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Background: Hip osteoarthritis is associated with an aging population with the average total hip
arthroplasty patient in the U.S. approximately 65 years of age. Although there is an association between
femoroacetabular impingement and early arthritis, there is a paucity of data attributed to variation in
native acetabular version and early onset osteoarthritis. We investigated that whether patients with
relative acetabular retroversion are predisposed to earlier hip osteoarthritis.
Methods: Five hundred sixteen charts of patients undergoing THA by a single surgeon between March
2018 and May 2022 were reviewed (221 male and 295 female subjects; mean age 66.7 years [standard
deviation (SD) 9.8]). Patients with advanced dysplasia, who are post-traumatic, septic, have inflamma-
tory arthritis, and osteonecrosis were excluded. Operative hip anteversion was measured using three-
dimensional computed tomography. A univariate analysis was used to correlate the age of male and
female subjects with anteversion angles of �15� and >15�. The effect of age and gender on version angle
was studied using a multivariate linear regression model.
Results: In patients with anteversion �15�, both male (P ¼ .006) and female subjects (P ¼ .015) presented
at significantly lesser age (male: 98, avg. age: 63.7, SD: 8.7; female: 62, avg. age: 64.8, SD: 9.8) than those
with anteversion >15� (male: 123, avg. age: 67.2, SD: 10.2; female: 233, avg. age: 68.2, SD: 9.8). Male
subjects had lower anteversion than female subjects with age held constant (P < .001), and older patients
had increased anteversion with gender held constant (P < .001).
Conclusions: This study suggests that patients with a relatively decreased version angle (�15�) are more
likely to present with earlier-onset symptomatic hip osteoarthritis.
© 2024 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Osteoarthritis (OA) is the thirdmost common diagnosis made by
general practitioners in older patients [1]. The prevalence of hip OA
is continuously rising due to an aging population and obesity, with
the average total hip arthroplasty (THA) patient in the United States
approximately 65 years of age [2]. Although the etiology of primary
OA of the hip is not fully understood, several research studies have
suggested a relationship between abnormal hip biomechanics and
hip OA, particularly in terms of femoral neck anteversion, acetab-
ulum anteversion (AA), developmental dysplasia of the hip, and
femoroacetabular impingement [3-14]. It has been stipulated that
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the posterior and superior aspects of the acetabulum are subject to
high loads during activities of daily living and normal gait [15]. In a
patient with a lesser degree of AA, the posterior acetabulum is
relatively deficient, leading to higher contact stresses on the pos-
terior cartilage, which could result in expedited wear [16]. A ret-
roverted acetabulum can also cause impingement between the
anterior femoral neck and anterior edge of the acetabulum, causing
symptoms such as decreased range of motion and pain [16]. While
there are several studies having reported AA among different racial
and ethnic groups, little attention has been given to the association
between age and acetabular versiondparticularly, how this may
contribute to osteoarthritic change at an earlier age [17-21]. Our
hypothesis suggests that patients with relative acetabular retro-
version are predisposed to earlier presentation with symptomatic
hip OA. Furthermore, we aim to investigate any potential disparities
between female and male patient populations.
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Material and methods

This is a retrospective observational study with institutional
review board approval conducted at a single institution, evaluating
patients who underwent primary THAs for end-stage OA. All pa-
tients had computed tomography (CT) scans completed as part of
their standard preoperative preparation for a robotically assisted
THA. Each patient was under the care of a single senior surgeon
(L.P.) between March 2018 and May 2022, and only patients with
primary OA of the hip that went on to THA met inclusion criteria.
Patients were excluded if their CT scan was inadequate for deter-
mining acetabular anteversion or if their pathology was secondary
to other etiology such as advanced dysplasia (Crowe 3 or 4), post-
traumatic arthritis, septic arthritis, osteonecrosis, or inflammatory
arthritis. After exclusions, 516 CT scans (221 male and 295 female
subjects) were selected for further analysis.

The date upon which THA surgery was conducted was used as a
surrogate timeline marker for the patient’s age at clinical presen-
tationwith symptomatic hip OA. The categorical parameters for the
acetabular version (�15� and >15�) were determined based on
historical studies that described currently accepted anatomic
norms [5,22].

