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Hip Arthroscopy Followed by 6-Month Rehabilitation
Leads to Improved Periarticular Muscle Strength,

Except for Abductors and External Rotators

Guillaume Servant, P.T., M.Sc., Hugo Bothorel, M.Eng., Anthony Pernoud, M.Sc.,

François Fourchet, P.T., Ph.D., and Panayiotis Christofilopoulos, M.D.
Purpose: To evaluate the variations in hip muscles strength following arthroscopy and 6-month rehabilitation in patients
treated for femoroacetabular impingement (FAI). Methods: A retrospective analysis was carried out on a series of pa-
tients who were arthroscopically treated for FAI at La Tour Hospital between 2020 and 2022. Bilateral isometric strengths
of 8 hip-related muscles (abductors, adductors, hamstrings, quadriceps, extensors, flexors, internal and external rotators)
were assessed using a handheld dynamometer before surgery and postoperatively after 6 months of rehabilitation in terms
of relative strength changes between time points. Results: A total of 29 patients (aged 26.9 � 7.1 years, 86% of women)
were included. Except for the abductors, which remained of comparable strength than before surgery, a statistically
significant (P < .05) increase in hip muscle strength on the operated side could be noted at 6 postoperative months for
hamstrings (9% � 17%, P¼ .041), quadriceps (11%� 27%, P ¼ .045), extensors (17%� 32%, P ¼ .006), flexors (17%�
29%, P ¼ .003), adductors (18% � 23%, P < .001), and internal rotators (32% � 36%, P < .001). The proportion of
patients who reached a strength level above their preoperative status ranged from 62% (quadriceps) to 86% (adductors
and flexors), depending on the muscle studied. The external rotators were the only muscles that remained significantly
weakened at 6 months on both operated (e13% � 26%, P ¼ .002) and nonoperated (e17% � 25%, P < .001) sides, with
a decrease beyond 15% in almost half of the patients (45% and 48%, respectively). Conclusions: Arthroscopic treatment
followed by 6-month rehabilitation granted to most FAI patients a higher strength level for several hip muscles, except for
abductors and external rotators, which remained comparable and weakened, respectively. Level of Evidence: Level IV,
therapeutic case series.
he major cause of femoroacetabular impingement
T(FAI) is biomechanical. Conservative care
comprising physical therapy leads to beneficial effects
and can be proposed as a first-line approach. Recent
systematic reviews and meta-analyses, however, re-
ported superior outcomes for surgical treatments in
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Arthroscopy, Sports Medicine, and Rehabilitat
both the short and long term.1-3 Surgical treatments
have gained in popularity to mechanically fix femoral
and/or acetabular bony deformations.4 Arthroscopic
surgery has evolved5 and is increasingly performed
since it grants satisfactory patient-reported outcomes
while being mini-invasive.6-10 Compared to open pro-
cedures, this surgical approach might also have the
advantage of requiring a shorter rehabilitation period,
thereby offering a fast return to daily activities in
satisfying conditions.11,12

Several authors have emphasized the role of physical
therapy following arthroscopy. Published rehabilitation
protocols usually comprise several phases to progres-
sively improve strength and endurance as well as hip
mobility and stability.13,14 Recently, different authors
reported that changes in hip muscles strength per se are
of great importance in the rehabilitation success.15-22

Still, current recommendations for FAI rehabilitation
are based on expert opinions or protocols used for other
surgical procedures23 but not on objective and
impairments-based criteria. This could potentially lead
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2 G. SERVANT ET AL.
to impairment of clinical reasoning and distort decision-
making.24 This emphasizes the importance of strength
measurement in evidence-based physical therapy,
which can be performed using isokinetic or handheld
dynamometry (HHD), with the latter having the
advantage of being inexpensive, easy to use, and less
time-consuming.
There are little published data on hip muscle strength

evolution after rehabilitation of FAI arthroscopy. One
recent study revealed a significant strength alteration at
3 postoperative months, notably for abductors.20

However, it should be noted that this study reported
the strength changes halfway through the FAI reha-
bilitation program solely. Therefore, the purpose of the
present study was to evaluate the variations in hip
muscle strength following arthroscopy and 6-month
rehabilitation in patients treated for FAI. We hypothe-
sized that patient hip muscle strength would be
improved beyond the pathologic status they presented
before surgery.

