation of  acetabulum in humans 
but not in equal proportions. Ischium forms the lower and 
side boundaries to the acetabulum. Ilium forms the upper 
boundary and the rest is formed by the pubis.2
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Acetabulum is not always of  the same shape, size, or depth. 
Any deviations of  the parameters from normal range have 
strong correlation with the development of  various kinds 
of  pathologies related to acetabulum.

The anatomy of  the acetabulum of  hip bone, in recent years 
has received the much deserved attention because of  the 
importance of  early treatment of  congenital dislocation 
of  hip joint and advent of  arthroplasty procedures. 
The knowledge of  normal anatomical features and the 
morphometry of  the acetabulum are prerequisites for 
complete understanding of  the mechanics of  hip joint. 
The diameter, depth, and volume of  the acetabulum are 
important in the surgical treatment of  acetabular fractures 
and hip arthroplasty. Hip replacement surgeries are 
commonly done these days. Most common complications 
include prosthetic loosening and geometric discrepancies 
between the natural acetabulum and the implant.3

Precise size and measurement of  acetabulum are useful in 
total or hemi arthroplasty to plan the size of  prosthesis. The 
knowledge of  range of  various acetabular parameters may 
be of  great help for prosthetists, radiologists, orthopedicians, 
and clinicians for better understanding of  the hip joint 
and preparing suitable size of  prosthesis, thus preventing 
complications such as prosthetic loosening or dislocation.4

Aims and objectives
The present study was undertaken to measure certain 
morphometrical parameters of  acetabulum in dry human 
hip bones of  South Indian population. The values are then 
compared based on gender and laterality and conclusions 
are drawn through statistical analysis.

The morphometrical parameters measured are
a)	 Transverse diameter of  acetabulum
b)	 Acetabular height
c)	 Acetabular depth
d)	 Acetabular volume
e)	 Distance from pubic tubercle to anterior rim of  

acetabulum
f)	 Ratio between distance from pubic tubercle to anterior 

rim of  acetabulum and acetabular height.

MATERIALS AND METHODS

This study was conducted in department of  Anatomy, 
Yenepoya Medical College, Mangalore. Hip bones of  both 
sides were included in the study. Of  the 200 bones studied, 
116 belonged to right side (58%) and 84 belonged to left 
side (42%). Among 84 left-sided hip bones, 52 were male 
and 32 were female hip bones. Among 116 right-sided 
bones, 58 were male and 58 were female hip bones.

All the hip bones selected were dry, complete and 
showed normal anatomical features. Specimens showing 
osteoarthritic changes, evidence of  any previous trauma 
or skeletal disorders, presence of  any prosthesis and 
pediatric-sized bones were excluded from the study. 
Various parameters of  the acetabulum were measured. 
The measurements were taken using sliding Vernier 
Calipers, graduated scale, ceramic powder, and a graduated 
measuring cylinder.

Three readings were taken for each parameter at different 
times and the average was recorded. All measurements were 
carried out with the same instrument throughout the study.

Side determination and determination of  gender were done 
based on the following features:

Side determination
1.	 The acetabulum is directed laterally
2.	 Ilium forms upper part of  the bone that lies above the 

acetabulum
3.	 The obturator foramen lies below the acetabulum.

Determination of gender
•	 Male hip bones showed prominent muscular markings, 

thick and everted ischio-pubic rami, large acetabular 
cavity, large and oval obturator foramen, and scarcely 
visible pre-auricular sulcus.

•	 Female hip bones showed less prominent muscular 
markings, thin and inverted ischio pubic rami, 
small acetabular cavity, triangular obturator 
foramen, and predominantly visible pre-auricular 
sulcus.

Transverse diameter
It was measured using the vernier caliper as the maximum 
anteroposterior transverse distance between the margins 
of  acetabular cavity (Figure 1).

Acetabular height
It was measured as the vertical diameter of  the acetabulum 
measured along its axis keeping the bone in anatomical 
position. The measurement was taken using vernier caliper 
(Figure 2).

