Check for
updates

Clinics in Orthopedic Surgery 2023;15:567-573  https://doi.org/10.4055/cios22350

Original Article

Acetabular, Femoral, and Combined Anteversion
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Background: The purpose of this study was to investigate the femoral, acetabular, and combined anteversion of the hip joint in
South Koreans using computed tomography (CT).

Methods: We measured anteversion using CT venograms taken from 2016 to 2020. Of the total 1,073 patients, 952 patients were
included in the study except for those with pelvic fractures, previous femoral fractures, childhood hip joint disease, osteoarthritis,
or hip dysplasia (lateral center-edge angle, < 20), foreigners, and hip and knee replacement patients. Measurements were taken
twice by two orthopedic surgeons.

Results: The femoral anteversion in women was 10.64° + 10.26° (< 49 years), 15.75° + 9.40° (50-59 years), 10.81° £ 9.14° (60-69
years), 12.38° + 8.55° (70—79 years), and 11.23° + 8.44° (> 80 years). The femoral anteversion in men was 12.02° + 11.38° (< 49
years), 10.62° + 9.11° (50-59 years), 6.09° + 9.95° (60-69 years), 6.57° + 9.51° (70-79 years), and 5.53° + 9.29° (> 80 years). The
acetabular anteversion in women was 17.65° + 6.58° (< 49 years), 19.24° + 6.42° (50-59 years), 20.30° + 6.25° (60-69 years),
22.38° + 7.36° (70-79 years), and 23.34° + 6.98° (> 80 years). The acetabular anteversion in men was 15.21° + 8.14° (< 49 years),
17.68° + 6.00° (50-59 years), 17.54° + 5.93° (60—69 years), 18.68° + 6.62° (70—79 years), and 18.19° + 6.94° (> 80 years). The
combined anteversion in women was 28.29° + 14.30° (< 49 years), 34.99° + 10.62° (50-59 years), 31.11° + 11.52° (60-69 years),
34.76° + 10.86° (70—79 years), and 34.57° + 11.45° (> 80 years). The combined anteversion in men was 27.23° + 15.11° (< 49 years),
28.30° + 11.23° (5059 years), 23.63° + 11.77° (60-69 years), 25.25° + 12.02° (70-79 years), and 23.72° + 11.88° (> 80 years).
Conclusions: Femoral anteversion tended to decrease with age in men and acetabular anteversion tended to increase in both
men and women. Combined anteversion showed a tendency to increase slightly in women.
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The osseous structures that make up the hip joint are the
femoral head and the acetabulum. Bone including the
proximal femur and soft tissues such as ligaments and
muscles contribute to hip joint stability. The orientation
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and torsion of both femur and acetabulum affect not only
the function and range of motion of the native hip joint
but also pathologic conditions such as osteoarthritis and
femoroacetabular impingement."

Acetabular version refers to the angle between either
a central horizontal line connecting the anterior and pos-
terior walls or the averaged opening plane of the acetabu-
lum to the sagittal plane.” Average acetabular anteversion
has been reported to range from 16° to 21°.>*” Femoral
version is the angular relationship of the proximal femoral
head and neck axis to the distal femoral transcondylar
axis.” In adults without pathology, previous literature re-
ported that femoral anteversion is usually between 15° and
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20° in the frontal plane of the body.

McKibbin'" first proposed the concept that the
stability of the hip joint is determined by the sum of the
femoral and acetabular anteversion in a study of infant
cadavers. A combined anteversion also determines the sta-
bility and wear characteristics of the replaced joint and ul-
timately affects the longevity of a total hip replacement.'"”
Studies on the femoral and acetabular version of the hip
joint without disease in adult Koreans have been rarely re-
ported.” The purpose of this study was to investigate the
femoral, acetabular, and combined anteversion of the hip
joint in South Koreans using computed tomography (CT).

METHODS

This study was approved by the Institutional Review Board
of Daegu Fatima Hospital (No. DFE2022-09-004), which
waived informed consent.

