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Background  
The anatomical parameters of the acetabulum vary among races and geographical 
regions. Multislice Computed Tomography (CT) has proven to be a practical approach to 
assess morphological parameters of the acetabulum. The purpose of this study was to 
explore morphological characteristics of the acetabulum measured by CT scans in 
Vietnamese adults. 

Methods  
Thirty-five consecutive patients aged 18 years and older received indications and 
eligibility for total hip replacement surgery. Sixty-three acetabulum were examined with 
multislice computed tomographic system (CT) with multiplanar reconstruction (MPR). 
Measured morphometric parameters of acetabulum included acetabular inclination angle 
(AIA), acetabular anteversion angle (AAA), acetabular angle of sharp (AAS), sagittal 
acetabular angle (SAA), acetabular horizontal offset (AHO), transverse acetabular 
ligament anteversion (TALA), transverse acetabular ligament inclination (TALI), 
acetabular depth (ADe), acetabular depth ratio (ADr) and acetabular diameter (ADi). 

Results  
The mean values of acetabular diameter, femoral head diameter, AIA, AAA, AAS, SAA, 
TALA, TALI, AHO, ADe, ADr were 50.22±3.56 mm, 43.54±3.68 mm, 40.27±5.09 mm, 
13.30±5.54 mm, 39.46±5.41 mm, 26.38±9.01 mm, 9.49±3.92 mm, 47.70±6.73 mm, 
3.06±0.37 mm, 18.62±2.95 mm and 309.60±41.87 mm. 

Conclusion  
Our initial data has showed morphological characteristics of the acetabulum in 
Vietnamese adults, different from the populations from other parts of world. Also, 
significant correlation between the orientation of the acetabulum and the transverse 
acetabular ligament was documented. 

1. INTRODUCTION 

A hip replacement is a major surgery indicated for many 
hip joint conditions such as hip joint degeneration, avas
cular necrosis of the femoral head, or femoral neck frac
tures. Understanding the morphology of the hip joint helps 
surgeon in performing the surgery more accurately. On the 
other hand, hip morphology is different between human 
races and geographical regions.1,2 The comparison of the 
anatomical feature of the hip joint between human races 

and geographical regions is developing in parallel with the 
trend of personalized treatment for the patients. 
With the advancements in medical imaging technology, 

it has become feasible to meticulously plan surgical proce
dures using multislice computed tomographic system (CT) 
with multiplanar reconstruction (MPR). Besides individual
ized clinical evaluation, MPR of CT allows measurement of 
the parameters of the acetabulum as well as the orienta
tion of the acetabulum in 3D space, thereby, contributing 
to successful surgical outcomes. Preoperative measurement 
of morphological parameters of the acetabulum opens the 
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door to advancements in the development of artificial sub
stitutes that are tailored to individual patient parameters. 
Because several earlier studies have provided a charac

terization of the anatomical feature of the hip joint, our 
study aimed to evaluate several anatomical parameters of 
the shape, size, and spatial orientation of the acetabulum 
in adult Vietnamese patients with indications for the total 
hip arthroplasty based CT with MPR. 

2. MATERIALS AND METHODS 

2.1. STUDY DESIGN & PATIENTS 

After obtaining approval from the Institutional Review 
Board of the Hanoi Medical University, we prospectively an
alyzed a total of 63 acetabula in 35 consecutive patients 
who received indications for the total hip arthroplasty in 
the Department of Orthopaedic Surgery and Sports Medi
cine of the E Hospital (Hanoi, Vietnam) from January 2021 
through December 2022. 

