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ABSTRACT

Background Femoroacetabular impingement (FAI)
and associated pathologies are associated with pain
and reduced quality of life. Physical impairments can

be associated with worse symptoms and may be an
important target of rehabilitation programmes in

this patient group. Knowledge regarding physical
impairments in people with symptomatic FAI is limited.
Hypothesis In adults aged 18-50 years with
symptomatic FAI: (1) to identify physical impairments

in range of motion (ROM), hip muscle function and
functional tasks; (2) to compare physical impairments
with healthy controls; and (3) to evaluate the effects of
interventions targeting physical impairments.

Study design Systematic review.

Methods A systematic review of the literature was
conducted in accordance with the Preferred Reporting
[tems for Systematic Reviews and Meta-Analyses
statement. The modified Downs and Black checklist was
used for quality appraisal. Studies of adults aged 18-50
years with symptomatic FAI that examined ROM, hip
muscle function and functional tasks were included.
Standardised mean differences were calculated where
possible or best evidence synthesis and study conclusions
were presented.

Results Twenty-two studies fulfilled all inclusion
criteria. Methodological quality was varied. Results

for hip joint ROM differences between people with
symptomatic FAI compared and control subjects were
varied. People with symptomatic FAl demonstrated some
deficits in hip muscle strength and reduced balance

on one leg when compared with control subjects. For
hip joint ROM and hip muscle strength results for
within-group differences between preintervention

and postintervention time points were limited and
inconclusive. No randomised controlled trials evaluated
the effect of different types of interventions for
symptomatic patients with symptomatic FAI.
Conclusions People with symptomatic FAl demonstrate
impairments in some hip muscle strength and single

leg balance. This information may assist therapists in
providing targeted rehabilitation programmes for people
with FAI and associated pathology. Further research

is needed to determine whether symptomatic FAI
affects other aspects of functional performance; and to
evaluate whether targeted interventions are effective in
symptomatic FAI.

Clinical relevance This information may assist
therapists in providing targeted rehabilitation
programmes for people with symptomatic FAI.
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What is already known

» Femoroacetabular impingement (FAI) is
associated with pain and reduced quality of
life. Physical impairments can be associated
with worse symptoms and may be an important
target of rehabilitation programmes in this
patient group. Knowledge regarding physical
impairments in people with symptomatic FAI is
limited.

What are the new findings

» People with symptomatic FAI demonstrate
impairments in some hip muscle strength and
single leg balance. This information may assist
therapists in providing targeted rehabilitation
programmes for people with symptomatic FAI.

INTRODUCTION

Femoroacetabular  impingement (FAI) is a
recognised cause of hip pain in young and middle-
aged adults, and is associated with an increased risk
of end-stage radiographic hip osteoarthritis (OA)
and total hip arthroplasty.' FAI is a clinical condi-
tion, where affected patients may present with a
morphological variant in hip shape on radiographs,
with or without associated labral and/or chondral
pathology,” resulting in increased hip/groin pain’®
and reduced activity and quality of life." * FAI
and associated pathologies are characterised by
abutment of the femoral neck against the acetab-
ular rim. Impingement occurs via the jamming of
a non-spherical extension of the femoral head into
the acetabular cavity’ causing damage to the antero-
superior acetabular cartilage and potentially leading
to OA changes in the hip.! ® FAI and associated
pathologies may be considered to represent early-
stage hip degenerative joint disease in the disease
continuum.*” These pathologies will be referred to
collectively as ‘symptomatic FAD in this systematic
review.

Symptomatic FAI can have a significant impact
on pain, function and quality of life outcomes in
young and middle-aged people* ® that may ulti-
mately reduce their capacity to lead active and
productive lives. Identifying potentially modifi-
able impairments in patients with symptomatic
FAI is important. If they can be identified when
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hip degenerative disease is in its early stages, it may be possible
to design rehabilitation interventions to slow the symptomatic
progression of symptomatic FAI. Arthroscopic surgery of the hip
to reshape impingement lesions and salvage acetabular labarum
and chondral surfaces is the most common treatment at present.’
Postsurgical rehabilitation programmes have been described in
detail." ' High-quality evidence to support the effect of either
surgical, non-surgical or postsurgical interventions for patients
with symptomatic FAI is currently lacking. At present the
impairments and disabilities of patients with symptomatic FAI
are poorly understood.'” A greater understanding may lead to
the development of effective interventions (both non-operative
and postoperative) that can reduce pain, improve activity and
enhance quality of life in affected individuals.

