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ABSTRACT
Introduction and aim. Good outcomes of total hip replacement and acetabular surgeries have been linked to proper under-
standing of the morphometry of acetabular and iliac bones. The aim of this study was to analyze the clinical morphometry of 
dry acetabulum and iliac bones in southeastern Nigeria.
Material and methods. The measurements were done on human hip bones in anatomy museums using a Vernier caliper. The 
acetabular and iliac bone parts were measured.
Results. A total of 148 dry hip bones were measured during the study. The mean acetabular depth and diameter are 32.10±2.33 
mm, and 53.93±2.74 mm respectively. The mean thicknesses of the acetabular walls are 5.88±1.38 mm, 12.64±1.84 mm, 
15.79±2.07 mm and 19.74±2.18 mm for the antero-inferior, antero-superior, postero-inferior and postero-superior walls re-
spectively. The distances between landmarks on the iliac bone are: anterior-inferior-iliac-spine – posterior-inferior-iliac-spine = 
112.91±8.01 mm, posterior-superior-iliac-spine – anterior-inferior-iliac-spine = 135.29±8.04 mm, anterior-inferior-iliac-spine – 
anterior-superior-iliac-spine = 34.98±9.55 mm, posterior-superior-iliac-spine – upper-edge-of-acetabulum = 119.14±7.83 mm 
and anterior-superior-iliac-spine – nearest-edge-of-acetabulum = 55.71±5.60 mm. The regression model for prediction of di-
ameter of the acetabulum using the depth of the acetabulum shows that for every 1 mm increase in the acetabular depth, the 
acetabular diameter increases by 0.312 times. The regression equation is “Y = bx + a”; Y = acetabular diameter, x = acetabular 
depth, b = margin of error = 0.312, and a = constant determined to be 43.919.
Conclusion. The study established the mean values and the relationship between acetabular depth and diameter.
Keywords. acetabular depth, acetabular diameter, acetabular wall thickness, anterior superior iliac spine, posterior superior 
iliac spine
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Introduction
The hip joint socket, the acetabulum (‘vinegar cup’), is a 
concave hemisphere whose axis is not strictly horizontal 
but is directed also downwards and slightly anteverted 
along the axis of the femoral neck. Its inferior margin is 
lacking, so the vinegar would run out of the cup. Defi-
ciency at the inferior margin is the acetabular notch.1,2 
The acetabulum is divided into four quadrants as de-
scribed by Wasielewski et al. by bisecting them with an 
imaginary line from the anterior superior iliac spine 
and another line passing through the center of the ac-
etabulum perpendicular to the first line.3 The thickest 
quadrant is the postero-superior, followed by the pos-
tero-inferior, then the antero-superior and the thinnest, 
the antero-inferior quadrant.3 It is very important to 
know this as well as the average length of the screws that 
can be placed safely at various quadrants of the acetab-
ulum during surgery.3

The ilium forms the pelvic brim between the hip 
joint and the joint with the sacrum; above the pelvic 
brim it is prolonged, broad and wing-like, for the at-
tachment of ligaments and large muscles.1 The ilium is 
divisible into two parts, the body (corpus ossis ilii) and 
the ala (ala ossis ilii).1 The following anatomical land-
marks are at the anterior border of ala; the anterior su-
perior iliac spine (ASIS) which can be palpated under 
the skin and the anterior inferior iliac spine (AIIS). Be-
tween these iliac spines there is incisure (incisura iliaca 
anterior). At the posterior border of ala are the posterior 
superior iliac spine (PSIS) and the posterior inferior ili-
ac spine (PIIS). There is incisure (incisura iliaca posteri-
or) between these spines.4

Acetabular morphometric parameters like depth of 
the cavity, diameter and acetabular notch width in addi-
tion to the head of the femur determine the stability of 
the hip joint.5

The average depth of the acetabulum from previous 
studies ranges from 20 mm to 32 mm.2,6-9 The acetabu-
lar depth has been considered by many investigators as 
an important measurement in defining acetabular dys-
plasia. The acetabulum with depth of less than 9 mm is 
regarded as acetabular dysplasia.10 In acetabular dyspla-
sia, there is deficient coverage of the femoral head su-
perolaterally and anteriorly, therefore there is decreased 
surface area for weight bearing. Excessively deep ace-
tabulum can predispose the person to pincer femoroac-
etabular impingement syndrome, which will eventually 
lead to osteoarthritis of the hip joint.11