Methods
The authors retrospectively evaluated a series of pa-

tients treated by arthroscopy for FAI at La Tour Hospital
from March 2020 to December 2022. Patients were
included in this study if they were (1) living in the
Geneva area and (2) performed their entire rehabilita-
tion program at La Tour Hospital. Patients were
excluded if they had the following a priori defined
criteria: pregnancy, previous lower extremity surgeries,
arthritis, stroke, spinal cord lesion or injury, peripheral
diabetes, or any other type of neurologic disease that
could influence the nervous system or signs of osteo-
arthritis. All patients presented a cam, pincer
morphology, or mix of both with or without labral le-
sions. All patients were operated on by the same senior
surgeon (P.C.) at La Tour Hospital following the same
arthroscopic technique detailed below. All patients had
a center edge angle (CEA) above 25� without any
clinical or radiologic findings of miscroinstability. All
patients had preoperative x-rays, arthroemagnetic
resonance imaging (arthro-MRI), and computed to-
mography (CT) scans. Anteversion was assessed using
the Murphy’s method on preoperative CT scans.25

Since this study is exploratory and based on clinical
data that are routinely collected at our institution to
evaluate patients’ clinical improvement, an a priori
approval from the local ethical committee was not
required. However, all patients included in this study
gave their written informed consent for the use of their
data in research projects.

Pre- and Postoperative Hip Muscle Strength
Assessment
The isometric muscle strengths of both hips (maximal

voluntary contraction, MVC) were evaluated before
surgery as well as at 3 and 6 postoperative months,
using HHD (Hoggan MicroFET2; Scientific L.L.C.) with
a sampling frequency of 100 Hz.26 The measures con-
cerned 8 hip-related muscle groups: (1) abductors, (2)
adductors, (3) flexors, (4) extensors, (5) external/lateral
rotators, (6) internal/medial rotators, (7) quadriceps,
and (8) hamstrings. All evaluations were performed by
a senior physical therapist (G.S.) following a strict
methodology (Appendix Fig. 1, available at www.
arthroscopyjournal.org).20 Patients were evaluated af-
ter a 6-minute warmup on a stationary bike in different
testing positions, as described by Thorborg et al.27 in
2013. According to the recommendations by Thorborg
et al.,27 the patients stabilized themselves by holding
the examination table while a fixation belt was used to
obtain a better test-retest reliability. After explaining
procedures, 3 isometric maximum voluntary contrac-
tions of 6 seconds, separated by 30 seconds of rest, were
performed on each muscle group under verbal
encouragement. The highest value of the 3 repetitions
was recorded. If the last measurement was the highest,
another measurement was conducted until no further
force increase was measured. Peak forces were
measured in Newtons and then normalized by the arm
lever (in meters) and by the body weight (kilogram), in
order to be displayed in Nm/kg units.

Surgical Technique
Patients were placed in a supine position on a trac-

tion table. Both lower limbs were placed in minimal
traction (1.5 cm of joint space) with a perineal post
system (Arthrex) for a variable amount of time, and a
standard disinfection/draping was performed. The
procedure was performed using the anterolateral (AL),
anterior-anterolateral (AAL), and medial-anterior
(MAP) portals. For the central compartment, the sta-
tus of the cartilage, labrum, and round ligament was
checked. In case of an unstable labral lesion, debride-
ment and/or reinsertion using anchors were per-
formed. The presence of possible synovitis was also
checked and, if positive, led to a synovectomy with
capsular preservation. The shape and size of the
anterior inferior iliac spine (AIIS) were correlated to
the preoperative CT examination, and if needed,
reduction of the AIIS was performed. Once these
procedures were completed, the traction was released
and an L-shaped capsulotomy keeping intact the
medial limb of the iliofemoral ligament was per-
formed. The hip was tested in flexion and internal
rotation for any signs of impingement between the
acetabular rim and the femoral neck. A head-neck
recontouring was performed as necessary while
respecting the retinacular vessels. The vertical capsu-
lotomy was repaired with absorbable sutures, and a
clinical and radiologic checkup was finally performed
followed by a classical closure with Prolene sutures.

http://www.arthroscopyjournal.org
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STRENGTH REHABILITATION AFTER FAI ARTHROSCOPY 3
Postoperative Patient Rehabilitation
The supervised rehabilitation protocol started on the

intervention day a few hours after surgery in accor-
dance with the 2019 International Society for Hip
Arthroscopy (ISHA) convention (Appendix Table 1,
available at www.arthroscopyjournal.org).

