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Abstract

Background Bilateral symptomatic femoroacetabular im-
pingement (FAI) is common. However, the fate of asymp-
tomatic hip in patients with the radiographic diagnosis of
bilateral FAI and unilateral symptoms remains unknown.
Questions/purposes (1) What is the likelihood of the
asymptomatic hip becoming painful in patients with uni-
lateral symptoms but with radiographic evidence of bilateral
femoroacetabular impingement? (2) What radiological and
clinical factors are associated with the development of
symptoms in an asymptomatic hip diagnosed with FAI?
Methods A longitudinally maintained institutional FAI
database was queried to collect relevant data for this

retrospective study. To answer our research questions, we
created a cohort of patients with bilateral radiographic
signs of FAI but only unilateral symptoms at the time
of initial presentation. Between 2004 and 2016, a senior
surgeon (JP) at one institution treated 652 patients for hip
pain determined to be from FAI, a diagnosis we made
based on clinical symptoms, physical exam, and diagnos-
tic imaging. We excluded 95 patients (15%) because of
inadequate data or other diagnoses, which left 557 patients.
Of those, 170 patients (31%) had bilateral radiological
diagnosis of FAI, and 88 (52%) of them had bilateral
hip symptoms, and so were excluded. Of the remaining
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82 patients, eight (10%) underwent bilateral FAI surgery
under the same anesthetic despite having only unilateral
symptoms, leaving 74 for analysis in this study. Patients
were followed with annual clinic visits, or contacted by
phone and electronically. We defined onset of symptoms
using a modified Harris Hip Score (mHHS) or the Uni-
versity of California at Los Angeles (UCLA) activity scale,
and used a logistic regression model to identify factors
associated with the development of symptoms.

Results Of the 74 patients with bilateral FAI and an
asymptomatic hip at initial presentation, 60 (81%) be-
came symptomatic at a mean 2 years (range, 0.3—11 years)
followup. Of these 60 patients, 43 (72%) eventually un-
derwent subsequent surgical intervention. After controlling
for potential confounding variables such as sex, age, BMI,
history of trauma we identified that reduced neck-shaft
angle (r =-0.243, p = 0.009), increased lateral center-edge
angle (r = 0.123, p = 0.049), increased alpha angle (r =
0.069, p = 0.025), and younger age (r =-0.071, p = 0.046)
were associated with the development of symptoms in the
contralateral hip. With the numbers available, none of
the other examined variables such as sex, BMI, history of
trauma, psychiatric condition, employment, Tonnis grade,
Tonnis angle, crossover sign, type of impingement, and
joint congruency were found to be associated with symp-
tom progression.

Conclusions Bilateral FAI may be observed about one-
third of patients. Most patients with unilateral symptomatic
FAI and radiographic diagnosis of bilateral FAI in this co-
hort became symptomatic relatively quickly and most of
them underwent subsequent surgical intervention in the
contralateral hip. Reduced neck-shaft angle, increased lat-
eral center-edge angle, increased alpha angle, and younger
age were associated with symptom development in the
contralateral hip. Hip preservation surgeons may use the
finding of this study to counsel patients who present with
bilateral FAI but only unilateral symptoms about the natural
history of their condition.

Level of Evidence Level 111, therapeutic study.

Introduction

FAI affects 7% to 23% of the population [7, 8]. Although
most patients present with symptoms in only one hip, bi-
lateral FAI is common. The proportion of bilateral symp-
tomatic FAI has been reported as 21% in a study of 641
patients who underwent surgical treatment for FAI [12]. In
addition, many patients demonstrate radiographic signs
and findings consistent with FAI even in the asymptomatic
hip [12, 2]. Allen et al. [2] reported radiographic evidence
of FAI in up to 78% of the contralateral hips in patients
presenting with a painful hip, of whom only 26% experi-
enced bilateral symptoms. The situation is further clouded
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by the uncertainty regarding the reproducibility of many of
the standard radiographic parameters [6].

However, to our knowledge, there are no studies eval-
uating the fate of the asymptomatic hip in patients with
the radiographic diagnosis of bilateral FAI and unilateral
symptoms. Thus, the fate of the contralateral asymptomatic
hip and the factors that may lead to generation of symptoms
is largely unknown. We have been treating patients with
FAI since 2004 at our institution and have observed that
many patients with unilateral hip pain secondary to FAI
have radiographic evidence of FAI in the contralateral hip,
but because we lack good natural history data on this
scenario, it can be hard to help the patients understand what
to expect.

