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ABSTRACT 
Objective: The acetabular version is important both for the diagnosis of hip pathologies and in hip replacement surgery. This study aimed to present the acetabular 
version of the Turkish population and to determine the variation of the acetabular version according to pelvic and lumbar parameters.

Methods: A total of 300 patients with pelvic and spinal CT scans aged 20-80 years without lumbar, pelvic, and hip pathology or fractures were included. Bilateral 
acetabular version, anterior acetabular sector angle (AASA), and posterior acetabular sector angle (PASA) were measured on axial pelvic CT scans. The pelvic 
tilt, sacral slope, pelvic incidence, and lumbar lordosis were measured in spinal CT sagittal sections. Sagittal spinal alignment was typed according to Roussouly 
classification. The variation of the acetabular version according to demographic, pelvic, and lumbar parameters was determined.

Results: Acetabular measurements; mean acetabular version: 18.8±5.9, AASA: 65±8.9, PASA: 99.4±9.9. While there was no statistically significant difference in 
acetabular version measurements according to age and gender (p=0.766, p=0.087), anteversion was the same on both sides: 18.8±5 on the right and 18.8±6.7 
on the left (p=0.841). Mean pelvic tilt was 10.9±5.3, mean sacral slope was 41.1±7.5, mean pelvic incidence was 52±9.5 and all three measurements were 
significantly correlated with anteversion (respectively: p<0.001, p=0.017, p<0.001). Mean lumbar lordosis was 31.7±11.3 and it was significantly correlated with 
anteversion (p=0.001). An increase in anteversion was statistically significant according to the Roussouly classification (p=0.05).

Conclusion: The acetabular version is in a wide range, similar to that of the contralateral hip. Lumbar and pelvic parameters have positive correlations with 
acetabular anteversion.

Keywords: Acetabular version, lumbar lordosis, pelvic tilt, sacral slope, Roussouly classification

ÖZET

Amaç: Asetabular versiyon, hem kalça patolojilerinin tanısında hem de kalça protez cerrahisinde doğru komponent oryantasyonu için önemlidir. Çalışmamızda 
hem Türk toplumunun asetabular versiyonunun sunulması hem de pelvik ve lomber değişkenler karşısında asetabular versiyonun değişiminin belirlenmesi amaç-
lanmıştır.

Gereç ve Yöntem: Hastanemizde Ocak 2020-Ocak 2021 tarihleri arasında travma nedeniyle çekilen pelvik ve spinal BT’ler incelendi. Lomber, pelvik ve kalça pa-
tolojisi olmayan 20-80 yaş aralığındaki 300 hasta çalışmaya dahil edildi. Hastaların aksiyel pelvis BT kesitleri üzerinden bilateral asetabular versiyonu, anterior 
asetabular kısım açısı (AASA) ve posterior asetabular kısım açısı (PASA) ölçüldü. Hastaların spinal BT sagital kesitlerinden; pelvis tilt, sakral slop ve pelvik insidans 
ölçüldü. Omurga değerlendirmesi için Roussouly sınıflandırmasına göre tiplendirme yapıldı ve lomber lordoz ölçüldü. Asetabular versiyonun demografik verilere, 
pelvik ve lomber değişkenlere göre değişimi belirlendi.

Bulgular: Asetabular ölçümler; ortalama asetabular versiyon: 18.8±5.9, AASA: 65±8.9, PASA: 99.4±9.9 olarak bulundu. Asetabular versiyon ölçümlerinde; yaş ve 
cinsiyet değişkenine göre istatistiksel olarak fark gözlenmezken (p=0.766, p=0.087), taraf ölçümlerinde sağ: 18.8±5, sol: 18.8±6.7 anteversiyon olmak üzere aynı 
bulundu (p=0.841). Hastaların lomber lordozu 31.7±11.3 olup anteversiyon ile korelasyonu anlamlı bulundu (p=0.001). Pelvik tilt: 10.9±5.3, sakral slop: 41.1± 7.5 
ve pelvik insidans: 52±9.5 olup anteversion ile korelasyonu anlamlı bulundu (sırasıyla: p<0.001, p=0.017, p<0.001). Roussouly sınıflandırmasına göre tip arttıkça 
anteversiyonda artış gözlendi ve bu artış da istatistiksel olarak anlamlı idi (Tip 1: 14.9±5.1, Tip2: 18.3±5, Tip 3: 18.7±4.7, Tip4: 20.1±5.2, p=0.05).

