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Morphologic and Morphometric 
Study of Human Acetabulum 
and its Clinical Significance

INTRODUCTION
The hip bone, a component of pelvic girdle, is a large, irregular bone, 
constricted centrally and expanded above and below. The lateral 
surface of hip bone presents a deep, cup-shaped depression named 
acetabulum, which articulates with the femoral head forming hip joint 
[1]. The acetabulum is formed by the contributions of all the three 
components of hip bone: ilium, ischium and pubis [2]. The hip joint is 
formed by the articulation of acetabulum with head of femur. It was 
previously referred as multiaxial spheroidal type of ball and socket 
synovial joint but now it is described as rotational conchoids [3]. 
The articular surfaces of the head of femur and the acetabulum are 
reciprocally curved but neither co-extensive nor completely congruent 
[1]. The articular surface does not occupy the entire acetabular 
socket but is a C-shaped concavity called as lunate surface, which 
is broadest above where the body weight is transmitted in the erect 
posture [2]. The lunate surface is covered by a thick articular cartilage. 
The central non-articular area in the floor of the acetabulum known as 
acetabular fossa is devoid of cartilage and occupied by a pad of fat [2]. 
The acetabulum is deepened by a fibrocartilaginous rim, acetabular 
labrum which is attached to the peripheral margin of acetabulum [1].

Abnormalities in the acetabulum such as acetabular size, width, depth, 
orientation and the coverage of femoral head results in abnormal 
mechanical behaviour of hip joint which results in hip dysplasia 
[4]. This hip dysplasia produces instability of hip joint causing the 
rapid degeneration of articular cartilage which ultimately ends in 
osteoarthritis [4]. About 25.5% of osteoarthritis of hip joint is caused 
by acetabular dysplasia [5]. The shape of the acetabulum can be 
modified in the prenatal period due to disturbances in its development 

or in the postnatal period due to diseases damaging the cartilage of 
lunar articular surface of the acetabulum [6]. The normal depth of the 
acetabulum is 9 mm and less than that is considered as dysplasia [5]. 
In acetabular dysplasia, roof of the acetabulum is underdeveloped 
and remains vertically oriented and shallowed which results in the 
decreased surface area for weight bearing. This reduced weight 
bearing area receives a much larger force per unit area during walking 
and may result in early degenerative changes [7].

The key for diagnosing acetabular dysplasia is the accurate 
evaluation of quantitative parameters of the acetabulum. Hence, 
the knowledge of morphometric parameters of the acetabulum is 
essential for the radiologists in diagnosing congenital dysplasia of 
hip and for surgeons to identify the correct size of the acetabular 
prosthesis during hip arthroplasty to prevent the complications like 
prosthetic loosening or dislocation [8].

The details about the morphology of anterior acetabular ridge are of 
significance during total hip arthroplasty. Posterior acetabular ridge 
almost always remains similar at most times by forming a simple 
semicircle. But the morphology of anterior acetabular ridge varies, 
and these variations affect the amount of anteversion and may end in 
iliopsoas impingement after arthroplasty, as the prosthesis overlaps 
at the anterior acetabular ridge [9]. The iliopsoas impingement 
syndrome can occur with all implants, but it is reported more often 
in cases where the implant is oversized [10].

Many authors have studied the acetabular dimensions in India and 
worldwide [11-14]. Based on the available literature, there is no 
documented study on the variations in acetabulum conducted in 
the region of Tamil Nadu, India.
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ABSTRACT
Introduction: The acetabulum is a cup shaped hemispherical 
depression which is present on the hip bone, contributed 
by ilium, ischium and pubis. It has a central depressed non-
articular part called acetabular fossa, surrounded by a curved 
lunate articular surface which articulates with the head of femur 
to form hip joint. The knowledge of acetabular dimensions 
assists the radiologists in diagnosing acetabular dysplasia and 
aids the surgeon to determine the correct size of the acetabular 
cup during total hip arthroplasty and to realign the acetabulum 
back to normal position. 

Aim: To measure and analyse the relationship between the depth 
and diameter of acetabulum and also to study the variations in 
the morphology of anterior acetabular ridge.

Materials and Methods: A cross-sectional study was done 
on 104 unpaired dry human adult hip bones from February 
2017 to September 2019 after obtaining ethical clearance. The 
diameter and depth of acetabulum was measured using vernier 
calliper and a metallic strip and correlation between them were 
analysed using Pearson’s test. Student’s t-test was used to 

test the significance between the variables. The p-value <0.05 
were considered as statistically significant. The different shapes 
of anterior acetabular ridge were noted. All the recorded data 
were analysed using Statistical Package for the Social Sciences 
(SPSS version 16.0).