Therefore, we asked: (1) What is the likelihood of the
asymptomatic hip becoming painful in patients with
unilateral symptoms but with radiographic evidence of
bilateral femoroacetabular impingement? (2) What ra-
diological and clinical factors are associated with the
development of symptoms in an asymptomatic hip di-
agnosed with FAI?

Patients and Methods

Between 2004 to 2016, the senior author saw 4000 patients
with a diagnosis of femoroacetabular impingement, of
whom 652 patients underwent surgical management. In-
stitutional review board approval was obtained before
study commencement. All patients underwent mini-open
femoroacetabular osteoplasty. We queried a retrospectively
maintained institutional FAI database to obtain relevant data
on all patients, including detailed demographic and radio-
logical data. Patients who undergo joint preservation are
followed regularly as part of our database at our institution.
These patients are given an appointment to return annually
for evaluation. Those who miss their appointments are
contacted electronically or via phone. Of the 652 patients,
there was inadequate data regarding symptoms in the con-
tralateral hip in 55 patients (60 hips), and we excluded these
patients. We also excluded 17 patients (20 hips) with slipped
capital femoral epiphysis (SCFE), eight patients with Legg-
Calvé Perthes disease (LCPD), four patients who underwent
periacetabular osteotomy (PAO) at the same session with
femoroacetabular osteoplasty, four patients with a history of
previous PAO before index femoroacetabular osteoplasty,
four patients who underwent synovectomy and biopsy per-
formed during femoroacetabular osteoplasty, two patients
with a history of avascular necrosis (AVN), and one patient
with a history of ankylosing spondylitis. The remaining 557
patients (646 hips) were included for analyses. Of these, 387
patients presented with unilateral hip pain with no evidence
of FAl in the contralateral hip. In all, 170 patients (31%) had
radiographic evidence of bilateral FAI, of which 88 (52%)
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presented with bilateral hip symptoms. The remaining 82
patients (48%) had unilateral hip symptoms, eight (10%) of
whom underwent surgery on both hips simultaneously.
The other 74 patients (90%) opted for observation of the
contralateral asymptomatic hip with FAI (Fig. 1), and
these patients form the final cohort for our analysis. Of
the 74 patients, 14 (19%) did not become symptomatic
(Group A), and 60 patients (81%) become symptomatic
(Group B) and at minimum 1-year followup. We defined
symptomatic as a worsening modified Harris Hip score
(mHHS) or a decrease in function as measured by the UCLA
Activity score. Conservative treatment was implemented
for mild symptoms, and surgery was offered to patients if
symptoms did not respond.

The FAI diagnosis was made based on clinical symptoms,
examination, and radiographic imaging. We scrutinized

All FAI Patients

(n=652)

the insidious onset of symptoms, groin pain associated
with activity, inability to perform activities, such as high
hip flexion or prolonged sitting, painful clicking, locking,
or instability. We used the impingement sign (pain on
adduction of a flexed, internally rotated hip with the pa-
tient supine) and Stinchfield test for clinical diagnosis
of FAL

Radiographs, including an AP view of the pelvis, and
lateral (Dunn 90°, crosstable lateral, and/or frog-leg lat-
eral) hip radiographs were made. The largest alpha angle
measured on lateral view was used. Cam-type FAI was
diagnosed in the presence of abnormal alpha angle on
lateral view (> 55°). The radiological diagnosis of pincer
type FAI was made with the presence of deep acetabulum
(coxa profunda and or protrusion acetabuli where the rela-
tive depth of the acetabulum is increased) or acetabular

Excluded From Study (n =95
-Inadequate Data (n = 55)
-Other Diagnoses (n =40}

Included {n =557 )

Bilateral FAl (n =170)

Bilateral Hip
Symptoms
(n=88)

Unilateral FAl {n =387 )

Unilateral Hip Symptoms
(n=82)

Decide To Have
Surgery On Both Hips
Under The Same
Anesthesia (n = 8)

Group B

Contralateral Hip
Become Symptomatic
(n=60)

Decided To Have
Contralateral
Asymptomatic Hip
With FAlI Observed

(n=74)

Group A

Contralateral Hip Did Not
Become Symptomatic

(n=14)

Underwent Surgery
(n=43)

|

Did Not Undergo
Surgery (n=17)