The diameter of the acetabulum has been docu-
mented by previous authors. Ukoha et al. obtained a 
mean acetabular diameter of 55.8±3.7 mm on the right 
side and 54.6±3 mm on the left side.6 A study done by 
Chauhan et al. in a North Indian population obtained 
values of 47.10±2.9 mm on the right side and 47.48±3.05 
mm on the left side.12 

The morphometry of the acetabulum and ili-
ac bones has been shown to vary amongst individuals 
from different geographic locations or regions, there is 
also variation amongst individual from different racial 
groups and ethnicities.13,14 Good outcome of total hip 
replacement surgeries, and pelvic surgeries had been 
linked to proper understanding of the morphometry 
of the acetabulum and iliac bones. For instance, it aids 
in the placement of fixation screws at the right location 
to avoid damage to adjacent neurovascular structures.15 

Also, the size of the prosthetic cup in total hip replace-
ment should be about the same as the dimensions of the 
native acetabulum. Knowledge of this morphometry is 
also applied in implant manufacture and selection for 
pelvic and hip surgeries. Good understanding of iliac 
bone morphometry also aids the surgeon to identify im-
portant bone landmarks (anterior superior iliac spine, 
posterior superior iliac spines etc.) during surgeries.16

Pelvic surgeries and total hip replacement surgeries 
are presently being done in our environment. These sur-
geries require acetabular components for the total hip 
replacement surgeries, special plates and screws for the 
acetabular reconstruction surgeries. These prosthesis 
and implants are manufactured with similar morphom-
etries as the native bone. There is paucity of data about 
acetabular and iliac bone parameters in our environ-
ment and no previous study in our environment had es-
tablished relationship between the depth and diameter 
of the acetabulum. This study was therefore designed to 
help in bridging this gap in knowledge.

Aim
This study aims to provide database of the values of ac-
etabular morphometries of people of southeast Nigeria, 
also to establish a model for the prediction of acetabu-
lar diameter from the depth and vice versa. Mean values 
obtained will be of immense benefit to bioengineers who 
manufacture acetabular prosthesis and pelvic implants.

Material and methods
The study is a cross-sectional study conducted at the 
anatomy museums of Departments of Human Anatomy 
of six universities in the southeastern Nigeria. 

Normal adult hip bones without pathology or fea-
tures of wear and tear from storage and preparation 
were included in the study. Bones whose epiphyses had 
not fused were excluded from the study. 

All the hip bones in the Anatomy museums which 
met the inclusion criteria were used for the study.

Ethical clearance was obtained from the Research 
and Ethics Committee of Enugu State University of Sci-
ence and Technology. Ethical right permission number 
is ESUCOM/FBMS/ETR/2022/015.

Electronic Vernier caliper, thin metallic meter rule, 
examination gloves and markers were used in the study.
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Depth of the acetabulum
Figure 1 shows the measurement of depth of the acetab-
ulum. The maximum vertical distance from the deepest 
point in the acetabular cavity (center of the acetabulum) 
to the horizontal plane touching the margins of the ace-
tabular cavity. A thin metallic meter rule was kept across 
the margins of the acetabular cavity and the depth of 
the acetabulum was measured on the Electronic Vernier 
caliper using the depth gauge from the deepest point in 
the acetabulum to the ruler.2

 
Fig. 1. Measurement of the depth of the acetabulum.

Diameter of the acetabulum
The distance from the junction where anterior iliac mar-
gin meets the periphery of the acetabulum to a point on 
the periphery of the Acetabulum nearest to the ischial 
tuberosity was measured with Electronic Vernier cali-
per.17 This measurement is shown in Figure 2.

 
Fig 2. Measurement of the acetabular diameter

Width of the acetabular notch
The distance between the ends of the lunate surface of 
the acetabulum was measured with an electronic Verni-
er caliper.17 This is shown in Figure 3.

Thickness of the acetabulum
The acetabulum was divided into 4 quadrants as was de-
scribed by Wasielewski.3 This was done by drawing a 
straight line with meter rule and marker from the ante-
rior superior iliac spine bisecting the acetabulum. An-
other line, perpendicular to the 1st, through the center 

of the acetabulum was drawn. Figure 4 shows measure-
ment of the acetabular wall thickness. These lines divide 
the acetabulum into 4 quadrants; the anterosuperior, an-
teroinferior, posterosuperior and posteroinferior quad-
rants.3 With the aid of an electronic Vernier caliper, the 
thickness of the acetabulum was measured at a point 2 cm 
from the rim of the acetabulum in each of the quadrants. 