Acetabular depth
It was taken as the maximum vertical distance from 
the brim of  the acetabulum to the deepest point in the 
acetabular cavity and was measured using vernier calipers. 
A  thin metallic strip was placed across the brim of  the 
acetabular cavity and then the distance from the metallic 
strip to the depth of  the acetabulum was measured using 
a vernier caliper (Figure 3).
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Volume
It was considered as the capacity of  the acetabular 
cavity. The acetabular notch was plugged using a small 

Figure 4: (a and b) Measurement of acetabular volume

cardboard piece and the acetabular cavity was filled with 
the ceramic powder. The powder was then transferred 
into a graduated measuring cylinder and the volume was 
recorded (Figure 4).

The distance from pubic tubercle to anterior rim of 
acetabulum
It was measured using the vernier caliper from the pubic 
tubercle to the most prominent point on the anterior rim 
of  acetabulum (Figure 5).

Ratio between distance from the pubic tubercle to 
anterior rim of acetabulum and acetabular height
It was calculated for each hip bone.

Range, mean, standard deviation, and standard error of  
mean were determined for each parameter. P value was 
also calculated to compare the parameters.

RESULTS

Of  the 200 bones measured, 116 belonged to right 
side (58%) and 84 belonged to left side (42%). (Table 1 
and Chart 1). An attempt was made to compare the 
morphometrical parameters of  acetabulum sidewise 
using independent t-test. Independent t-test, also 

Figure 1: Measurement of transverse diameter of acetabulum

Figure 3: Measurement of acetabular depth

Figure 2: Measurement of acetabular height

Figure 5: Measurement of distance from pubic tubercle to anterior 
acetabular rim

ba
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known as the two Sample t-test or Student’s t-test, is 
an inferential statistical test that determines whether 
there is a statistically significant difference between the 
means in two unrelated groups. It compares the means 
between two unrelated groups on the same continuous 
dependent variable. Unrelated groups or independent 
groups are groups in which the cases in each group 
are different. P value indicates the significance value 
of  the test.

Table  2 shows the side-wise comparison of  the 
morphometrical parameters. The maximum value, 
minimum value, mean, standard deviation, median and 
standard error of  mean were calculated for each parameter. 
P  value was also calculated to compare the parameters 
side wise.

The independent T test was done and the P value was 
calculated for each parameter. Acetabular volume showed a 
significant difference between left- and right-sided bones. All 
the other parameters are non-significant in terms of  laterality. 
Therefore, the table shows that there is no much significant 
difference in the parameters between right and left hip bones 
except for acetabular volume (Table 2 and Diagram 1).

Table 3 shows the frequency and percentage of  distribution 
of  males and females in both right side and left sided bones.

Among 84 left-sided hip bones, 52 were male bones and 
32 were female bones. Among 116 right sided bones, 58 
were male and 58 were female bones (Table 3).

A comparative study was done between the genders in 
right-sided bones and also in left-sided bones. Table  4 
shows the comparison of  the morphometrical parameters 
between males and females of  both right-sided and left-
sided bones. The maximum value, minimum value, mean, 
standard deviation, median, and standard error of  mean 
were calculated for each parameter. P  value was also 
calculated to compare the parameters.

The independent T test was done and the P value was 
calculated for each parameter. All the parameters showed 
significant difference between male and female hip bones 

Table 1: Frequency and percentage of 
distribution of the sample in terms of laterality
Entity Frequency Percentage of distribution
Left 84 42.0
Right 116 58.0
Total 200 100.0

Chart 1: Percentage of distribution of the sample in terms of laterality

Table 2: Comparison of the morphometrical parameters in terms of laterality
Parameters Side Number Minimum 

value
Maximum 

value
Mean Standard 

deviation
Median Standard 

error of 
mean

t test 
value

P value

Transverse 
diameter of 
acetabulum

Left 84 38 56 47.70 3.779 48.00 0.412 1.059 0.291
Right 116 38 56 47.14 3.676 47.00 0.341 NS