2.2. MEASUREMENT PERFORMANCE 

We use the 64 Slice Siemens SOMATOM Perspective CT 
Scanner with model DC045D from Germany for imaging. 
Patients are scanned in a supine position and balanced on 
the scanner table, with their legs in an intermediate posi
tion and their knees extended straight at 0 degrees. Imag
ing parameters: the field of view (FOV) width ranges from 
300-400 mm; the voltage is between 110-140 kV; the cur
rent intensity is 100 mAs; the slice thickness is 0.6-1 mm; 
the reconstruction interval is 1-1.2 mm for bone window 
and the software on the coronal, axial, and sagittal planes; 
and the table feed is 0.8-1.2 mm. 
On CT with MPR images, circular designs encompassing 

the entire acetabulum are created at the position with the 
largest dimensions to measure the diameter of the acetabu
lar opening (Image 1). On coronal images, the depth of the 
acetabulum is measured as the distance between the deep
est point of the acetabulum and the line connecting the 
“tear drop” to the outermost point of the acetabulum (Im
age 2). The acetabular depth ratio is calculated as the depth 
of the acetabulum divided by the length of the line connect
ing the “tear drop” to the outermost point of the acetabu
lum, multiplied by 1000. 
The acetabular anteversion angle was measured on the 

axial plane as the angle formed by the line connecting the 
anterior and posterior edges of the acetabulum with the 
line perpendicular to the line connecting the two ischial 
tuberosities (Image 3). The acetabular inclination angle was 
determined on the coronal plane as the angle formed by 
the line connecting the superior outer edge of the acetab
ulum and the “tear drop” with the horizontal line passing 
through the two ischial tuberosities (Image 4). 
The horizontal offset index of the hip joint is determined 

on the coronal plane as the distance from the center of the 
femoral head to the “tear drop” landmark (Image 2). The 
sagittal acetabular angle is determined on the sagittal plane 
as the angle formed by the line connecting the anterior and 

Image 1. Acetabular diameter measurement.    

Image 2. Measuring acetabulum horizontal offset,     
acetabulum depth and acetabulum depth ratio.       

Image 3. Anteversion angle of the acetabulum      

posterior rims of the acetabulum and the horizontal plane 
(Image 5). 
Regarding the orientation of the transverse acetabular 

ligament, on CT with MPR, we determine the posterior horn 
of the acetabular notch on the axial plane, then adjust the 
orientation bars on both the axial and sagittal planes un
til the anterior horn of the acetabular notch is identified on 
both planes. Then, the angle of anteversion of the trans
verse acetabular ligament on the axial plane is measured, 
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Image 4. Angle of inclination of the acetabulum       

Image 5. a is the angle of the acetabulum above the          
sagittal.  

which is formed by the line connecting the anterior and 
posterior horns of the acetabular notch and the line per
pendicular to the connecting line of the two ischial 
tuberosities (Image 6). 
The inclination angle of the transverse ligament is de

termined on the CT with MPR, by moving the center of ori
entation of the plane to the midpoint of the line connect
ing the anterior and posterior horns in the axial and sagittal 
planes. At this position, the center of orientation is also lo
cated at the midpoint in the coronal plane. The inclination 
angle of the transverse ligament is defined as the angle be
tween the horizontal reference line and the line connecting 
the center of orientation to the outer superior margin of the 
acetabulum (Image 7). 

2.3. STATISTICAL ANALYSIS 

Parameters were measured using Radiant Dicom viewer 
software. The data obtained was entered in EpiData 3.1, 
and responses were coded appropriately before being ex
ported to Stata® 15 (StataCorp LLC, College Station, TX, 
USA) for analysis. The data was expressed as mean ± stan
dard deviation (SD). The morphological features of the ac
etabulum were compared between genders using either the 
Mann-Whitney U test or the t-test. The Pearson and Spear
man correlation coefficients (r) were utilized to evaluate the 
relationship between the values of the morphological fea
tures of the acetabulum and the body mass index. Several 
selected relationships between morphometric parameters 
of acetabulum were illustrated with Scatterplots. p-value 
<0.05 was considered to be statistically significant. 

3. RESULTS 

The analysis included a total of 63 acetabulum (29 right 
acetabulum & 34 left acetabulum) in 35 patients. There 
were 25 males (71.4%) and 10 females (29.6%). Mean age 
was 56.35±13.15 years (Min-Max: 18-79). Mean BMI was 
23.4±2.9 kg/m2 (Min-Max: 18.4-30.1). 
There was no statistically significant difference between 

men and women according to the angles describing the ori
entation of the acetabulum (Table 1). 
Table 2 showed the statistically significant difference be

tween genders in AHO (p<0.001) and acetabular diameter 
(p<0.001). 
Correlations amongst morphometric parameters of ac

etabulum were revealed in Table 3. 
Table 4 showed correlations between body mass index 

and morphometric parameters of acetabulum. BMI was 
negatively correlated with AAA (r: -0.2928) and SAA (r: 
-0.3003), while BMI was positively correlated with AHO (r: 
0.5340) and Acetabular diameter (r: 0.5183). Several se
lected relationships between morphometric parameters of 
acetabulum were revealed in Figure 1. 