 
Fig 3. Measurement of the acetabular notch width.

 
Fig. 4. Measurement of the acetabular wall thickness

Distances between landmarks on the iliac bone
The distances between the following bony landmarks on 
the iliac bone were measured:

Distance between anterior inferior iliac spine (AIIS) 
and posterior inferior iliac spine (PIIS). This is shown 
in Figure 5.

Distance between the posterior superior iliac spine 
(PSIS) and the anterior inferior iliac spine (AIIS). 

Distance between anterior inferior iliac spine (AIIS) 
and anterior superior iliac spine (ASIS).

Distance between the posterior superior iliac spine 
(PSIS) and the upper edge of the acetabulum (UEA).

Distance between the anterior superior iliac spine 
(ASIS) and the nearest edge of the acetabulum (NEA). 
This is shown in Figure 6.

Statistical analysis
Data was collated and analyzed using IBM SPSS version 
26 (Armonk, NY, USA). Descriptive statistics which in-
clude means and standard deviations were obtained for 
continuous variables. Comparison of means was done 
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using student’s t test. P value less than 0.05 was regarded 
as significant. Relationship between diameter and depth 
of acetabulum was assessed using Pearson correlation. 
A regression analysis was done to see if the depth of ac-
etabulum can predict the diameter.

  
Fig. 5. Measuring the distance between the AIIS and PIIS

Fig. 6. Measuring the distance between the ASIS and 
nearest edge of the acetabulum

Fig. 7. Measuring the distance between the ASIS and AIIS

Results
One hundred and forty-eight (148) pelvic bones that 
met the inclusion criteria were used for the measure-
ments. Right hip bones were 75 in number while left 
hip bones were 73 in number. Table 1 shows the val-
ues of the measured parameters. The mean acetabular 
depth is 32.10±2.33mm, the mean acetabular diameter 
is 53.93±2.74mm. Mean values of all the parameter are 
shown in the Table 1. 

Table 1. The mean acetabular depth, diameter, notch 
width, wall thickness, and iliac bone measurements. 
Measured in millimeters (mm)

n Minimum Maximum Mean
Std. 

deviation

Acetabular depth 148 27.4 38.11 32.1 2.33

Acetabular diameter 148 47.7 60.1 53.95 2.74

Acetabular width 148 8.6 35.63 24.3 3.57

Antero-inferior wall thickness 148 2.2 8.48 5.88 1.38

Antero-superior wall thickness 148 8.8 18.42 12.64 1.84

Postero-inferior wall thickness 148 10.4 23.1 15.79 2.07

Postero-superior wall thickness 148 14.68 28.5 19.74 2.18

AIIS-PIIS 148 90.7 130.5 112.91 8.01

PSIS-AIIS 148 116.5 157.1 135.29 8.04

AIIS-ASIS 148 24.33 135.58 34.98 9.55

PSIS-UEA 148 96.44 138.70 119.14 7.83

ASIS-NEA 148 37.30 71.55 55.71 5.6

Table 2 shows there is no significant difference in 
the mean values of both sides. 

Table 2. Comparison of mean parameters between the 
right and left sides. Measured in millimeters (mm)

Right
Mean±SD

Left
Mean±SD

T P

Acetabular depth 32.13±2.43 32.07±2.24 0.169 0.866

Acetabular diameter 53.86±2.54 54.04±2.95 0.382 0.703

Acetabular width 24.56±3.26 24.04±3.86 0.887 0.376

Antero-inferior wall thickness 5.82±1.37 5.94±1.38 0.517 0.606

Antero-superior wall thickness 12.49±1.68 12.79±1.99 0.959 0.339

Postero-inferior wall thickness 15.68±2.02 15.90±2.12 0.66 0.51

Postero-superior wall thickness 19.48±2.42 20.01±1.88 1.479 0.141

AIIS-PIIS 113.74±7.32 112.07±8.62 1.267 0.207

PSIS-AIIS 135.79±7.39 134.78±8.68 0.756 0.451

AIIS-ASIS 35.50±12.76 34.44±4.27 0.675 0.501

PSIS-UEA 118.69±7.74 119.59±7.96 0.706 0.481

ASIS-NEA 55.43±6.11 55.99±5.03 0.618 0.538

There is a significant positive linear relationship be-
tween the depth of the acetabulum and the diameter of 
the acetabulum (r [148]=0.266, p<0.001). 