Acetabular height Left 84 42 58 49.65 3.579 49.50 0.390 0.049 0.961
Right 116 41 62 49.63 3.675 50.00 0.341 NS

Acetabular depth Left 84 19 38 25.71 3.747 25.00 0.409 0.595 0.552
Right 116 18 34 25.41 3.352 25.00 0.311 NS

Acetabular 
Volume

Left 84 10 45 23.96 6.083 23.50 0.664 2.436 0.016
Right 116 11 42 22.04 5.045 21.50 0.468 Sig

Distance from 
PT‑anterior rim of 
acetabulum

Left 84 43 76 53.57 6.110 53.00 0.667 0.259 0.796
Right 116 42 64 53.38 4.397 53.00 0.408 NS

Ratio between 
distance from 
PT‑ anterior rim of 
acetabulum and 
acetabular height

Left 84 0.82 1.46 1.0818 0.12338 1.0600 0.01346 0.149 0.882
Right 116 0.85 1.33 1.0795 0.09526 1.0800 0.00884 NS
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Diagram 1: Comparison of the morphometrical parameters of 
acetabulum in terms of laterality

in both right side and left side except for acetabular depth. 
No significant difference was obtained in case of  acetabular 
depth between males and females of  both right side and 
left side. Furthermore, ratio between distance from pubic 
tubercle to anterior rim of  acetabulum and acetabular 
height showed no significant difference between male and 
female bones of  the right side (Table 4).

DISCUSSION

The advantage of  studying bones of  human remains is 
that they are very resistant to time and their features can 
be observed and measured even long after the death of  
the individual. Hip joint is one of  the major joints of  the 
body. Although it is described as a ball and socket variety 
of  synovial joint, Menschik5 describes it as a rotational 
conchoid. Knowledge of  the anatomical parameters of  the 
bony components of  hip joint is very essential as it will open 
new horizons into better understanding of  etiopathogenesis 
of  diseases such as osteoarthritis of  hip joint.

As total and partial hip replacements are common surgeries 
performed these days, knowledge of  the dimensions of  
acetabulum will assist prosthetists to construct suitable 
prosthesis for Indian population. The largest hip failure 
occurs from prosthetic loosening. It can be either due to an 

originally weak interface or because the cemented interface 
is not strong enough to bear the loads.6

As race, clime, heredity, and geographical areas have strong 
influence over the anthropometric parameters of  bone, the 
present study was undertaken to note the morphological and 
the morphometrical parameters of  acetabulum in south Indian 
cadaveric hip bones. Not many works has been done in Indian 
population. The implant devices and prosthesis designed for 
Western skeleton are larger in size, angles, orientations, and 
thread length exhibiting mismatches when the same is used 
in Indian skeletons. To avoid this problem, the surgeons fit 
the prosthesis or implants by removing more bone which 
decreases bone density, increasing the risk of  intra operative 
fractures and post-operative complications. Implants that 
are designed by taking into account anthropometric and bio 
mechanic data will help in designing patient specific implants 
thereby minimizing these complications. Proper positioning 
of  the components and good soft-tissue repair is the key to 
the success of  arthroplasty surgery. Therefore, the present 
study would have great anthropological, forensic, and clinical 
significance.7

In the present study, 200 bones were studied of  which 116 
belonged to the right side and 84 belonged to the left side. 
Among 84 left-sided hip bones, 52 were male bones and 
32 were female bones. Among 116 right-sided bones, 58 
were male and 58 were female bones. The morphometrical 
parameters were statistically analyzed. Independent t test 
were applied for the morphometrical parameters and p 
value was calculated. According to the study, the parameters 
showed no significant difference in terms of  laterality 
except for acetabular volume which showed significant 
difference between right- and left-sided bones. The study 
was also done among male and female bones of  both right 
side and left side. Significant results were obtained in both 
right side and left side except for acetabular depth. The 
ratio between distance from pubic tubercle to anterior rim 
of  acetabulum and acetabular height showed significant 
difference only on the left side.