From 2016 to 2020, a total of 1,073 lower extremity
computed tomography (CT) venograms were taken in our
hospital. A CT venogram was taken to evaluate deep vein
thrombosis before surgery in patients with hip fractures
and to identify the cause of lower extremity swelling or
edema in non-traumatic patients. Patients who had pelvic
fractures, previous femoral fractures, childhood hip joint
disease, or hip dysplasia (lateral center-edge angle, < 20),
foreigners, those with osteoarthritic changes such as osteo-
phytes in the femoral head or in the acetabular edge, and
hip and knee replacement patients were excluded. Except
for the above-mentioned patients, 952 patients were en-
rolled and their CT venograms were retrospectively ana-
lyzed. There were 453 women and 499 men. Among the
453 women, 38 were under the age of 49 years, 59 in their
50s, 135 in their 60s, 116 in their 70s, and 105 in their 80s
or more. Among the 499 men, 87 were under the age of 49
years, 91 in their 50s, 117 in their 60s, 108 in their 70s, and
96 in their 80s or more (Table 1). The CT scans were per-

Table 1. Basic Demographics of Current Study

Age (yr) Female (n = 453) Male (n = 499)
<49 38 87
50-59 59 9
60-69 135 117
70-79 116 108
>80 105 96

formed using a 128 channel Siemens Somatom Definition
flash (Siemens Healthineers, Erlangen, Germany). The
patients remained in a supine and straight position during
the scan. The image used in this study had a slice thickness
of 5 mm.

Jamali et al.” described the acetabular version as
cranial, central, and caudal and we measured the central
version in the current study. Acetabular and femoral ver-
sions were measured by previously described methods."*"”
To measure the acetabular anteversion, the image passing
the center of the femoral head was selected. The acetabu-
lar anteversion was measured by the following method.
A line connecting both ischial spines was drawn and an-
other line was drawn perpendicular to the first line along
the acetabular posterior edge. Then, a line connecting the
acetabular anterior and posterior edges was drawn. The
angle between the second and third lines was defined as
the acetabular anteversion (Fig. 1).

Femoral version was measured using the Weiner
method. We selected two images that showed the widest
femoral neck and both condyles of the distal femur. A line
connecting both posterior condyles of the distal femur was
drawn and another line passing through the center of the
femoral neck was drawn. The angle between the two lines
was determined as femoral version (Fig. 2). Combined an-
teversion was determined as the sum of the acetabular and
femoral versions.

Two orthopedic surgeons (JS and SK) indepen-
dently performed measurements of femoral and acetabu-
lar versions twice with an interval of 1 week. The average
value of the four measurements was used in this study.
The unaffected side was measured in hip fracture patients,

Fig. 1. Computed tomography through the center of the femoral head.
Line A is a line connecting both ischial spines. Line B is a perpendicular
line to line A. Line C is a line connecting the acetabular anterior and
posterior edges. The angle between line B and lines C was defined as the
acetabular anteversion.



569

Cho et al. Native Hip Version in South Koreans

Clinics in Orthopedic Surgery * Vol. 15, No. 4, 2023 « www.ecios.org

Fig. 2. (A) Computed tomagraphy through the posterior femoral condyle of the distal femur. Line A is the line connecting both posterior condyles. (B)
Computed tomography through the widest femoral neck. Line B is a parallel line of line A. Line C is a line passing through the center of the femoral

neck. The angle between line B and C is femoral version.

Table 2. Intraclass Correlation Coefficient of Each Measurement

Intraclass
Measurer Version correlation
coefficient
Intra-measurer 1 Femoral version 0.97
Acetabular version 0.970
Intra-measurer 2 Femoral version 0.978
Acetabular version 0.960
Inter-measurer, 1st measure Femoral version 0.983
Acetabular version 0.969
Inter-measurer, 2nd measure  Femoral version 0.971
Acetabular version 0.962

Table 3. Femoral Anteversion (°)

Age (yr) Female (n = 453) Male (n = 499) p-value
<49 10.64 +10.26 12.02+11.38 0.525
50-59 15.75+9.40 10.62 +9.11 0.001
60-69 10.81+9.14 6.09+9.95 <0.001
70-79 12.38 + 8.55 6.57 +9.51 <0.001
>80 11.23+8.44 553+9.29 <0.001

Values are presented as mean + standard deviation.

and measurers randomly selected and measured one side
in the non-traumatic patient group. An intraclass correla-
tion coefficient (ICC) was obtained to check interobserver
and intraobserver reliability. Based on the 95% confidence
interval of the ICC estimate, values less than 0.5, between
0.5 and 0.75, between 0.75 and 0.9, and greater than 0.90
are indicative of poor, moderate, good, and excellent reli-
ability, respectively.”