Table 3 shows the regression model for prediction 
of diameter of the acetabulum using the depth of the 
acetabulum. It shows that for every 1 mm increase in 
the acetabular depth, the acetabular diameter increases 
by 0.312 times. The equation is “Y = bx + a” where Y = 
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Acetabular diameter, x = Acetabular depth, b = margin 
of error = 0.312, a = constant determined to be 43.919.

Table 3a. The regression model for prediction of the 
diameter of the acetabulum using the depth of the 
acetabulum (model summary)

Model R
R 

square
Adjusted 
R square

Std. error 
of the 

estimate

Change statistics

R square 
change

F 
change

df1 df2
Sig. F 

change

1 0.266a 0.071 0.064 2.65396 0.071 11.087 1 146 0.001

a. predictors: (constant), acetabular depth

Table 3b. The regression model for prediction of the 
diameter of the acetabulum using the depth of the 
acetabulum (ANOVA)

Model
Sum of 
Squares

Df
Mean 

Square
F Sig.

1

Regression 78.090 1 78.090 11.087 0.001b

Residual 1028.350 146 7.043

Total 1106.439 147

a. dependent variable: acetabular diameter

b. predictors: (constant), acetabular depth

Table 3c. The regression model for prediction of the 
diameter of the acetabulum using the depth of the 
acetabulum (coefficients – the equation is “Y = bx + a” 
where Y = acetabular diameter, x = acetabular depth, b = 
margin of error = 0.312, a = constant = 43.919)

Model
Unstandardized 

coefficients
Standardized 
coefficients T Sig.

B Std. error Beta

1
(Constant) 43.919 3.020 14.541 0.000

acetabular 
depth

0.312 0.094 0.266 3.330 0.001

a. dependent variable: acetabular diameter

Discussion 
The difference between the mean values of right and left 
sides for the depth, diameter, wall thickness and width 
of the acetabulum including the mean distances of bony 
landmarks on the iliac bones from this study are not 
statistically significant, this is similar to findings from 
other studies.1,3,6,18,19-21 This is important especially for 
patients that will require a second total hip replacement 
surgery or implant surgery on the opposite side as sim-
ilar sizes of implants can be kept for the opposite side. 

The mean acetabular depth of dry bones in South 
East Nigeria was higher than what was reported in stud-
ies carried out in Indian, Portuguese, Canadian, Chi-
nese and Turkish populations. Gangavarapu et al. and 
Yugesh et al. in separate studies in Indian population 
obtained values of 24.09±2.69 mm 29.9±0.21 mm re-
spectively, Arsuaga et al. documented a value of 25.1 
mm in Portugal.8,17,18 Lang documented an acetabular 
depth of 29±3.8 mm in dry bones in Canada.7 Bagei 
et al. in an acetabular study in Turkey reported mean 

depth of 24.87‒22.85 mm.22 Zheng et al. documented 
19.4±2.21 mm as the value of acetabular depth in Chi-
nese population.23 A study by Ukoha et al. in Nigeria 
obtained value of 29.7 mm for the acetabular depth.6 
These differences may be as a result of the peculiari-
ties in body build/sizes of the different populations in-
volved. For the Chinese, it may be because the study was 
a CT scan-based study which may not be as accurate as 
the value obtained by direct measurement. Similar study 
done in Nigeria also had lower mean value, this may be 
attributed to the fact that this study is more encompass-
ing, it involved 6 centers in 3 states with more hip bones 
measured.6 This finding is important because it will mo-
tivate our local bioengineers to look at the possibility of 
manufacturing acetabular cups with dimensions similar 
to acetabulum of the local population.

The mean acetabular diameter of dry hip bones 
in South East Nigeria is higher than the values re-
ported in 2 separate Indian studies, with reported val-
ues of 49.4±3.5 mm and 47.4±0.23 mm.17,18 However 
mean acetabular diameter from this study is lower than 
55.2±3.11 reported in China and 55.8±3.7 reported by 
a previous Nigerian study.6,23 Chauhan et al. opined that 
smaller values of the acetabulum parameters seen in 
Indians are due to short stature of Indians when com-
pared to Africans.12 Knowledge of the acetabular di-
ameter of our local population will aid pre-operative 
surgical planning, by ensuring that sizes of acetabular 
cups matching the values of native acetabulum of the 
local population are available.

The mean value of acetabular notch width of ace-
tabulum of dry hip bones in south-east Nigeria was 
more than that reported for Indian and South Africa 
populations with mean values of 22.25±2.97 mm and 
21.85±3.42 mm respectively.17,24 This may be due to ra-
cial variations in sizes of bones. 