Fig. 1 The flow diagram depicts the study sample.
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retroversion where the anterolateral acetabular edge
obstructs flexion and increased lateral center-edge angle.
In addition, the femoral neck shaft angle, lateral center-edge
angle, and Tonnis angle were measured using x-rays. Tonnis
grade, congruency, deep acetabular socket (coxa profunda
and or protrusion acetabuli), crossover sign, and posterior
wall sign were noted. We recorded job type, which was
classified as light work, such as a desk job; and hard work,
including gym teachers, policemen, martial arts trainers, or
farmers; as well as a history of trauma, psychiatric con-
ditions, and initiation of symptoms. Before they could be
recommended for surgical intervention, all patients had to
have undergone and failed a trial of nonoperative therapy,
including NSAIDs and/or physical therapy.

Patients with abnormalities on the femoral head/neck side
were thought to have cam-type FAI (49%), while those with
abnormalities on the acetabular side were believed to suffer
from pincer-type FAI (11.2%). Division of the FAI to cam-
or pincer-type FAI was not possible in 40% of patients who
exhibited signs of both pincer and cam FAI. We excluded
patients with Tonnis 3 osteoarthritis from study.

Statistical Analysis

We used the Shapiro-Wilk test to confirm that data was
within the ranges of normal distribution in both groups. We
used the chi-square test for categorical variables and the
Mann-Whitney U test for continuous variables. Correla-
tions between symptomatic and asymptomatic patients
regarding their contralateral hip were investigated with the
help of Spearman’s correlation. By using a binary logistic
regression analysis, a multivariate analysis was performed
to detect the associated factors for the occurrence of a
symptomatic hip. An enter method was used to construct
multivariate logistic regression models in relation to vari-
ous dependent variables. P value < 0.05 with a 95% con-
fidence interval (CI) was accepted as significant.

Results

Of 74 patients with bilateral FAI and unilateral hip symp-
toms, 60 patients (81%) became symptomatic, as defined
by worsening mHHS and UCLA activity scores, at a mean
2 years (range, 0.3—11 years) followup. The remaining 14
patients (19%) stayed asymptomatic at a mean followup of
3 years (range, 1-6 years). Of 60 patients who become
symptomatic, 43 (72%) underwent surgical intervention
within a mean of 2 years (range, 0.3-5 years) after the
initial onset of symptoms. The remaining 17 patients (28%)
who developed mild symptoms have been offered con-
servative treatment. The mean preoperative and post-
operative mHHS was 49 + 9 and 74 =+ 21, respectively (p <
0.001). The mean preoperative and postoperative UCLA
score was 5.3 = 2.5 and 6.8 * 2.4 respectively (p <0.001).

After controlling for potential confounding variables,
we identified that a reduced neck-shaft angle (r = -0.243,
p = 0.009), increased lateral center-edge angle (r = 0.123,
p=0.049), increased alpha angle (r=0.069, p=0.025), and
younger age (r =-0.071, p = 0.046) were associated with
developing symptoms in the contralateral hip (Table 1).
With the numbers available, none of the other examined
variables such as sex, BMI, history of trauma, psychiat-
ric condition, employment, Tonnis grade, Tonnis angle,
crossover sign, type of impingement, and joint congru-
ency were found to be associated with symptom pro-
gression (Table 2).

Discussion

FAI affects 7% to 23% of the population [7, 8]. Although
most patients present with symptoms in only one hip,
bilateral FAI is common. The course of the asymptomatic
contralateral hip is an important concern for both ortho-
paedic surgeons and their patients. Patients almost al-
ways inquire about the fate of the asymptomatic hip after

Table 1. Logistic regression model for defining predictive factors in development of symptoms in an asymptomatic hip

95% Cl for OR

Variables Coefficients Standard error Wald p value OR

Lower Upper
Neck shaft angle? -0.243 0.093 6811 0.009 0.784 0.653 0.941
Alpha anglef 0.069 0.031 5032 0.025 1.071 1.009 1.137
Center-edge angle’ 0.123 0.062 3878 0.049 1.130 1.001 1.277
Alpha angle* -0.030 0.029 1072 0.301 0.971 0.917 1.027
Age -0.071 0.035 3994 0.046 0.932 0.869 0.999
Constant 30,338 12,406 5980 0.014 1.98
*First hip;

tcontralateral hip; OR = odds ratio; Cl = confidence interval; Wald = the test statistic for individual predictor variable and used to

determine the p value.
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Table 2. Demographic and radiological characteristics of asymptomatic and symptomatic groups