First StagedImmediate Postoperative
During hospitalization, patients walked using

crutches with 15 kg partial weight bearing on the
operated limb. Three or 4 days after surgery, the pa-
tients went home and were asked to keep using a
continuous motion device.

Second StagedEarly Impairment
The second stage started 10 days following surgery

when the scar healing allowed the patients to go into
water. Nine hydrotherapy group sessions were then
performed in a pool to mobilize the tissues and facilitate
the kinematics of the hip while paying attention to the
patients’ constraints and mobilization limitations.
A land-based physical therapy session was added be-
tween the fourth and fifth hydrotherapy sessions to
explain exercises to be performed independently at
home. A booklet was then distributed at the end of the
session to help patients reproduce correctly the
aforementioned exercises.

Third StagedLate Impairment
Full weight bearing was then progressively allowed in

a third stage but adapted to patient pain. Specific
attention was therefore paid to the gait pattern and hip
muscle voluntary contractions. This third stage also
comprised biweekly individual sessions of 30 minutes
to closely follow the evolution of patients’ symptoms. A
first functional test was performed to assess hip muscle
strength at the end of this stage (around 3 postoperative
months).

Fourth StagedFunctional Restoration
A progressive load was then applied during the fourth

and last stage to increase hip muscle strength, endur-
ance, function, dynamic balance, and gait pattern.
Progressive and adapted physical activities were rec-
ommended, and manual therapy techniques were used
to improve hip range of motion and reduce pain.13,28-31

Rehabilitation was finally completed with a phase of
muscle strengthening based on heavy-load exercises
and return to full function of the hip. An additional
stage of return to sports activity until return to pre-
symptomatic performance (RTP) if necessary was also
carried out, which generally lasted 1 to 3 months ac-
cording to patient characteristics and targets. A second
functional test was performed to assess hip muscle
strength at the end of this last stage (around 6 post-
operative months).
Sample Size Calculations and Statistical Analyses
Beck et al.32 recently published that preoperative hip

extension strength was an important predictor of
achieving a postoperative patient acceptable symptom
state. Furthermore, the extensor peak force for oper-
ated hips was reported to be 2.97 � 0.83 Nm/kg in FAI
patients,33 and a difference of 15% in muscle strength
appears to be clinically relevant since it has been used in
a sample size calculation for a comparable study.34

Based on the aforementioned findings, 29 FAI pa-
tients would be required to significantly detect a 15%
difference in extensor MVC on operated hips with a
statistical power of 0.80 and a significant a level of 0.05.
Descriptive statistics were used to summarize the

data. Continuous variables were reported as mean �
standard deviation and 95% confidence intervals (CIs)
while categorical data were reported as proportions.
The normality of continuous variable distributions was
assessed by the Shapiro-Wilk test. Muscle strength
comparisons between different time points as well as
between operated and nonoperated hips were also
conducted using Wilcoxon signed rank tests or paired
Student t tests. The effect size of the rehabilitation was
calculated using Hedges’s g for the different studied
outcomes and interpreted as follows: negligible
(Hedges’s g < 0.2), small (0.2 � Hedges’s g < 0.5),
medium (0.5 � Hedges’s g < 0.8), and large (0.8 �
Hedges’s g < 1.2).35 Relative strength changes between
time points were interpreted using a threshold of 15%,
which seems to be clinically relevant.34 The strength
improvement at 6 months compared to the preopera-
tive status was also interpreted using the additional
difference in strength that exists between a healthy and
nonoperated FAI hip (not available for the quadriceps
and hamstrings): extensors (1%), abductors (11%),
internal rotators (14%), external rotators (18%),
flexors (26%), and adductors (28%).36 The correlation
between hip muscle strength change on the operated
and nonoperated sides was analyzed for the muscles
weakened after surgery using Pearson coefficient,
reported with 95% CI and interpreted as negligible
(r ¼ 0.00 to 0.09), weak (r ¼ 0.10 to 0.39), moderate
(r ¼ 0.40 to 0.69), strong (r ¼ 0.70 to 0.89), or very
strong (r ¼ 0.90 to 1.00).37 The analyses were per-
formed using R (version 3.6.2; R Foundation for
Statistical Computing), and P values <.05 were
considered significant.