Results: The average measurements of acetabular diameter and 
depth were 48.98±2.91 mm and 24.12±2.54 mm, respectively. A 
positive and a significant correlation was found between diameter 
and depth of the acetabulum (r=0.388, p<0.001). The mean 
values of diameter and depth of acetabulum in right side were 
48.76±2.94 mm and 23.6±2.48 mm, respectively. The average 
values of diameter and depth in left side were 49.2±2.92 mm 
and 24.6±2.59 mm, respectively. Though the measurements of 
acetabular dimensions on left side were slightly greater than right 
side, they were not statistically significant (p>0.05). Four different 
shapes of anterior acetabular ridges were noted: angular (23.08%), 
curved (63.46%), straight (2.88%) and irregular (10.58%).

Conclusion: The present study showed weakly positive 
correlation between diameter and depth of the acetabulum and 
morphological variations in the shape of anterior acetabular ridge.
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Hence, this study was undertaken with the aim of determining the 
diameter and depth of the acetabulum, identifying the relationship 
between diameter and depth of acetabulum and detecting the 
variations in the shape of anterior acetabular ridge.

MATERIALS AND METHODS
This cross-sectional study was conducted on 104 dry human adult 
hip bones of unknown sex belonging to both sides (54 right and 50 left) 
in the Department of Anatomy of Dhanalakshmi Srinivasan Medical 
College and Hospital, Perambalur, Tamil Nadu and Government 
Dharmapuri Medical College, Dharmapuri, Tamil Nadu, India from 
February 2017 to September 2019 after obtaining ethical clearance 
from Institutional Ethics Committee of human studies (Project no. 
IECHS/DSMCH/026). Bones with evidence of wear and tear, 
congenital defects and fracture were excluded from the study. 

Morphometric Parameters
The morphometric parameters taken in the present study were depth 
and diameter of the acetabulum. The procedures for measuring the 
depth and diameter were taken from previous studies [11,12]. The 
parameters were measured as follows:

1. Diameter of the acetabulum- The distance between the 
acetabular ridge nearest to the body of ischium and anterior 
iliac margin intersecting the acetabular ridge was measured as 
acetabular diameter using digital vernier caliper [Table/Fig-1].

[Table/Fig-1]: Measurement of diameter of acetabulum.

[Table/Fig-2]: Measurement of depth of acetabulum. 

test was used to evaluate the correlation between the diameter 
and depth of the acetabulum. The p-value <0.05 were considered 
as statistically significant. All data were analysed using statistical 
software SPSS version 16.0.

RESULTS
The morphometric parameters (diameter and depth) of acetabulum 
presented in [Table/Fig-4] show the average values, standard deviation 
and maximum and minimum values of the parameters on right and left 
side. The average values of acetabular diameter and depth obtained in 
present study were 48.98±2.91 mm and 24.12±2.54 mm, respectively. 

[Table/Fig-3]: a) Angular shaped anterior acetabular ridge; b) Curved shaped 
anterior acetabular ridge; c) Straight shaped anterior acetabular ridge; d) Irregular 
shaped anterior acetabular ridge.

2. Depth of the acetabulum- Maximum vertical distance from 
the deepest point in the acetabular cavity to the brim of the 
acetabulum was taken as depth. A metallic strip was placed 
across the acetabular margin and depth of the acetabulum was 
measured in millimeters using digital vernier caliper from the 
deepest point in the acetabulum to metallic scale [Table/Fig-2].

Morphologic Parameter
The morphology of anterior acetabular ridge in the study was evaluated. 
The shape of the anterior acetabular ridge was categorised into 
curved, angular, straight and irregular types [Table/Fig-3a-d] [11-14].

STATISTICAL ANALYSIS
The data collected for all parameters were entered in Microsoft 
Excel (version 2019) and analysed statistically to find range, mean, 
standard deviation and Student’s t-test was applied. Pearson’s 
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Parameters

Range mean±SD

p-value ‡between R and lRight (n=54) left (n=50) R+l (n=104) Right (n=54) left (n=50) R+l (n=104)

Diameter (in mm) 41-56 43-55 41-56 48.76±2.94 49.2±2.92 48.98±2.91 0.283

Depth (in mm) 21-30 20-30 30-20 23.6±2.48 24.6±2.59 24.12±2.54 0.22

Correlation between diameter and depth (R+L) †r-value=0.388 p-value <0.001**

[Table/Fig-4]: Depth and diameter of acetabulum in the present study.
†Using Pearson’s correlation test; ‡Using Student’s t-test; **statistically highly significant; R: Right; L: Left

Shape of the anterior acetabular ridge Frequency, n (%)

Angular 24 (23.08%)

Curved 66 (63.46%)

Straight 3 (2.88%)

Irregular 11 (10.58%)

Total 104 (100%)

[Table/Fig-5]: Frequency of different shapes of anterior acetabular ridge in the 
present study.