Sonuç: Asetabular anteversiyon değeri beklenenden daha geniş bir aralıkta olup karşı kalça ile benzerdir. Lomber ve pelvik değişkenler asetabular anteversiyona 
doğrudan etkili olup pozitif korelasyon göstermektedir.  

Anahtar Kelimeler: Asetabular anteversiyon, lomber lordoz, pelvik tilt, pelvik insidans, sakral slop, Roussouly sınıflandırması.
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INTRODUCTION 

The acetabular version is important both in the diag-
nosis of hip pathologies and hip surgery. The abnor-
mal acetabular version has been associated with a 
variety of pathological hip conditions such as labral 
tears, femoroacetabular impingement (FAI), and hip 
osteoarthritis.1–4 Recognition and appropriate treat-
ment of abnormal acetabular version are crucial to 
prevent irreversible hip damage. Acetabular orien-
tation is of great importance in hip reconstruction 
surgery. Knowledge of the spatial orientation of the 
native acetabulum can prevent malposition of the 
acetabular component, which can lead to increased 
wear and instability in the case of total hip arthro-
plasty (THA).5, 6

The anatomical orientation of the acetabulum in the 
horizontal plane is called version, which is around 
20 degrees anteversion.7, 8 Acetabular anteversion is 
affected by many variables such as ethnic and epi-
demiological characteristics. The most well-known 
examples are the positive correlation of acetabu-
lar version with increasing age and higher values in 
women.9

The hip is in a dynamic and complex interaction with 
both the spine and the pelvis. Spinopelvic mobility is 
questioned more in the current literature and both 
lumbar, pelvic, and hip parameters change with the 
position of the patient. Adaptation processes are per-
formed from standing to sitting; the sacrum moves 
posteriorly, lumbar lordosis decreases, and acetabu-
lar anteversion increases.10 The position of the pel-
vis in the static position also affects the acetabular 
version, as does whether it is in antevert, neutral, 
or retrovert position. When the pelvis is retroverted 
(increased posterior pelvic tilt), the acetabular ver-
sion increases.11 Lumbar typing was defined by Rous-
souly and is used for lumbar evaluation.12 The effect 
of lumbar typing on the hip version is not clear. The 
supine position is frequently used both for diagnostic 
magnetic resonance imaging (MRI) position and for 
lateral surgical approach in hip arthroplasty. The ef-
fect of patients’ lumbar and pelvic parameters on the 
acetabular version will add innovation to the litera-
ture for measurements in CT in the supine position.

This study aimed to present the acetabular version 
of the Turkish population with the epidemiological 
variables and to determine the change of acetabular 
anteversion versus lumbar variables. 

MATERIAL – METHOD 

This retrospective, observational study was conduct-
ed in Kecioren Health Practice and Research Hospi-
tal, and ethical approval was obtained from the same 
hospital. We evaluated pelvic and spinal CT scans 
performed in our hospital between January 2020 
and January 2021. A total of 300 patients aged 20-
80 years without lumbar, pelvic, and hip pathology 
or fractures were included. Patients who have a hip 
fracture (n=4), vertebral fracture (n=4), and pelvic 
fracture (n=2) were excluded from the study. Bilateral 
acetabular version, anterior acetabular sector angle 
(AASA), and posterior acetabular sector angle (PASA) 

Figure 1. Acetabular measurements; right acetabulum: angle between 
blue lines is acetabular version (red line: horizontal line joining the 
posterior margins of both acetabula), left acetabulum: ASA and PASA 
measurements

were measured on axial pelvis CT scans (Figure 1). 
CT acetabular version measurement technique; axial 
cut extending through the center of a best-fit circle 
on the central coronal reconstructed cut (inset im-
age) was used to calculate the equatorial acetabular 
version. The acetabular version angle between a line 
drawn tangential to the anterior and posterior walls 
of the acetabulum and a horizontal line joining the 
posterior margins of both acetabuli.13 The angle from 
the perpendicular axis was obtained by subtracting 
this angle from 90°. The AASA and PASA were mea-
sured in the equatorial plane in the axial plane sec-
tions, just as Anda et al. had performed.14 The AASA 
measurement is the measurement of the angle be-
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tween a line connecting the anterior acetabular mar-
gin, the center of  the femoral head, and intercapital 
centerline; and PASA ise the measurement of the 
angle between a line connecting posterior acetabu-
lar margin, the center of the femoral head, and the 
intercapital centerline. 