The physical impairments and activity limitations of people
with all forms of FAI (cam, pincer and mixed) have been previ-
ously systematically reviewed,'* however that study combined
clinical and laboratory-based biomechanical data and did not
provide standardised effect size measures to facilitate compari-
sons between studies. Moreover, a large number of studies have
been published since the search date of the previous review (June
2013). The goal of this review was to examine physical impair-
ments that can be measured in the clinical setting and encompass
much of the rapidly expanding knowledge and available litera-
ture in the area of physical impairments in people with symp-
tomatic FAL

The aim of this review was to systematically appraise the liter-
ature: (1) to identify physical impairments in adults aged 18-50
years with symptomatic FAI; (2) to compare physical impair-
ments in people with symptomatic FAI with healthy controls;
and (3) to evaluate the effects of interventions targeting physical
impairments in patients with symptomatic FAL

METHODS

The systematic review protocol was developed in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement.”® Literature search criteria and
methods were proposed and agreed on by two authors and were
established a priori to minimise selection bias.

Search strategy

A comprehensive, reproducible search strategy was performed
on the following databases for dates of publication between 1
January 1990 and 22 August 2015: Scopus, Medline, CINAHL,
PubMed, Ausport, SportDiscus, PEDro, PsycINFO and Google
Scholar. January 1990 was selected as the earliest retrieval
record due to the paucity of literature on FAI prior to this date.”
Reference lists of appropriate studies were manually searched
for relevant papers. The search strategy used the PICO format,
and included:

P=human adults with symptomatic FAI, diagnosed by MRI
or at arthroscopy (‘femoracetabular impingement’, ‘labr*’,
‘chondr®’, ‘pathology’, ‘osteoarthritis’, ‘arthritis’, ‘pain’, ‘hip
joint’)

I=surgical and non-surgical interventions (‘arthroscop*’,
‘physiotherapy’, ‘physical therapy’, ‘exercise’, ‘therapy’)

C=people without FAI, labral or chondral pathology
(‘control’, ‘healthy’, ‘asymptomatic’)

O=physical impairments of the hip. This may include hip
joint ROM, hip muscle strength, measures of functional perfor-
mance, EMG, gait analysis (‘hip’, ‘muscle strength’, ‘range of
motion’, ‘range of movement’, ‘range’, ‘movement’, ‘EMG’,
‘impairment’, ‘musculoskeletal’, ‘proprioception’, ‘balance’,

‘motor control’, ‘gait’, ‘kinematic’. ‘stiffness’, ‘weakness’, ‘func-
tion*’, ‘performance’).

The strategy was modified for each database. Titles and
abstracts were screened for relevant studies by two indepen-
dent reviewers (JLK, IS). Any disagreements regarding inclusion
were resolved by an independent arbitrator (KMC). All potential
references were imported into Endnote X6 (Thomson Reuters,
Carlsbad, California, USA) and duplicates were removed. Full-
text versions of identified papers were then retrieved for final
eligibility screening by a single reviewer (JLK).

Eligibility criteria

Studies were eligible for inclusion if they were reported in
English; report level IV evidence or above; contained human
subjects with symptomatic FAI assessed using preoperative diag-
nostic imaging techniques or hip arthroscopy; had at least five
participants; and examined physical impairments of the hip or
functional performance. Symptomatic FAI was defined as the
presence of an impingement variant at the head-neck junction,
and/or associated impingement-type pathologies (such as chon-
dral or labral pathology). Physical impairments included hip joint
range of motion (ROM), hip muscle function (including strength
test and measures of muscular activity collected as electromyog-
raphy (EMG), motor control; balance or proprioception) and
functional task performance (including squatting, walking and
other activities of daily living). Studies specifically examining
kinematics or joint torques were excluded. All quantitative study
designs were considered, including randomised controlled trials
(RCT), prospective or retrospective approaches.* Studies were
excluded if they were case series with less than five participants,
published abstracts, non-peer reviewed or in a language other
than English.