Mann-Whitney U-test was used for continuous

Table 4. Acetabular Anteversion (°)

Age (yr) Female (n = 453) Male (n = 499) p-value
<49 17.65+6.58 15.21+8.14 0.106
50-59 19.24 +6.42 17.68 +6.00 0.132
6069 20.30 +6.25 17.54+593 <0.001
70-79 22.38 +7.36 18.68 + 6.62 <0.001
>80 23.34+6.98 18.19+6.94 <0.001

Values are presented as mean + standard deviation.

variables. Statistical significance was accepted if the p-
value was < 0.05. We used the literature of Schober et al."”
for the interpretation of the r-value. According to the lit-
erature, a coefficient of < 0.1 indicates a negligible correla-
tion and 0.10 to 0.39 is interpreted as a weak correlation. A
simple regression analysis was performed to identify cor-
relation values. Data analysis was performed using IBM
SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Table 2 shows the ICCs related to inter-measurer and
intra-measurer reliability. The femoral anteversion angle
in women was 10.64° £ 10.26° (< 49 years), 15.75° + 9.40°
(50-59 years), 10.81° £ 9.14° (60-69 years), 12.38°+ 8.55°
(70-79 years), and 11.23° £ 8.44° (= 80 years). The femoral
anteversion angle in men was 12.02° £ 11.38° (< 49 years),
10.62° + 9.11° (50-59 years), 6.09° + 9.95° (6069 years),
6.57° + 9.51° (70-79 years), and 5.53° = 9.29° (> 80 years)
(Table 3).

The acetabular anteversion angle in women was
17.65° + 6.58° (< 49 years), 19.24° + 6.42° (50-59 years),
20.30° + 6.25° (60-69 years), 22.38° + 7.36° (70-79 years),
and 23.34° £ 6.98° (= 80 years). The male acetabular an-
terior angle was 15.21° + 8.14° (< 49 years), 17.68° + 6.00°
(50-59 years), 17.54° £ 5.93° (60-69 years), 18.68° * 6.62°
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(70-79 years), and 18.19° + 6.94° (> 80 years) (Table 4).
The combined anteversion in women was 28.29° +

14.30° (< 49 years), 34.99° £ 10.62° (50-59 years), 31.11°

+ 11.52° (60-69 years), 34.76° + 10.86° (70-79 years), and

Table 5. Combined Anteversion

Age (yr) Female (n = 453) Male (n = 499) p-value
<49 28.29+14.30 27.23£15.11 0.714
50-59 34.99 +10.62 28.30 £11.23 <0.001
60-69 31.11£11.62 23.63+11.77 <0.001
70-79 34.76 + 10.86 25.25+12.02 <0.001
>80 3457+ 11.45 2372+11.88 <0.001
Values are presented as mean + standard deviation.
Male
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Fig. 3. Femoral version of all patients according to age and sex.
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Fig. 4. Acetabular version of all patients according to age and sex.

34.57° + 11.45° (= 80 years). The combined anteversion in
men was 27.23° £ 15.11° (< 49 years), 28.30° + 11.23° (50-
59 years), 23.63° £ 11.77° (60-69 years), 25.25° + 12.02°
(70-79 years), and 23.72° + 11.88° (= 80 years) (Table 5).
Figs. 3-5 show the distribution of all patients’ data.

DISCUSSION

The hip joint is a complex ball and socket joint consisting
of the femoral head and acetabulum. Detailed anatomy of
the hip joint is important for the diagnosis and treatment
of pathology. The version of the acetabulum and proximal
femur plays the most important role in the primary os-
seous stability of the hip joint. Table 6 has shown varying
ranges of femoral and acetabular versions according to
race, gender, and country."">"** There is one study on
the femoral and acetabular versions assessed in a small
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Fig. 5. Combined version of all patients according to age and sex.

Table 6. Acetabular and Femoral Version in Previous Reports
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Study Nation Number
Reikeras et al. (1983)" Norway 47
Maheshwari et al. (2010 India 86
Buller et al. (2012 USA 15
Jiang et al. (2015)" China 466
Klasan et al. (2019)? Germany 404
Kim et al. (2019)" South Korea 232
Yamatani et al. (2021)" Japan 245

This study South Korea 952 (F: 453, M: 499)

9.8+99(F:11.9+£9.2, M:7.9+10.1)

Femoral version (°) Acetabular version (°)

137 17+6
8(6.5-10.0) 19(16-22)
47+78(Lt), 45+85(Rt) 26.4 £6.1(Lt), 26.9+ 5.8 (Rt)
10.62 18.79
M:14.3+5.2,F:19.31 +5.04
M:5.3+7.6(Rt), 1.5+9.2 (Lt) M: 15.3 + 6.1 (Rt), 15.3 + 6.6 (Lt)
F:10.3+82(Rt), 7.9+8.2(Lt) F:16.8 £5.4 (Rt), 16.3 £5.8 (Lt)

M:143+52,F 188+5.4
192+72(F:212+7.1,M:175+6.8)

Values are presented as mean (range) or mean + standard deviation.
Lt: left, Rt: right.

number of relatively young South Koreans." We measured
a total of 952 Korean people without hip joint problems
using CT images. To the best of our knowledge, there has
been no report based on such a high number of cases in
Korean people with a wide range of ages.