The maximum and minimum diameter of acetabulum measured were 
56 mm and 41 mm, respectively. The range of maximum and minimum 
acetabular depth in present study was from 30 mm to 20 mm. Range of 
maximum and minimum values of these parameters shows the variations 
in the normal population. Although the measurements of parameters on 
left side were slightly higher than the right side, there was no statistically 
significant difference between right and left side (p>0.05). There was a 
positive correlation between average dimensions of diameter and depth 
of the acetabulum (r-value -0.388; strength of correlation was weakly 
positive, p-value <0.001). Thus, it can be inferred that there is a possibility 
of increase in the depth of acetabulum, when diameter increases.

[Table/Fig-5] shows the frequency of different shapes of acetabular 
ridge. The most common shape of anterior acetabular ridge in 
present study was curved (63.46%) followed by angular shape 
(23.08%). The least common shape of acetabular margin observed 
in present study was straight type (2.88%).

DISCUSSION
The primary objective of the study was to emphasise the significance 
of anthropometry of acetabulum. One of the essential preconditions 
for the normal biomechanics of hip joint is its normal shape. The 
abnormalities in the dimensions of acetabulum are important in 
understanding the pathology of hip joint diseases like primary 
osteoarthrosis [13]. The incongruous hip joint is more prone for 
degeneration than a joint having normal anatomy [5].
An effort has been made in the present study to examine the dry 
hip bones with the available data in relation to various parameters. 
The parameters were selected from the literature available in the 
previously published articles [11-14]. In order to get better insight 
on the results obtained, the present study was compared to some 
of the earlier investigations [Table/Fig-6] [12-19].

Aksu F et al., reported the average diameter of acetabulum in Turkish 
population as 54.29±3.8 mm [14]. In a study done by Ukoha UU et 
al., in the African population, the mean diameter was 54.8±3.5 mm 
and 53.9±3.0 mm on right and left side, respectively [15], closer to the 
results of Indurjeeth K et al., who also did study on African population 
[18]. But the studies done on Indian population by previous authors 
{Devi TB and Philip CX, Sreedevi G and Sangam MR, and Bahl I et 
al., [13,17,19]} revealed the average diameter around 49 mm which is 
similar to present study results. These differences in the results can be 
attributed to racial variations and Chauhan R et al., opined that smaller 
values of the acetabulum parameters are due to short stature of Indians 
when compared to Africans [11]. But Paramara G et al., reported 
average diameter as 42.54±3.6 mm in Indians which was lower when 
compared to present study [12]. Chauhan R et al., who measured the 
parameters on cadavers found the mean diameter as 47.10±2.90 mm 
(right side), 47.48±3.05 mm (left side) in males and 44.38±3.01 mm 
(right side), 46.0±2.28 mm (left side) in females which is more or less 
similar to present study findings on dry bones [11].