4. DISCUSSION 

The differences in the anatomical morphology of the hip 
joint in general and the acetabulum in particular among 
different human races need to be clearly understood to 
ensure precise surgical planning.1,3 In addition, with the 
trend towards personalized surgical instrumentation (PSI), 
accurate measurement and orientation of the acetabulum 
prior to surgery facilitates the selection and fabrication of 
instruments and implants that are appropriate for the size 
of each patient. In our study, the average size of the acetab
ulum was 50.22 ± 3.5 mm, which is similar to the study by 
Tran Trung Dung (2019) of 50 ± 2.9 mm, both on a group of 
mature Vietnamese individuals.4 

The depth of the acetabulum and acetabular depth ratio 
in our study were 18.62 ± 2.95 mm and 309.6 ± 41.87, re
spectively, compared to Tran Trung Dung’s study (2019)4 

which reported 24.3 ± 2.2 mm and 485 ± 37 for Vietnamese 
adults, and Zeng’s study (2012)5 of the Chinese community, 
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Table 1. Measurements for the angles describing the orientation of the acetabulum.           

Angles All acetabula (N=63) Male (N=44) Female (N=19) p-value 

Mean (SD) Range Mean (SD) Range Mean (SD) Range 

AIA (degree) 
40.27 
(5.09) 

20.3-51.6 39.82 
(5.56) 

20.3- 
51.6 

41.31 
(3.73) 

35.3- 
48.5 

0.2842a 

AAA (degree) 
13.30 
(5.54) 

3.9-27.8 12.61 
(4.48) 

4.9-24 14.9 (7.33) 3.9-27.8 0.8544b 

AAS (degree) 
39.46 
(5.41) 

22.7-50.9 37.82 
(5.02) 

22.7-46.9 43.25 
(4.33) 

32-50.9 0.9999b 

SAA (degree) 
26.38 
(9.01) 

4.2-48.7 24.92 
(8.98) 

4.2-43.9 29.75 
(8.35) 

16.6-48.7 0.9750b 

TALA 
(degree) 

9.49 (3.92) 2.8-18.7 9.93 (3.95) 3.1-18.7 8.48 (3.74) 2.8-16.6 0.0897b 

TALI (degree) 47.70 
(6.73) 

31.8-60.9 47.64 
(6.46) 

37.5-60.9 47.85 
(7.51) 

31.8-56.8 0.5445b 

AIA: acetabular inclination angle, AAA: acetabular anteversion angle, AAS: acetabular angle of sharp, SAA: sagittal acetabular angle, TALA: transverse acetabular ligament antever
sion, TALI: transverse acetabular ligament inclination, SD: standard deviation 
N is the number of acetabulum 
a: Mann–Whitney U test; b: ttest 

Table 2. Measurements for the sizes of the acetabulum.        

Angles All acetabula (N=63) Male (N=44) Female (N=19) p-value 

Mean (SD) Range Mean (SD) Range Mean (SD) Range 

AHO 
(mm) 

3.06 (0.37) 2.25- 4.05 3.19 (0.33) 2.65-4.05 2.75 (0.27) 2.25-3.37 0.0000b* 

ADe 
(mm) 

18.62 
(2.95) 

13.7- 30.1 19.08 
(3.14) 

14.3-30.1 17.56 
(2.17) 

13.7-21.9 0.0688a 

ADr 309.60 
(41.87) 

228.1- 
467.4 

306.26 
(44.93) 

228.1-467.4 317.32 
(33.57) 

276.8-373.9 0.2084a 

ADi 
(mm) 

50.22 
(3.56) 

42.5- 57.2 51.59 
(2.96) 