Pelvis tilt, sacral slope, and pelvic incidence were 
measured on spinal CT sagittal sections.15 Spine typ-
ing was done according to Roussouly classification 
and lumbar lordosis was measured.12, 14 The change 
of acetabular version according to demographic 
data, pelvic and lumbar parameters was determined.

All measurements were performed on CT scans by 
three different surgeons. Each surgeon measured the 
radiographs in sequence three times.

Statistical analysis 

Data obtained in the study were analyzed statisti-
cally using SPSS v.22 software, and at a confidence 
interval of 95%. Qualitative data were stated as 
frequency distribution and quantitative data were 
stated as mean, minimum, and maximum values. 
Inter-observer and intra-observer reliability analysis 
of the continuous variables was performed with the 
intraclass correlation coefficient and 95% confidence 
interval. Interpretation of the data was performed, 
according to Koo and Li. 15 Kappa statistics were used 
to establish a relative level of agreement on the cat-
egorical variables. Interpretation of the data was per-
formed according to Landis and Koch.16 Agreement 
was graded as slight (κ = 0–0.2), fair (κ = 0.21–0.40), 
moderate (κ = 0.41–0.60), substantial (κ = 0.61–
0.80), and almost perfect (κ = 0.81–1). Compliance 
of the variables included in the analysis with normal 
distribution was analyzed with the Kolmogorov–
Smirnov test. Mann-Whitney and ANOVA tests were 
respectively used for comparison between acetabu-
lar parameters and demographic variables. Pearson 
correlation test (r values) was used for correlation 
between parameters. Correlation between acetab-
ular parameters with lumbar and pelvic measure-
ments was evaluated with the Mann–Whitney U 
test. As the acetabular parameters in the Roussouly 
classification were applied with the Mann Whitney 
and Kruskal Wallis tests. The statistical significance 
value was accepted as p<0.05.

a

RESULTS

The mean age of the patients was 43±17.8 (20-86), 
82 female and 218 male (F/M:1/2.5). Demographic 
parameters and radiographic measurements (the 
mean of Observer A, Observer B, and Observer C) 
are presented in Table 1. The measurements of the 
observers and the inter-observer reliability were giv-
en in Table 2. The results of the measurements were 
as follows; mean acetabular version was 18.8±5.9 
(range: 6-34), AASA: 65±8.9 (range: 39-91), PASA: 
99.4±9.9 (range: 75-119) (Figure 2). While there was 
no statistical difference in acetabular version mea-
surements according to age and gender (p=0.766, 
p=0.087), it was the same anteversion value for the 
side as 18.8±5 for the right and 18.8±6.7 for the left 
(p=0.841). Acetabular measurements values accord-
ing to gender, age, or side groups are presented in 
Table 3. 

Patient

Age 43±17.8 (20-86)

Gender (Female/Male) 82/218

Acetabular anteversion 18.8±5.9 (6-34)

AASA 65±8.9 (39-91)

PASA 99.4±9.9 (75-119)

Lumbar lordosis 31.7±11.3 (2-72)

Sacral slop 41.1± 7.5(20-60)

Pelvic tilt 10.9±5.3 (2-33)

Pelvic incidence 52±9.5 (26-87)

Roussouly classification

    Type 1/ 2/ 3/ 4 12/19/75/44

Table 1: Demographic and radiological measurements 

Figure 2. Acetabular measurements
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                                        Interobserver reliability