The acetabular wall thickness from this study fol-
lows similar pattern as was documented by Wasielewski 
et al. and Varodompun et al. showing the posterior-su-
perior wall is the thickest with the highest value fol-
lowed by posterior-inferior wall, then anterior-superior 
wall and anterior-inferior wall in that order.3,15 Howev-
er, the acetabular wall thickness of hip bones in south-
east Nigeria is thicker than what was documented for 
the Thai population only at the antero-inferior quad-
rant. The mean value from the other 3 quadrants is less 
than that of the Thai population. The reported mean 
values for the Thai population include; 15.16 mm, 3.49 
mm, 29.12 mm, and 26.63 mm for the antero-superior, 
antero-inferior, postero-superior, and postero-inferior 
quadrants respectively.15 This finding could be as a re-
sult of racial variations, it could also be because the wall 
thickness from this study was measured 2 cm from the 
rim while those of the Thais measured from any point 
on a middle segment between the rim and the center of 
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the acetabulum. Knowledge of the wall thickness pat-
tern will enable orthopedic surgeons that do hip re-
placement surgeries to always direct acetabular screws 
to the postero-superior quadrant.

The mean distances between the AIIS and the PIIS, 
the AIIS and ASIS, and the ASIS and the nearest edge 
of acetabulum (NEA) for the Turkish population are 
117.51±7.7 mm, 41.46±5.02 mm, and 60.3±5.46 mm re-
spectively.16 These values are more than that obtained 
from the present study. However, the mean distance be-
tween the PSIS and the UEA of hip bones in south east 
Nigeria are more than the mean value (106.24±12.63 
mm) reported for Turkish population and less than 
the value (124.9±7.1 mm) documented for USA pop-
ulation.16,20 A Chinese study obtained 139.1±5.6 mm as 
the mean distance between the PSIS and AIIS, this is 
greater than the value obtained in this study.21 All these 
differences may be as a result of racial variation in the 
dimensions of the hip bone. Bony landmarks of the iliac 
bone usually serve as guides to Surgeons. Knowledge of 
the mean values of distances between these landmarks 
is very important because it helps surgeons to select and 
use screws of appropriate length, this is of immense 
benefit to centers that do not have a C-arm machine for 
real-time imaging.

There is a significant positive linear relationship 
between acetabular depth and diameter. Devi et al. re-
ported positive and significant correlation between 
the depth and diameter of the acetabulum (r=0.416 
p<0.001) in India.25 Aksu et al. in another study on 
Turkish people reported positive and significant cor-
relation between the depth and diameter of the acetabu-
lum (r=0.498 p<0.001).26 Mahmut et al. in a radiological 
study reported a positive significant correlation be-
tween the acetabular diameter and depth in males and 
females.27 However, none of these previous authors pro-
posed a model for predicting acetabular diameter from 
depth and vice versa. The model equation proposed in 
this study can be used to predict to some degree of accu-
racy the acetabular diameter using the depth, especially 
in some cases of arthroplasty surgeries where the diam-
eter cannot be measured directly due to bony defects in 
diseased acetabulum. Estimation of the acetabular di-
ameter from the depth will assist the surgeon to have an 
idea of the size of the acetabular reamer he/she will start 
with. And the array of sizes of acetabular cups that will 
be kept in the inventory for the surgery.

Recommendations
The morphometric values obtained in this study will as-
sist Surgeons that do hip and acetabular surgeries in our 
environment to stock the sizes of implants that match-
es that of the local population in their inventory. The 
values obtained can also assist bioengineers that manu-
facture the implants and prosthesis for hip surgeries to 

produce the ones that will match our local population. 
Surgeons can use the model obtained from this study to 
predict the diameter of the acetabulum from the depth 
of the acetabulum and vice versa. 

Study limitations 
The bones are not stored separately based on sex, hence 
being unable to discriminate between genders of the 
bones limited our study.

Conclusion
This study was able to establish the mean acetabular 
depth, acetabular diameter, acetabular notch width, ace-
tabular wall thickness and distances between bony land-
marks of hip bones in south-east Nigeria. There is no 
statistically significant difference between the mean val-
ues of right and left sides. T﻿here are variations between 
the majority of the study means and that from other re-
gions.

There is statistically significant relationship between 
the depth of the acetabulum and the diameter of the ac-
etabulum. T﻿he diameter of the acetabulum can be used 
to significantly predict the depth of the acetabulum and 
vice versa. 
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