45.8-57.2 47.07 
(2.78) 

42.5-53.1 0.0000b* 

AHO: acetabular horizontal offset, ADe: acetabular depth, ADr: acetabular depth ratio, Adi: acetabular diameter, SD: standard deviation 
N is the number of acetabulum 
a: Mann–Whitney U test; b: ttest 
*: significant at 0.05 

Baharuddin’s study (2018)6 of Malaysians, Paul’s study7 of 
Indians, and Arsic’s study8 of Serbians, in which no statis
tically significant difference was found in acetabular depth 
and index. The average size of the femoral head in our study 
was 43.54 ± 3.68 mm, which was not statistically differ
ent from Tran Trung Dung’s study (2019).4 Regarding the 
differences in this index between different ethnicities and 
genders, Edward reported in 2020 that there were statis
tically significant differences between ethnic groups, es
pecially between the Chinese and white European, white 
American, and African American populations.2,9‑11 In 
terms of the orientation angles of the acetabulum in space, 
we compared our results with those of other authors in the 
literature (Table 5). 
A particular structure of the acetabulum is the trans

verse acetabular ligament (TAL), which has been identified 
not only as a stabilizer of the hip joint but also as a guide 
for the placement of artificial acetabular components in to
tal hip replacement surgery. This was confirmed by Arch
bold in his studies in 200619 and 2008.20 Our study showed 
the inclination and anteversion angles of the TAL to be 47.7 

± 6.73 degrees and 9.49 ± 3.92 degrees, respectively. We can 
see the different when compare the TAL orientation angle 
in our study with previous studies in the Table 6. The dif
ference between males and females is shown in the Table 7. 
We can see that there is no difference in the inclination 

angle between our study and other studies worldwide 
(Table 7). However, there is a difference in the anteversion 
angle compared to other studies. Previous studies have in
dicated that the TAL plays a role in orienting the placement 
of artificial hip joints. Some studies have found that it is in
volved in the anteversion angle, while others have found it 
is involved in the inclination angle. In our study, we found a 
linear relationship between both the anteversion angle and 
the inclination angle of the TAL and acetabulum. Therefore, 
our study suggests that the TAL plays a role in orienting 
the placement of artificial hip joints for both the inclination 
and anteversion angles. 
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Table 3. Correlations amongst morphometric parameters of acetabulum.       

AIA AAA AAS SAA TALA TALI AHO ADe ADr ADi 

AIA 1 

AAA -0.034 1 

AAS 0.4465* 0.04 1 

SAA 0.3882* 0.2 0.3426* 1 

TALA -0.185 0.3981* -0.18 -0.2 1 

TALI 0.4670* -0.16 0.2624* 0.3453* -0.224 1 

AHO 0.087 -0.3011* -0.2502* -0.1 -0.107 0.1394 1 

ADe 0.006 -0.05 -0.15 -0.2 0.3481* 0.0072 0.1935 1 

ADr -0.007 0.15 -0.01 -0.1 0.3492* 0.0046 -0.154 0.8571* 1 

ADi -0.206 -0.3088* -0.3962* -0.2 -0.06 -0.12 0.5767* 0.118 -0.2586* 1 

AIA: acetabular inclination angle, AAA: acetabular anteversion angle, AAS: acetabular angle of sharp, SAA: sagittal acetabular angle, AHO: acetabular horizontal offset, TALA: transverse acetabular ligament anteversion, TALI: transverse acetabular ligament inclination, ADe: 
acetabular depth, ADr: acetabular depth ratio, Adi: acetabular diameter. 
*: significant at 0.05 
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Image 6. Determining the transverse acetabular ligament on MPR and measuring the angle of anteversion.              

Image 7. Determining the inclination angle of the transverse acetabular ligament.          

5. CONCLUSIONS 

Measuring the anatomical parameters of the hip joint 
and acetabulum is a critical step in preoperative planning 
for hip replacement surgery. This allows the surgeon to un
derstand the patient’s specific anatomical measurements 
and devise a plan for selecting appropriate tools and the 
best surgical strategy. The transverse acetabular ligament 
serves as a visible anatomical landmark during surgery and 
plays a significant role in guiding the placement of the arti
ficial acetabulum, ultimately resulting in the highest surgi
cal outcome. 
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Table 4. Correlations between body mass index and       
morphometric parameters of acetabulum.     