Observer A Observer B Observer C Intraclass correlation 
coefficient or Kappa

Interpretation

Acetabular anteversion 18.73±5.4 18.89±5.3 18.78±5.6 0.961 (0.953-0.968) Perfect

AASA 64.45±8.8 65.21±8.9 65.26±9.2 0.940 (0.928-0.951) Perfect

PASA 99.9±9.7 99.3±9.9 98.5±10.1 0.917 (0.907-0.929) Perfect

Lumbar lordosis 32.1±11.5 31.6±11.3 31.4±11.1 0.984 (0.957-0.994) Perfect

Sacral slop 40.2± 7.7 41± 7.6 41.4± 7.6 0.954 (0.923-0.979) Perfect

Pelvic tilt 11.4±5.8 10.8±5.3 10.6±5.7 0.988 (0.981-0.997) Perfect

Pelvic incidence 51±9.7 53.1±9.1 52.2±9.5 0.977 (0.957-0.994) Perfect

Roussouly classification
Type 1/ 2/ 3/ 4

12/19/75/44 12/19/75/44 12/19/75/44 1.000 Perfect

Table 2. Variation according to acetabular measurements and demographic data

Acetabular version AASA PASA

Patients Mean Std p Mean Std p Mean std p

Total 150 18.8 5.9 65 8.9 99.4 9.9

Age

    <40 71 18.4 4.6 63.4 8.3 97.4 9.6

     40-60 46 19.5 7 0.866 65.4 7.6 0.008 100 9.5 0.000

    >60 33 18.5 6.7 67.8 11.1 103 10.1

Gender

 Female 31 19.4 5.4 63 8.8 100 8.7

    Male 119 18.6 6.1 0.087 65.5 8.9 0.020 99.2 10.2 0.427

Side

    Right 150 18.8 5 65.6 8.9 100.4 9

    Left 150 18.8 6.7 0.841 64.4 9 0.181 98.5 10.7 0.087

Table 3. Variation according to acetabular measurements and demographic data

Lumbar lordosis Pelvic tilt Sacral slop Pelvic incidence

P değeri R değeri P değeri R değeri P değeri R değeri P değeri R değeri

Acetabular version 0.001* 0.262 <0.001* 0.521* 0.017* 0.194 <0.001* 0.388

ASAA 0.234 -0.098 <0.001* -0.304 0.234 -0.96 0.002* -0.246

PASA 0.013* 0.203 <0.001* 0.319 0.054 0.157 <0.001* 0.303

Table 4. Correlation of the lumbar parameters and acetabular version

Tip 1 Tip 2 Tip 3 Tip 4 p

mean sd mean sd mean sd mean sd

Acetabular anteversion 14.9 5.1 18.3 5 18.7 4.7 20.1 5.2 0.05*

AASA 65 9.8 68.5 8.3 65.4 9.5 64.8 7.8 0.460

PASA 94.1 7.3 101.8 10 99.4 7.7 103.3 10.2 0.015*

Table 5: Acetabular measurements according to the Roussouly classification
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Pelvic measurements are as follows; pelvic tilt was 
10.9±5.3 (range: 2-33), the sacral slope was 41.1±7.5 
(range: 20-60), and the pelvic incidence was 52±9.5 
(range: 26-87) There was a significant correlation be-
tween anteversion and pelvic tilt, sacral slope, pelvic 
incidence (respectively: p<0.001, p =0.017, p<0.001). 
Lumbar lordosis and anteversion distribution are 
shown in Figure 3.

Lumbar lordosis of the patients was 31.7±11.3 (range: 
2-72) and there was a significant correlation with ac-
etabular anteversion (p=0.001, R value:0.262). Lum-
bar lordosis and anteversion distribution are shown 
in Figure 4. Correlation analyses between acetabu-
lar anteversion and lumbar or pelvic parameters are 
presented in Table 4. According to Rousouly classi-
fication; 12 patients were type 1, 19 patients were 
type 2, 75 patients were type 3 and 44 patients were 
type 4 patients. Acetabular measurements according 
to the Roussouly classification Type 1: 14.9±5.1, Type 
2: 18.3±5, Type 3: 18.7±4.7, and Type 4: 20.1±5.2 
(Table 5). Increasing in anteversion was statistically 
significant (Figure 5).

DISCUSSION

The acetabular version is important in both arthro-
plasty surgery and the etiology of hip diseases. In 
our study, the acetabular version was measured and 
it was aimed to determine the change of acetabular 
anteversion versus pelvic and lumbar parameters. 
The acetabular version has a relatively wide range, 
from 2 to 30, but is affected by both pelvic and lum-
bar variants.