The degree of acetabular opening in the sagittal
plane is acetabular version, which is usually in anterior
direction. However, focal or global acetabular retroversion
is associated with hip joint pathology including femoro-
acetabular impingement, labral tear, chondral damage or
osteoarthritis.*” Previous studies reported a wide range of
acetabular versions from 14.3° + 5.2° to 26.9° + 5.8°."*'%"**?
In the present study, acetabular version showed a tendency
to increase with age, which was more prominent in wom-
en. In people 60 years or older, there was also a statistically
significant difference between men and women. Although

the exact cause of this could not be found, the authors as-
sumed that the cause was the decrease in lordosis of the
lumbar spine, which is more prominent in women with
increasing age. It was thought that decreasing lordosis of
the lumbar spine would increase acetabular version while
rotating the pelvis posteriorly. The fact that various reports
have reported wide ranges of acetabular versions is also
thought to be based on the various ages of the study sub-
jects.

Femoral version is the angular relationship of the
proximal femoral head and neck axis to the distal femoral
transcondylar axis.” It is known that the femoral version
is about 30° at birth and then decreases as we grow up to
about 15° in adulthood.?” However, our study showed
slightly different results. In women, the mean femoral ver-
sion was in the range of about 10° to 15° with a wide range
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of standard deviations. In men, the mean femoral version
was in the range of about 5° to 10° and had a wide range
of standard deviations. Femoral version was higher in
women than in men as in previous studies.*”” It is known
that growth plate fusion occurs at an earlier age in women
than men; therefore, a shorter growth period could be a
cause of the higher femoral version in women.” In par-
ticular, the femoral version showed a weak positive corre-
lation with age in men (r = 0.222, p = 0.049). This is a new
finding from our study suggesting that femoral version
changes are over after growth and we could find only one
report in the English literature related to this phenom-
enon.”” Tt seemed to decrease in women, but no statistical
significance could be found (r = 0.046, p = 0.325). During
the skeletal growth, torsional deformation will occur for
the following reasons: since the epiphyseal plate is least re-
sistant to torsion, a torsional load will lead to a rotational
deflection of the growth columns around the circumfer-
ence of the epiphyseal plate.” After skeletal maturity,
habitual position during daily activity changes in the soft
tissue surrounding the hip, shortening the hip joint cap-
sule and muscles on one side and lengthening the hip joint
capsule and muscles on the other side. These asymmetri-
cal changes in soft tissue around the hip will likely create
uneven torsional forces placed on the femur.””

A combined anteversion is a sum of the femoral and
acetabular anteversion. It determines the stability and wear
characteristics of the replaced joint and ultimately affects
the longevity of total hip replacement.””"” In the current
study, combined anteversion showed distinct differences
between men and women. In other words, there was no
significant difference between men and women under the
age of 49 years but a significant difference over the age of
50 years. Combined anteversion in men did not show sig-
nificant changes with age (r = 0.097, p = 0.009). However,
in women, it showed a weak tendency to increase with age
(r=0.127, p = 0.007). In a previous study, men had lower
combined anteversion than women (29.6° vs. women
33.5°).” A finite element study of THA investigated com-
bined anteversion to find an optimal combination to avoid
impingement and concluded it was 37.3°.*” Another study

reported that the combined anteversion with computer
navigation was within the safe zone of 25° to 50°.”" As
shown in this study, individual combined anteversion
showed a very diverse range, so it is thought that it would
be useful to measure the native combined anteversion of
patients before total hip replacement to avoid impinge-
ment and dislocation.

Our study has several limitations. The first is that as
this study was conducted in a relatively small population
who visited a single institution, it may be less represen-
tative than that of a nationwide multicenter study. The
second is that despite independent measurement by the
two experienced measurers, measurement errors cannot
be completely excluded. In addition, we did not consider
body laterality, body mass index, height and weight, and
spinal disorders such as degenerative kyphosis or scoliosis,
which may affect the acetabular and femoral geometry. Al-
though more than 900 patients were included in this study,
it is difficult to generalize the results because the number
of patients in each age group is small. This is an area that
needs to be clarified through further studies in the future.
However, to the best of our knowledge, our study is the
first report about femoral, acetabular, and combined ante-
version with a large number of cases among Korean people
with a wide range of ages.

In conclusion, femoral anteversion tended to de-
crease with age in men and acetabular anteversion tended
to increase in both men and women. Combined antever-
sion showed a tendency to decrease slightly with age in
men and increase in women.
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