Results
Seventy-five cases were operated during the period of

interest, with 29 finally included and rigorously eval-
uated before and after surgery at the Motion Analysis
Laboratory of the physical therapy department.
Included patients were aged 26.9 � 7.1 years at index
surgery and comprised 25 women (86%) and 4 men
(14%). None of the patients were excluded.

http://www.arthroscopyjournal.org


4 G. SERVANT ET AL.
Several hip muscles, mainly abductors and external
rotators, remained weakened 3 months after surgery
(Table 1, Fig 1). However, most muscles on the oper-
ated side were statistically stronger after 6 postoperative
months compared to the preoperative pathologic status:
hamstrings (9% � 17%, Hedges’s g ¼ 0.275), quadri-
ceps (11% � 27%, Hedges’s g ¼ 0.369), extensors
(17% � 32%, Hedges’s g ¼ 0.472), flexors (17% �
29%, Hedges’s g ¼ 0.586), adductors (18% � 23%,
Hedges’s g ¼ 0.621), and internal rotators (32% � 36%,
Table 1. Pre- and Postoperative Hip Muscle Strength (Nm/kg)

Characteristic Mean 95%

Quadriceps
Preoperative 2.70 2.48
3 months 2.74 2.55
Change (%) 4 e5

6 months 2.91 2.69
Change (%) 11 1 t

Hamstrings
Preoperative 1.48 1.34
3 months 1.39 1.27
Change (%) e4 e11

6 months 1.58 1.45
Change (%) 9 3 t

Extensors
Preoperative 2.10 1.89
3 months 2.18 1.93
Change (%) 7 e5

6 months 2.39 2.15
Change (%) 17 5 t

Flexors
Preoperative 1.83 1.68
3 months 1.79 1.64
Change (%) 0 e9

6 months 2.09 1.91
Change (%) 17 6 t

Abductors
Preoperative 1.92 1.77
3 months 1.74 1.60
Change (%) e7 e15

6 months 1.92 1.80
Change (%) 4 e6

Adductors
Preoperative 1.74 1.59
3 months 1.84 1.68
Change (%) 7 0 t

6 months 2.02 1.84
Change (%) 18 9 t

Internal rotators
Preoperative 1.10 0.98
3 months 1.11 1.00
Change (%) 3 e6

6 months 1.40 1.26
Change (%) 32 18

External rotators
Preoperative 1.15 1.00
3 months 1.03 0.89
Change (%) e7 e16

6 months 0.92 0.86
Change (%) e13 e23

CI, confidence interval.
Bold P-values indicate statistically significant differences.
Hedges’s g ¼ 0.896) (Fig 2). It is worth mentioning that
abductors exhibited a comparable strength (4% � 26%,
Hedges’s g ¼ 0.002) and that external rotators remained
significantly weakened (e13% � 26%, Hedges’s
g ¼ e0.745) despite the complete rehabilitation
protocol.
Among the muscles that were significantly strength-

ened at 6 months, a considerable proportion of patients
reached a strength level that was above their pathologic
preoperative status for the quadriceps (62%),
CI P Value Hedges’s g