Body mass index 
(r: Pearson correlation coefficient) 

AIA -0.1823 

AAA -0.2928* 

AAS -0.2152 

SAA -0.3003* 

TALA 0.0741 

TALI 0.0571 

AHO 0.5340* 

ADe 0.221 

ADr -0.1005 

ADi 0.5183* 

AIA: acetabular inclination angle, AAA: acetabular anteversion angle, AAS: acetabular 
angle of sharp, SAA: sagittal acetabular angle, AHO: acetabular horizontal offset, TALA: 
transverse acetabular ligament anteversion, TALI: transverse acetabular ligament incli
nation, ADe: acetabular depth, ADr: acetabular depth ratio, Adi: acetabular diameter 
*: significant at 0.05 
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Figure 1. Several selected relationships between morphometric parameters of acetabulum: illustration with Scatterplots.            
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Table 5. Comparison of acetabular orientation angles in our study to previous studies.            

Angle Sex Our study Vietnam4 Malaysia6 Japan12 China13 Finland14 Malawian15 Korea16 Singapore17 Serbia8 India18 

AIA Male 39.82 
(5.56) 

38.6 
(3.8) 

- - - - - 40.5 
(3.6) 

- - - 

Female 41.31 
(3.73) 

38.8 
(4.3) 

- - - - 42.2 
(3.8) 

- - - 

AAA Male 12.61 
(4.48) 

16.3 
(7.1) 

14.81 
(5.45) 

14.3 
(5.2) 

20.46 
(7.48) 

17 
(6) 

- 17.3 
(5.2) 

- 21.86 
(5.54) 

18 
(6.1) 

Female 14.9 
(7.33) 

18.7 
(6.8) 

15.17 
(4.67) 

18.8 
(5.4) 

23 
(7) 

- 20.1 
(3.5) 

- 25.26 
(5.13) 

18.4 
(6.2) 

AAS Male 37.82 
(5.02) 

- 41.79 
(3.23) 

38.6 
(3.2) 

35.43 
(4.07) 

- 36.9 
(4) 

- 39.85 
(8.19) 

36.14 
(6.56) 

- 

Female 43.25 
(4.33) 

- 42.92 
(3.19) 

40.6 
(3.8) 

- 38.6 
(4.9) 

- 38.25 
(5.98) 

38.2 
(3.11) 

- 

SAA Male 24.92 
(8.98) 

- - - - - - - - - - 

Female 29.75 
(8.35) 

- - - - - - - - - 

ADe (mm) Male 19.08 
(3.14) 

25 
(2.2) 

16.17 
(1.51) 

- 27.1 
(2.6) 

- - 26 
(2.9) 

- - 2.5 
(0.8) 

Female 17.56 
(2.17) 

22.9 
(1.4) 

14.81 
(1.62) 

- - - 23.5 
(3.2) 

- - 2.5 
(0.6) 

AdR Male 306.26 
(44.93) 

487 
(43) 

- - - - - - - - - 

Female 317.32 
(33.57) 

482 
(2.4) 

- - - - - - - - 
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Table 6. Comparison of Tranverse acetabular ligament orientation angles in our study compared with previous              
studies.  

Angle Our 
study 

Archbold20 Inoue21 Idrissi22 Kailtes23 Deep24 Fukui25 Bouke26 

TALI 47.7 
(6.73) 

45.6 (3.2) 41.5 
(4.6) 

39.85 
(5) 

41 47.7 (6.23) 43.5 
(4.2) 

44 

TALA 9.49 
(3.92) 

23 (7.4) 26.5 
(8.9) 

16.9 (5) 18 11.23 
(8.28) 

18.2 
(7.2) 

19 

Table 7. The tranverse acetabular ligament orientation between male and female in our study.             

Current study 

TALA Male 9.93 (3.95) 

Female 8.48 (3.74) 

TALI Male 47.64 (6.46) 

Female 47.85 (7.51) 
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