Acetabular anteversionwas measured on the axial plane using a
method proposed by Kim et al. [23]. First, the deepest part of the
acetabulum was identified. This was typically where the medial
wall of the acetabulum ismostmedial and often correlatedwith the
CT cut showing the largest diameter of the femoral head. Another
indicator is when the anterior acetabular wall showed congruence
with the femoral head. A primary line was drawn horizontally
through the apex of corresponding posterior walls, and a secondary
line was drawn tangential to and connecting the apices of the
anterior and posterior walls of the hip in question (Fig. 1a and b).
The version angle was measured between a line perpendicular to
the primary horizontal line connecting the bilateral posterior walls
and the secondary line connecting the ipsilateral posterior and
Figure 1. (a) Acetabular anteversion is measured on the orthogonal axial plane be-
tween a line perpendicular to the line connecting the posterior corner of the acetabuli
and the line connecting posterior and anterior walls. (b) Coronal image shows how the
orthogonal axial plane is determined where the acetabular cup is deepest and the
medial wall of acetabulum is most medial.
anterior wall apices. This value was recorded as the acetabular
anteversion. An angle in relative retroversion was defined as an
angle of less than 15�. All the measurements were performed by a
fellowship-trained hip surgeon and a senior orthopedic resident.
Twenty pelvises were randomly selected from the total group for
reliability assessment for measurements of acetabular anteversion.
The intraclass correlation coefficient was used to evaluate intra-
observer and interobserver variabilities. Reliability was regarded as
poor for less than 0.24, low for 0.25 to 0.49, moderate for 0.5 to 0.69,
good for 0.70 to 0.89, and excellent for greater than 0.9.

Statistical analysis was performed by an independent statisti-
cian using the statistical package included in Microsoft Excel
(Redmond, WA). For the comparison between patient’s age and
acetabular anteversion, an independent t-test was used. For the
subgroup analysis, the correlation was applied to the male and
female subgroups. P < .05 was considered to indicate statistical
significance.
Results

Overall, we found high agreement both within and between
observers. The intraclass correlation coefficient of all the mea-
surements was excellent and measured to be 0.92.

The mean age of the gender groups was statistically significant,
with male subjects being younger at presentation than female
subjects (Table 1).

Acetabular anteversion angles were also significantly different
between male and female subjects, with pelvis of male subjects’
pelvis demonstrating less anteversion (16.6� ± 5.4�) than female
subjects’ pelvis (20.4� ± 5.6�).

When analyzing the males and females individually, there was a
significant statistical difference in age when comparing those with
acetabular anteversion of less than or equal to 15� to those with
acetabular anteversion of more than 15�. The average age was 63.7
years for 98 male hips that had acetabular anteversion of less than
or equal to 15� and 67.2 years for 123 male hips that had acetabular
anteversion of more than 15� (Table 2). The average age was 64.8
years for 62 female hips that had acetabular anteversion of less
than or equal to 15� and 68.2 years for 233 female hips that had
acetabular anteversion of more than 16� (Table 2).

A linear regression was performed to determine if the variables
of gender and age were statistically significant (Table 3). Both
gender and age demonstrate P values that were statistically sig-
nificant with the other variable held constant. Males were associ-
ated with lower acetabular anteversion values as opposed to
females, with age being held constant. Furthermore, patients with a
higher acetabular anteversion value tended to be of an older age at
symptomatic presentation (years) with gender being held constant.
Discussion

In this single-institution retrospective observational study, it
was our goal to determine if patients with variation in acetabular
version, particularly relative retroversion, were predisposed to
earlier clinical presentationwith symptomatic OA of the hip. After a
review of 516 CT scans (221 males, 295 females), it was determined
Table 1
Demographic data, acetabular anteversion.

Variable Overall Male Female P value

Number of pelvises 516 221 295
Age 66.7 ± 9.8 65.6 ± 9.7 67.5 ± 9.9 .031
Acetabular anteversion 18.8 ± 5.5 16.6 ± 5.4 20.4 ± 5.6 <.001



Table 2
Average age for normal and abnormal acetabular anteversion.