to 2.92
to 2.92 .665 0.070
to 13
to 3.12 .045 0.369
o 21

to 1.63
to 1.51 .088 e0.263
to 3

to 1.72 .041 0.275
o 15

to 2.32
to 2.44 .416 0.132
to 19
to 2.63 .006 0.472
o 30

to 1.99
to 1.94 .511 e0.109
to 8
to 2.26 .003 0.586
o 28

to 2.08
to 1.88 .009 e0.465
to 0

to 2.05 .992 0.002
to 13

to 1.90
to 1.99 .047 0.228
o 14
to 2.20 <0.001 0.621
o 26

to 1.21
to 1.23 .738 0.055
to 12
to 1.53 <0.001 0.896
to 46

to 1.30
to 1.18 .040 e0.303
to 2

to 0.99 .002 e0.745
to e2
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Fig 1. Line plot illustrating the muscle strength changes (%)
from preoperative to postoperative time points.
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hamstrings (66%), extensors (69%), internal rotators
(80%), and adductors and flexors (86%) (Fig 3).
Operate
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H

Fig 2. Pre- to postoperative changes (at 6
months) in muscle strength (%) on the
operated and nonoperated hips. *Indicates
a statistically significant variation. (Abd,
abductors; Add, adductors; ER, external
rotators; Ext, extensor; Fl, flexors; HS,
hamstrings; IR, internal rotators; Quad,
quadriceps.)
According to Casartelli et al.36 thresholds, a healthy
strength level was obtained by 24% of the patients
for the abductors, adductors, and flexors and 66% for
the extensors and internal rotators (Fig 4). It is
noteworthy, however, that almost half of the patients
(45%) experienced a decrease in external rotator
strength by more than 15% compared to initial
pathologic status, with only 10% of the patients
having a final strength equivalent or greater to a
healthy status.
On the nonoperated side, strengths exhibited at 6

postoperative months were greater than before surgery
for the extensors (14% � 24%, Hedges’s g ¼ 0.523),
flexors (16% � 28%, Hedges’s g ¼ 0.539), adductors
(13% � 20%, Hedges’s g ¼ 0.523), and internal rotators
(30% � 37%, Hedges’s g ¼ 0.669). Small and negligible
effects could be observed for the quadriceps (10% �
28%, Hedges’s g ¼ 0.265), hamstrings (10% � 26%,
Hedges’s g ¼ 0.218), and abductors (6% � 23%,
Hedges’s g ¼ 0.115) (Fig 2, Appendix Table 2, available
at www.arthroscopyjournal.org). Similarly to the
operated side, the nonoperated external rotators
exhibited a significant decrease at 6 months compared
to the preoperative strength level (e17% � 25%,
Hedges’s g ¼ e0.900). This strength decrease was
beyond 15% for 48% of the cases and strongly corre-
lated to that of the operated side (r ¼ 0.86; 95% CI,
0.72-0.93; P < .001).
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Fig 3. Patient distribution according to the relevance of their muscle strength change 6 months following arthroscopy on the
operated and nonoperated hip. Dark green and red indicate clinically relevant variations. (Abd, abductors; Add, adductors; ER,
external rotators; Ext, extensor; Fl, flexors; HS, hamstrings; IR, internal rotators; Quad, quadriceps.)
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Finally, none of the included patients experienced a
complication during surgery or within the 6 following
months.
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Discussion
The principal finding of this study was that arthros-

copy combined with a 6-month rehabilitation has
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STRENGTH REHABILITATION AFTER FAI ARTHROSCOPY 7
strengthened 6 of 8 periarticular hip muscle groups,
restored preoperative abductor strength, but failed to
recover preoperative external rotator strength. Thus,
the initial hypothesis is almost confirmed since 7 of 8
muscle groups at least regained their preoperative
strength levels. Specifically, most of the patients expe-
rienced a significant strength improvement at 6 months
on quadriceps, hamstrings, extensors, flexors, adduc-
tors, and internal rotators compared to their preopera-
tive status. However, specific attention should be paid
to external rotators, which continuously decreased in
strength throughout the rehabilitation period and not
only on the operated side.
The proportion of patients who improved their