Variable Asymptomatic group (n = 14) Symptomatic group (n = 60) p value
Age (years) ¥ 37 £ 12 (22-62) 32 + 12 (16-56) 0.088*
BMI (kg/m?)* 25 + 5 (18-37) 25 *+ 4 (18-37) 0.743%
Gender, number (%)
Male 6 (43) 34 (57) 0.947
Female 8 (57) 26 (43)
Job, number (n, %)
Light job 14 (100) 22 (69) 0.041
Heavy job 0 10 (31)
Psychiatric disorder (n, %) 0 14 (23) 0.058
Trauma (n, %) 0 6 (10) 0.587
DDH (n, %) 6 (43) 19 (32) 0.553
Congruency (n, %)
Congruent 12 (86) 37 (62) 0.209
Mild congruent 2 (14) 19 (32)
Incongruent 0 4 (6)
Type of impingement (n, %)
Cam 10 (72) 26 (43) 0.160
Pincer 1(7) 6 (10)
Combined 3 (21) 28 (47)
Tonnis grade (n, %)
Normal 10 (71) 29 (48) 0.218
Mild 4 (29) 25 (42)
Moderate 0 6 (10)

*Mann-Whitney U test;
tindependent Student’s t-test; other chi-square;

$the values are given as the mean and SD with range in the parentheses; DDH = developmental dysplasia of the hip.

radiological diagnosis of FAL. However, the fate of asymp-
tomatic hip in patients with the radiographic diagnosis of
bilateral FAI and a unilateral symptom is unclear. We
therefore aimed to investigate the chance that a contralat-
eral hip becomes symptomatic in patients who undergo
unilateral surgery for impingement but who show radio-
graphic evidence of bilateral involvement. Also we tried
to identify factors that are associated with symptom de-
velopment. To the best of our knowledge, this is the first
study investigating the fate of asymptomatic hip with FAL
Based on the results of this study, it appears that the in-
cidence of bilateral FAT is relatively common at 31%. Most
patients with unilateral symptomatic FAI and radiographic
evidence of bilateral FAI eventually underwent surgical
intervention in the contralateral hip (72%). After control-
ling for potential confounding variables such as age,
sex, BMI, alpha angle, we identified that a reduced neck-
shaft angle, increased lateral center-edge angle, increased
alpha angle, and younger age are associated with de-
veloping symptoms in the contralateral hip.

This study has several limitations. First, we could not
include 55 of 652 (8%) patients who had inadequate data

about their symptoms, which may have biased our results
and underestimated the likelihood that patients will be-
come symptomatic over time. In addition, we excluded
patients with FAI secondary to other diagnoses such as
LCPD, SCFE, AVN. The latter was in an attempt to im-
prove cohort homogeneity. Though a relatively large co-
hort, the number of patients with asymptomatic hip was
relatively small, which may have resulted in type II error,
causing us to fail to identify some factors that might be
associated with an increased risk of symptom development
in a hip with radiographic signs of FAI Based on our data,
we would suggest that future studies focus on the Tonnis
grade, retroversion, race, and congruency. Also, we did
not evaluate femoral version, which may play role in FAI.
Although the minimum followup duration was 1 year in
our study, we acknowledge that this relatively short fol-
lowup duration may have underestimated the likelihood
that patients will become symptomatic over time. In this
study, the senior surgeon assessed all patients in terms of
their symptoms, recommended conservative treatment for
mild symptoms and surgery when conservative treatment
was unsuccessful. Although this may reduce bias regarding
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recommending treatment choices, we acknowledge the
indications for recommending surgery may differ depending
on surgeon judgment. We note that other clinicians, or other
patients, might exercise different treatment options.

Most patients who underwent surgery for unilateral,
symptomatic FAI who had radiographic evidence of bi-
lateral hip disease had a high likelihood of presenting soon
after with pain and loss of function in the previously
asymptomatic contralateral hip and most of them un-
derwent surgical intervention. A study by Klingenstein
et al. [12], has investigated risk factors that lead to bilateral
hip preservation surgery for FAI in which the prevalence
of Dbilateral surgery was found to be 20.4%. This study
found that younger patients, males, higher alpha angles,
and reduced acetabular anteversion at initial presentation of
the first hip were associated with an increased likelihood of
undergoing surgery on the contralateral hip bilateral sur-
gery; however, they compared unilateral hips with bilateral
hips. Also, they did not report the time it took for asymp-
tomatic hips to become symptomatic. In our study, the
incidence of bilateral FAI was 31%. We investigated the
chance that a contralateral hip becomes symptomatic in
patients who underwent unilateral surgery for impinge-
ment but who showed radiographic evidence of bilateral
involvement. We found that 81% of patients became
symptomatic at a mean 2 years (range, 0.3—11 years) fol-
lowup. Of those who become symptomatic, 72% underwent
surgical intervention within a mean of 2 years (range, 0.3—5
years) after the initial onset of symptoms.