Sex Acetabular anteversion

Overall �15� >15� P value

Male Number of pelvises 221 98 123
Age 65.7 ± 9.7 63.7 ± 8.7 67.2 ± 10.2 .006

Female Number of pelvises 295 62 233
Age 67.5 ± 9.9 64.8 ± 9.8 68.2 ± 9.8 .015
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that the acetabular orientation among male subjects was less
anteverted (16.6� ± 5.4�) than that of the female subjects’ pelvis
(20.4� ± 5.6�). Furthermore, not only did males demonstrate a
lesser amount of anteversion in this cohort, but both males and
females as separate groups showed a significant difference in age at
presentation when their respective version was �15� (relative
retroversion) vs those that were >15� (Table 2). In other words,
both males and females tended to be older, on average, at clinical
presentation when having an acetabular version >15�.

Although there is variability in a true universally accepted
definition of “normal” acetabular version, there are various his-
torical papers from which we derived our essential parameter of
�15� or >15� T€onnis et al. studied both femoral and acetabular
version and their respective relationships with pathology of the
hip, using the limits of range of motion and onset of symptoms (ie,
pain) to describe what many consider to be the normal boundaries
of version today [5]. Similarly, Reynolds et al. studied the hip in a
younger population presenting with symptoms of pain or
impingement and concluded that significant symptoms were only
present with a retroversion of greater than 15� [24].

Giori et al. conducted a study analyzing anteroposterior pelvis
radiographs in 2 distinct groups: individuals who underwent THA
(n ¼ 131) and those from the general population (n ¼ 99). Their
research demonstrated a statistically significant relationship be-
tween acetabular retroversion and hip OA, with 20% of THA pa-
tients and 5% of individuals from the general population who had
OA exhibiting acetabular retroversion. Similarly, our study's find-
ings indicate that individuals with a relatively retroverted acetab-
ulum are at an increased risk of experiencing an earlier onset of hip
OA [25]. Although numerous studies attempt to describe the rela-
tionship of femoral and acetabular version and mechanics with
various pathologies, there are little data directed specifically at the
age- and gender-dependent effects of acetabular anteversion on OA
of the hip [3-14]. Based on this information, younger male patients
presenting with hip pain may have an underlying cause that could
warrant surgical intervention sooner than expected. Through this
understanding, arthroplasty surgeons may better direct their clin-
ical investigation for new patients with a painful hip and ultimately
use this evidence to assist in their decision-making process both
preoperatively and intraoperatively.

There are several limitations to this study. First, this is a single-
center single-surgeon retrospective study, which introduces se-
lection and information bias in the patient population. Second, a
power analysis was conducted prior to data collection and indi-
cated that roughly 300 patients were needed in each of the female
and male cohorts, so our study was slightly underpowered with
295 females and 221 males meeting inclusion criteria.
Table 3
Results of the regression analysis.

Variable Value Standard error P value

Intercept 14.3 1.70 <.001
Gender �3.6 0.49 <.001
Age 0.1 0.02 <.001
This study exclusively examined acetabular version as a poten-
tial factor. It is important to note that acetabular retroversion may
not be the sole and definitive predisposing risk factor for hip OA. It
could be influenced by other factors, including but not limited to
trauma, congenital or developmental joint abnormalities, meta-
bolic disorders, infections, endocrine issues, neuropathic condi-
tions, and various anatomical abnormalities that can collectively
contribute to the development of hip OA. Furthermore, it is worth
mentioning that factors like femoral version or the combined
version (ie, McKibbin Instability Index), which were not taken into
account in this study, could potentially offer an additional layer of
insight into how these patients may present with hip OA at a
younger age. Several studies postulate that those with an increased
or decreased acetabular version demonstrate a reciprocal change in
the femoral version to maintain a combined version within normal
parameters [8,9,12,22]. On the other hand, data collection on the
femoral side could have provided further insight into why certain
patient groups present older or younger with symptomatic hip OA.
Had the number of subjects been greater, a subgroup analysis with
more variables could have been possible. In addition, this study did
not correlate CT scan measurements with other radiographic
findings of abnormal acetabular version, such as the “cross-over
sign.” Although it is well known that radiographic evidence of
pelvic abnormality is largely dependent on the quality of the image
itself, this could have helped determine how much version on CT
becomes evident on standard plain radiographs.
Conclusions

This study suggests that patients with a relatively decreased
version angle (�15�) are more likely to present with earlier-onset
symptomatic hip OA than those with increased anteversion.
Further study on the relationship between hip OA and the version
of the acetabulum and/or proximal femur is warranted and may
lead to better understanding of how this may lead a patient to
clinical presentation at an earlier or later age.
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