Acetabular depth is essential in maintaining normal hip mechanics 
and establishing a good range of movement. It acts as one of the 
contributing factors in component dislocation [16]. The acetabular 
depth has been considered by many investigators as an important 
measurement in defining acetabular dysplasia. The acetabulum with 
depth of less than 9 mm is regarded as acetabular dysplasia [20]. 
The average depth of acetabulum in present study was 24.12±2.54 
mm which is similar to the findings of Sreedevi G and Sangam MR 
[17] but greater than the measurements done by Parmara G et al., as 
represented in [Table/Fig-6] [12]. Devi TB and Philip CX, Khobragade 
L and Vatsalaswamy P, and Bahl I et al., reported slightly higher 
values in Indian population when compared to the present study 
[13,16,19]. Aksu F et al., Ukoha UU et al., and Indurjeeth K et al., 
found higher values of mean depth of acetabulum but their studies 
were conducted on people from different races [14,15,18].
Chauhan R et al., after studying the diameter of both acetabulum 
and femoral head described that the average diameter of femoral 
head is smaller than the average diameter of acetabulum in North 
Indian cadavers so that the femoral head is snugly fitted into the 
acetabular depression which is one of the major reasons why 
primary osteoarthritis of hip joint is not so common in Indians [11].
The morphometric parameters measured in present study had a 
higher value on left side when compared to right side but were not 
statistically significant. According to Chhibber SR and Singh I, left limb 
was dominant [21]. More people use left lower limb for weight bearing, 
whether they are right-handed or left-handed. Hence, in order to bear 
greater loading force on femur on left side, the dimensions of the bones 
forming the hip joint of left side should be more than the right [21].
Thus, from the findings of the present study it can be inferred that, 
acetabular dimensions in Indian population were smaller when 
compared to other populations and measurements on left side were 
greater than right side since most people use left lower limb for weight 
bearing. The frequency of different shapes of anterior acetabular ridge 
in present study was in near coincidence with Devi TB and Philip 
CX, and Maruyama M et al., [13,22]. Present study observed curved 
type as the most common shape of anterior acetabular ridge similar 
to previous studies done on Indian population [12,13,17,19]. But 
Indurjeeth K et al., found angular shape to be the most common in 
African population [18]. This disparity in the findings could be attributed 
to racial variations [15]. Present study observed straight type as the 
least common shape of anterior acetabular ridge which is similar to 
Devi TB and Philip CX, and Bahl I et al., [13,19], whereas Sreedevi G 
and Sangam MR, and Pratibha K et al., noted irregular type in Indian 
population as the least common [Table/Fig-7] [12-15,17-19,22,23].
The aetiopathogenesis of hip joint diseases like acetabular dysplasia 
and pincer femoro-acetabular impingement are often associated with 
variations in the morphology of acetabulum including the acetabular 
diameter, depth and orientation [24]. The total hip arthroplasty is 
one of the most common surgeries done now-a-days in the field 
of orthopaedics. The knowledge of anatomical parameters of 
hip joint reduces the complications arising from the mismatch of 
prosthesis in hip arthroplasty [13]. The significant information about 
the average dimensions of acetabulum and morphology of anterior 
acetabular ridge will help the surgeon to determine the ideal size of 
acetabular cup during total hip arthroplasty. Using acetabular cups 
that replicate the curvaceous acetabular profile could reduce the 
incidence of iliopsoas impingement and prevent prosthetic overlap 
and mechanical loosening [23].
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S. no. Authors Year of publication Population Sample size Diameter (mm) Depth (mm)

1. Aksu F et al., [14] 2006 Turkey 154 54.29±3.8 29.49±4.2

2. Parmara G et al., [12] 2013 Indian 100 42.54±3.6 19.07±2.47

3. Devi TB and Philip CX, [13] 2014 Indian 100 50.99±1.99 28.32±1.32

4. Ukoha UU et al., [15] 2014 Nigerian 100
R-54.8±3.5
L-53.9±3.0

R-29.7±3.1
L-30.2±3.1

5. Khobragade L and Vatsalaswamy P, [16] 2017 Indian 110 - 27.1±3.2

6. Sreedevi G and Sangam MR, [17] 2017 Indian 80
R-49.4±3.52
L-48.06±5.65

R-24.09±2.84
L-25.16±2.97

7. Indurjeeth K et al., [18] 2019 Black African 100 54.84±4.18 31.30±3.18

8. Bahl I et al., [19] 2020 Indian 73 48.6±3.5 27.1±3.2

9. Present study 2021 Indian 104 48.98±2.91 24.12±2.54

[Table/Fig-6]: Comparison of depth and diameter of acetabulum with previous studies [12-19].

Limitation(s)
Failure to discriminate between the genders of the bones was the 
major limitation of this study.

CONCLUSION(S)
The dimensions of acetabulum in Indians are smaller when compared 
to other populations and a weakly positive correlation between 
the mean values of acetabular diameter and depth was observed 
as per present study. Based on the findings of the current study, 
some amendments in the current knowledge of morphological and 
morphometric parameters of acetabulum were presented. Present 
study have provided a set of reference ranges for normal acetabular 
dimensions, which we believe, will be helpful for determining the 
safe position of acetabular implant during hip replacement surgery. 
Authors are hopeful that this study will also be valuable for the 
anthropologists in their racial and population studies.
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Angular 25.50 16.8 Not found 27 33 11.5 22.5 41 26 23.08

Curved 60.50 46.1 61 60 35 38.2 43.75 22 41.1 63.46

Straight 4.50 23.3 20 4 23 29 27.5 14 5.5 2.88

Irregular 9.50 13 19 9 9 21.3 6.25 23 27.4 10.58

[Table/Fig-7]: Comparison of shape of anterior acetabular ridge between present study and previous studies [12-15,17-19,22,23].
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