strength at 6 postoperative months beyond their pre-
operative status ranged from 62% for the quadriceps to
86% for the flexors (Fig 3). The consistency of the
bilateral findings might indicate that strength im-
provements are directly related to the physical therapy
program rather than surgery, although the absence of a
control group in this study prevents us from confirming
it. Even though these findings seem very satisfactory,
the lack of data on hip muscle strength changes after
FAI arthroscopy in the scientific literature prevents us
from drawing any conclusions. Beyond that, it remains
difficult to evaluate whether such improvements are
clinically relevant since reaching a strength level
exhibited at a pathologic status is surely insuffi-
cient.38,39 Owing to the work published by Casartelli
et al.,36 it seems that FAI patients, before being oper-
ated on, present at this time point a global strength
deficit of 16% on average for most hip muscles
compared to healthy matched participants. This
threshold, even though being unspecific to each mus-
cle, approximates well the 15% we chose as a clinically
relevant change for hip muscle strength. According to
healthy strength levels,36 almost 25% of our patients
reached a healthy strength status on flexors, adductors,
and abductors as well as 66% on extensors and internal
rotators (Fig 4). Further studies are therefore needed to
optimize current strengthening protocols after FAI
arthroscopy to make our patients stronger and closer to
healthy levels. Individualized and/or longer physical
therapy after FAI could be recommended for some
patients to bring them back to healthy levels or to
higher expectations if needed.
Another important finding of this study was the

continuous strength decrease in external rotators
following 6 months of rehabilitation. Almost half of the
included patients exhibited a decrease in external ro-
tator strength by more than 15%. Furthermore, this
phenomenon was also observable on the nonoperated
side (48%) with a strong correlation between the two,
underlining that this strength decrease was bilateral.
Our FAI rehabilitation protocol comprises, however,
different bilateral exercises that are known to be
effective at increasing the activation of external rotators
(gluteus maximus, medius, and minus) such as step-up
movement and its variants (crossover and lateral), as
well as monster walk band at knee or pelvic drop.40

Furthermore, the authors do not think such findings
could be related to traction during surgery since the
latter was minimal with only 1.5 cm of joint space.
The real mechanism behind the loss of external ro-

tator strength might be more complex. Persistent
strength deficits following surgery have already been
observed in different pathologies despite the use of
recommended heavy reinforcement exercises. Modu-
lations of the central nervous system are described and
may implicate cortical or spinal pathways while
affecting both involved and uninvolved limbs.41 This
could explain the strength deficits obtained for external
rotators on the contralateral limb. Furthermore, we
know that inhibitory and/or facilitatory mechanisms
acting at different levels of the central nervous system
may affect both agonist and antagonist muscle groups
around the joint.42 This element may provide an
explanation of the improvements of internal rotator
strength concomitant with impairments of external
rotators observed in our study.

Limitations
This exploratory study has several limitations. First, our

sample size might not be high enough to statistically
detect light muscle strength changes. Second, this study
was only focused on objective assessments of strength and
did not comprise radiologic parameters or patient-
reported outcome measures. Moreover, isometric assess-
ment of muscle strength is not a perfect encapsulation of
patient strength or function, although handheld dyna-
mometers remain easy to use and affordable.24 Third,
approximately 40% of the operated cases could be
included in this study. However, the included cases did
not differ from the others in terms of age (26.9 [95% CI,
24.3-29.5] vs 27.4 [95% CI, 25.2-29.6], P¼ .944) and sex
(women, 86% vs 70%, P ¼ .568). Fourth, our study
cohort mainly comprised women (86%) and might not
be comparable to FAI patients followed in other in-
stitutions. Even though the strength changes of hip
muscles did not statistically differ between men and
women, our results might not be generalizable. Fifth, this
study did not comprise a control group and a standardized
preoperative physical therapy. Additionally, the authors
did not use Bonferroni correction in their analyses since
this exploratory study could be hindered by such con-
servative statistical methods.43 Furthermore, the principal
analysis was based on the evaluation of strength changes
between the preoperative and 6-month follow-up status.
Thus, their statistical significance should not be affected
by the fact that additional information on intermediate
strength changes at 3 postoperative months were
reported.
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Conclusions
Arthroscopic treatment followed by 6-month reha-

bilitation granted to most FAI patients a higher strength
level for several hip muscles, except for abductors and
external rotators, which remained comparable and
weakened, respectively.
Disclosure
The authors report no conflicts of interest in the
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author disclosure forms are available for this article
online, as supplementary material.
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