We found only a few identifiable factors associated with
symptom progression in the previously asymptomatic hip,
such as younger age, alpha angle, increased lateral center-
edge angle, reduced femoral neck shaft angle. This study
found that patients who became subsequently symptomatic
were approximately 5 years younger than patients who
remained asymptomatic. The exact reason for the latter
finding is also not clear. Perhaps the high intensity of ac-
tivity in the younger patients may account for this finding.
However, Chladek et al. [5] found that patients younger
than 30 years old with FAI had greater postoperative im-
provement compared with patients older than 30 years.
Among the numerous factors studied, a higher alpha angle
was found to be an independent predictor in developing
symptoms in the contralateral hip. The latter may relate to
the radiographic severity of the disease. Prior studies have
shown that severe cam deformity, as defined by larger al-
pha angles, could indicate which individuals may be at risk
for developing early hip pain and arthritis [1, 11, 12].
However, the association between cam morphology, hip
pain, and subsequent hip osteoarthritis needs to be firmly
established. Beaulé et al. [3] demonstrated that an alpha
angle greater than 65° was associated with the de-
velopment of more severe cartilage damage. In addition, a
biomechanical investigation performed by Kapron et al.
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[10] also demonstrated the consequences of cam mor-
phology on the anterolateral hip region. The investigators
demonstrated that radiographically observed impingement
contact points correlated with areas of anterolateral labral
and chondral damage visualized during surgery [10]. An-
other study by McGuffin et al. [15] assessed the profile of
the weightbearing cartilage of hips with a cam deformity
using T1r magnetic resonance imaging (MRI) and evalu-
ated for a side-to-side difference in the Tlr profile of
patients with bilateral cam morphology but only unilateral
hip pain. The cartilage bilayer of the hip was evaluated and
the mean Tlr relaxation time calculated for each quadrant
of the weightbearing surface. They concluded that the
presence of a cam deformity, regardless of symptoms, is
suggestive of early, preclinical cartilage degradation, and
thus patients with asymptomatic cam morphology may be
at increased risk for the development of hip osteoarthritis
[15]. Thus, it is important to fully evaluate and consider the
alpha angle and identify any cam morphology when
providing a medical and surgical treatment plan. We also
found that increased center-edge angle is associated with
developing symptoms in the contralateral hip. Previous
studies have demonstrated that a center edge angle of >39°
is associated with the development of symptomatic pincer
FAI caused by acetabular over-coverage [13, 20]. In this
study, the mean center-edge angle of the contralateral hip in
symptomatic patients was 28.1 = 7.7° (11-54°). Using the
center-edge angle can help anticipate which patients with
bilateral radiographic signs of FAI but only unilateral
symptoms at presentation will develop symptoms in the
contralateral hip. Reduced femoral neck shaft angle was
found to be associated with developing symptoms in the
contralateral hip. A decreased femoral neck shaft angle may
be indicative of early symptoms [9, 14, 16, 17]. Neck shaft
angle in patients with FAI have been reported to be between
123-140° [4, 14, 19]. Individuals with a cam morphology
and decreased femoral neck-shaft angle are likely to expe-
rience severe hip stresses and earlier impingement [4]. Al-
though asymptomatic participants with cam morphology
have elevated stresses, a higher femoral neck-shaft angle has
been associated with lower stresses [18]. Considering the
femoral neck-shaft angle in patients may be useful in iden-
tifying those who may be at risk for FAIL

In conclusion, this study demonstrated that most patients
with unilateral symptomatic FAI and radiographic evidence
of bilateral FAI become symptomatic relatively quickly and
undergo surgical intervention in the contralateral hip. This
information will allow surgeons to have an informative dis-
cussion with patients with bilateral radiographic signs of FAI
when only one hip is asymptomatic at initial presentation.
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