Measurement of the acetabular version with CT pro-
vides more sensitive results than radiography, and 
Dandachii et al. also found that 3D CT measurements 
are more sensitive.18 In determining the acetabular 
version with CT, the section where the measurement 
is made is important, the version value increases in 
measurements towards the caudal. For correct mea-
surement, the assessment should be made in the 
cross-section where the center of the femoral head 
is seen. Hitschke et al. showed that measurements 
made at a distance of 14 mm from the center in-
cluded high sensitivity and specificity.19 In dysplastic 
hips, the cross-section where the measurement will 
be made is different; various measurement methods 
have been described.14

Although the acetabular version is accepted as 20 
degrees, variables studies presented different values   
and ranges; Perreira et al. 21.3 ± 5.8, Wassilew et 
al. 18.0 ± 4.7, Tannenbaum et al17 ± 9 antevert.20-22 
The incidence of the retroverted acetabulum is con-
troversial; ranging from 0 to 7% have been reported 
in the literature. Tannenbaum et al. found the inci-
dence of retrovert acetabulum to be 0% and they 
emphasized the level of measurement in the study. 
The retroverted acetabulum was not seen in our 
study either. Perhaps the incidence of the retrovert-

Figure 3. Distribution of acetabular anteversion and pelvic tilt 
measurements

Figure 4. Distribution of acetabular anteversion and lumbar lordosis 
measurements

Figure 5. Acetabular anteversion according to Roussouly classification
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ed acetabulum can be considered as <1%. In our re-
sults, the version value showed a high similarity with 
the contralateral hip and the non-pathological hip 
can be used for the version in patients. In bilateral 
CT measurements, the cross-section to be measured 
for the right or left acetabulum may be different. 
For correct version measurement, the center of the 
femoral head associated with the acetabulum to be 
measured should be considered.

The acetabular version is critical for successful re-
sults in hip arthroplasty. Correct placement of the 
acetabular component is required for successful 
long-term results in arthroplasty. In the absence of 
appropriate acetabular placement, an increase in 
early loosening and dislocation rates is observed.23 
For the position of the acetabular component, Reik-
erås et al. reported the target zone of the 10°–30° 
version.24 According to Lewinneck, the safe zone of 
the acetabular component is 5°–25° anteversion and 
30°–50° inclination in radiographic measurements 
with manual techniques.25 However, to determine 
anteversion in hip arthroplasty, the patient’s history 
(trauma, dysplasia), ethnic and demographic charac-
teristics should be questioned, especially the lumbar 
and pelvic parameters of the patients should also be 
examined. William et al. found tilt-adjusted acetabu-
lar surgery to be more stable than the classical Le-
winneck safe zone.26 Acetabular inclination/version 
has been suggested as 40/20 in case of neutral pelvic 
tilt, 47/34 in posterior pelvic tilt, and 38/9 in case 
of anterior pelvic tilt.27 In this suggestion, especially 
the change in version compared to inclination stands 
out.

The hip is in a dynamic and integrative movement 
with both the spine and the pelvis. Hip diseases are 
affected by sagittal spine balance and spine patholo-
gies. Recent studies have also shown a relationship 
between lordosis and hip pathologies.28 A radio-
graphic study designed to evaluate FAI within the 
context of the lumbosacral junction.29 Therefore, 
lumbar spine variables may also affect hip surgery 
outcomes. In patients with a history of lumbar fu-
sion surgery, more dislocations are observed in the 
long-term after hip arthroplasty.30 Increased com-
plications can be expected after hip arthroplasty in 
patients with a history of spine surgery.31 Our study 

examined the relationship between the lumbar 
spine and hip joint through the acetabular version. 
Although there was a significant increase in the hip 
version with the increase in Roussouly classification, 
a correlation was observed between lumbar lordosis 
and the acetabular version. We recommend know-
ing the lumbar typing and lordosis in the planning of 
primary hip arthroplasty surgery. 

Limitation

This study has some limitations. The first limitation 
is that this study included participants in a certain 
region. Another limitation is that the measurements 
are made only with supine CT, they do not include 
external radiological imaging methods and dynamic 
evaluations are not performed. However, the mea-
surements were planned and standardized under the 
literature and were made by three orthopedics and 
traumatology doctors.

CONCLUSION

The acetabular anteversion value is in a wide range, 
similar to that of the contralateral hip, and does not 
vary with age and gender. Lumbar and pelvic param-
eters have positive correlations with acetabular an-
teversion.
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