In the present study, the acetabular diameter was measured 
and compared with the findings of  the previous studies. 
The mean diameter of  acetabulum in the present study 
is 47.14 mm on the right side and 47.70 mm on the left 
side. The values obtained in the present study are similar 
to the values obtained by Chauhan et al.8 and Vyas et al.9 
The values obtained from studies done by Dhindsa10 and 
Ukoha et al.,11 are comparatively higher than the values 
from present study. The diameter of  the acetabular cavity 
is constricted by the labral rim, which embraces the femoral 
head, maintaining joint stability both as a static restraint 
and by providing proprioceptive information (Table 5).

Table 3: Frequency and percentage of 
distribution of males and females in both 
right‑sided and left‑sided bones
Side of 
hip bone

Gender Total
Male Female

Laterality
Left 52 (61.9%) 32 (38.1%) 84 (100%)
Right 58 (50%) 58 (50%) 116 (100%)

Total 110 (55%) 90 (45%) 200 (100%)
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Table 6: Comparison of height of acetabulum in 
the present study with the past studies
Authors Year Acetabular height 

(mm)
Aksu et al.4 2006 54.29
Mukhopadhyay and Barooah14 2012 50.30
Parmara et al.13 2013 49.23
Present study 2015 49.64

Table 5: Comparison of transverse diameter of 
acetabulum in the present study with the past 
studies
Authors Year Mean diameter of 

acetabulum (mm)
Right Left

Lander12 1918 57 56
Mukhopadhyay and Barooah14 1967 45.7 45.9
Chauhan et al. (in male bones)8 2002 47.1 47.5
Chauhan et al. (in female bones)8 2002 44.4 46
Dhindsa10 2013 51.3 50.3
Vyas et al.9 2013 48.3 47.9
Ukoha et al.11 2014 53.9 53.2
Present study 2015 47.14 47.70

Table 4: Comparison of the morphometrical parameters between genders in both right‑sided and 
left‑sided bones
Parameters Side Sex Number Minimum 

value
Maximum 

value
Mean Standard 

deviation
Median Standard 

error of 
mean

t test 
value

P value

Transverse 
diameter of 
acetabulum

Left Male 52 42 56 48.94 3.578 49.00 0.496 4.200 0.000
Female 32 38 51 45.69 3.227 45.00 0.571 HS
Total 84 38 56 47.70 3.779 48.00 0.412

Right Male 58 41 56 48.57 3.569 49.00 0.469 5.364 0.000
Female 58 38 53 45.71 3.217 45.50 0.422 HS
Total 116 38 56 47.14 3.676 47.00 0.341

Acetabular 
height

Left Male 52 44 58 51.08 3.149 51.50 0.437 3.006 0.004
Female 32 42 54 47.34 3.012 47.50 0.532 HS
Total 84 42 58 49.65 3.579 49.50 0.390

Right Male 58 42 62 51.21 3.722 52.00 0.489 3.726 0.000
Female 58 41 55 48.05 2.886 48.00 0.379 HS
Total 116 41 62 49.63 3.675 50.00 0.341

Acetabular 
depth

Left Male 52 20 34 26.63 3.401 26.00 0.472 1.228 0.223
Female 32 19 38 24.22 3.850 24.00 0.681 NS
Total 84 19 38 25.71 3.747 25.00 0.409

Right Male 58 18 34 26.14 3.415 25.50 0.448 1.891 0.062
Female 58 18 32 24.69 3.152 24.00 0.414 NS
Total 116 18 34 25.41 3.352 25.00 0.311

Acetabular 
volume

Left Male 52 16 45 25.77 5.893 25.00 0.817 4.536 0.000
Female 32 10 35 21.03 5.252 20.00 0.928 HS
Total 84 10 45 23.96 6.083 23.50 0.664

Right Male 58 14 42 24.26 5.028 24.00 0.660 5.102 0.000
Female 58 11 29 19.83 4.009 20.00 0.526 HS
Total 116 11 42 22.04 5.045 21.50 0.468

Distance 
from 
PT‑anterior 
rim of 
acetabulum

Left Male 52 43 76 54.21 6.515 53.50 0.903 2.373 0.019
Female 32 43 70 52.53 5.322 51.00 0.941 SIG
Total 84 43 76 53.57 6.110 53.00 0.667

Right Male 58 46 64 54.67 4.240 54.00 0.557 5.247 0.000
Female 58 42 60 52.09 4.198 52.00 0.551 HS
Total 116 42 64 53.38 4.397 53.00 0.408

Ratio 
between 
distance 
from PT‑ 
anterior 
rim of 
acetabulum 
and 
acetabular 
height

Left Male 52 0.82 1.36 1.0621 0.11361 1.0400 0.01575 3.301 0.001
Female 32 0.83 1.46 1.1138 0.13348 1.0900 0.02360 HS
Total 84 0.82 1.46 1.0818 0.12338 1.0600 0.01346

Right Male 58 0.85 1.33 1.0714 0.10126 1.0600 0.01330 0.916 0.362
Female 58 0.92 1.28 1.0876 0.08900 1.0800 0.01169 NS
Total 116 0.85 1.33 1.0795 0.09526 1.0800 0.00884

In the present study, the acetabular height was measured and 
compared with the findings of  the past studies. The mean 

acetabular height in the present study is 49.64 mm which is in 
close accordance with the study done by Parmara et al.13 and 
Mukhopadhyay and Barooah.14 The mean value of the acetabular 
height is slightly higher in the study done by Aksu et al.4 (Table 6).

In the present study, the acetabular depth was measured 
and compared with the findings of  the past studies. In 
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Table 8: Comparison of volume of acetabulum in 
the present study with the past studies
Authors Year Mean volume of 

acetabulum (in ml)
Tan et al.17 2001 31.5
Chung et al.18 2008 14.2
Dhindsa10 2013 35.12
Khobragade and 
Vatsalaswamy19

2014 20.74

Present study 2015 22.85

Table 7: Comparison of the depth of acetabulum 
in the present study with the past studies
Authors Year Range of acetabular depth
Chauhan et al.8 2002 23–34 mm
Aksu et al.4 2006 22.6–38.6 mm
Dhindsa10 2013 20–32 mm
Vyas et al.9 2013 19.6–32.2 mm
Parmara et al.13 2013 19.07–32.13 mm
Rajkumar et al.15 2014 13–38 mm
Ukoha et al.11 2014 21.7–35.7 mm
Devi and Chandra16 2014 21.8–34.6 mm
Present study 2015 18–38 mm

significant difference among male and female bones of  
both right and left sides.

The ratio between the distance from pubic tubercle to anterior 
acetabular rim and acetabular height was also calculated in 
the present study. It showed significant difference between 
male and female hip bones of  the left side.

Limitations of the study
However, it should be kept in mind that the present study 
and the previous studies have included small number 
of  hip bones and though the results showed significant 
differences, it is worthwhile to perform a similar further 
study with a large number of  bones from different age 
periods and from diverse population of  India.

CONCLUSION

The overall goal of  this study was to generate data that 
would be useful to the orthopedicians for geometric 
modeling. The study would also help the forensic experts in 
specimen identification and sex determination from skeletal 
remains. It would also be valuable for the anthropologists 
in their racial and population studies.

More studies are to be conducted in this field, as knowledge 
about these differences may prove great use in the 
management of  orthopedic hip conditions and defines 
the prognosis in hip replacement as well as correction 
procedures. The present study was undertaken to prevent 
problems following surgical procedures such as acetabular 
reconstruction and femoroacetabular impingement. The 
results of  this study would be definitely useful in the 
selection of  patients for prosthesis and preoperative 
planning for total hip replacement surgery and also in 
various fields of  orthopedics and general surgery in Indian 
population. It would be also useful in the fields of  anatomy, 
osteology, and anthropology.
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