Quality evaluation

The Downs and Black checklist was used to appraise the meth-
odological quality of included studies.’® This has adequate
reliability and validity for assessing non-randomised studies.
The original 27 items were modified to 17 items following the
exclusion of criteria 4, 13, 14, 15, 17, 19, 22, 23, 24 and 27.
There were no RCTs found, therefore only criteria that were
applicable for non-randomised studies were evaluated. Included
studies were rated by two independent reviewers (IS, MF). A
third reviewer audited the ratings of a random selection of
included studies (JLK). Any disagreements between reviewers
were discussed and consensus determined by an independent
arbitrator (JLK). Studies were considered high quality with a
score of more than 60% (10 points or more out of 17).'°

Statistical analyses and data management

All statistical analyses were performed by a single author (JLK)
using SPSS V.21.0 software (SPSS). The 'meta’ package (version
4.9-5), from the R statistical software package (version 3.5.1)
was used to calculate effect sizes (wth 95% CI) and present forest
plots (https://www.r-project.org/). Eligible papers were grouped
where possible based on (1) type of physical impairment or func-
tional performance task reported; and (2) whether a between-
group comparison (symptomatic FAI vs healthy controls) or
within-group comparison (preintervention to postintervention)
was undertaken. Inter-rater agreement on the included Downs
and Black criteria was evaluated using the kappa (x) statistic,
where 0.01-0.20 represents slight agreement; 0.21-0.40
represents fair agreement; 0.41-0.60 represents moderate
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agreement; 0.61-0.80 represents substantial agreement; and
0.81-1.0 represents almost perfect agreement.'* !’

Data from included studies were extracted by two reviewers
(JLK, IS). Authors of included studies were contacted for addi-
tional data where reported data were inadequate for stan-
dardised mean difference (SMD) calculation. Findings were
summarised in tables. Population characteristics (age, gender,
type and description of hip OA, duration of symptoms),
and details of level of evidence, outcome measures, length of
follow-up and any intervention undertaken were collated. SMDs
were calculated to determine the magnitude of differences in
impairments between groups; and was calculated as the mean
difference between groups (between-group), divided by the
patient group SD. Standardised paired differences (SPD) were
calculated to determine the magnitude of the effect between
time points in the patient group (within-group); divided by the
preintervention SD. SMD or SPD magnitude was interpreted
as: =0.8 large effect; 0.5-0.79 moderate effect; and 0.2-0.49
weak effect. Where SMDs or SPDs could not be calculated,
study conclusions were presented. Meta-analysis was under-
taken where study homogeneity and available data allowed. A
best-evidence synthesis'® was conducted where pooling of data
was not possible for each of hip joint ROM, hip muscle function
and functional task performance. In the best-evidence syntheses,
where a study may have examined an impairment in the same
patients using two different methods, we only counted that study
once, to ensure double counting did not occur. If one study used
two different measurement techniques, and the results from
the study were conflicting, we removed this study from the
best-evidence synthesis. Evidence was categorised as ‘strong’ if
there were multiple high-quality cohort studies; ‘moderate’ if
there was either one high-quality cohort study and more than
two high-quality case—control studies, or more than three high-
quality case—control studies; ‘limited’ if there were either one
or two case—control studies, or multiple cross-sectional studies;
and ‘insufficient’ if there was not more than one cross-sectional
study. Evidence was summarised as ‘conflicting’ if findings were
consistent in <75% of the studies, taking into account the partic-
ipants, interventions, controls, outcomes and methodological
quality of the original studies. These classifications were based
on the recommendations of van Tulder et al.*®

RESULTS

Search strategy

Results of the search strategy are contained in figure 1. One
hundred and eighteen full texts were screened, however 96
papers did not meet inclusion criteria, leaving 22 papers in the
final analyses.

Methodological quality

Initial agreement between the two raters was substantial
(k=0.626). Agreement was reached on 328 items out of 381
items in total (81%) (online supplementary appendix 1).
Consensus was obtained on the quality rating for the remaining
77 items. The methodological quality scores ranged from 14
points out of 17 (829%)" % to 8 points out of 17 (47%).% 2%
The overall mean (SD) rating was 10.69 (1.89) points out of
17 (63%).

Participants

The 22 included studies contained 819 patients with FAI in
total, with sample sizes ranging from 7 %' to 112 patients.*
Sixteen studies included age-matched healthy control groups

g | Initial database search strategy n = 974 |
2
®
o
£ r |
€ Di excluded n =71
=
& 1
=
Abstracts screened n = 903 |
= Abstracts not fulfilling inclusion criteria
5 excluded n =785
Q
=
S
]
Full texts screened n = 118 I Excluded n = 88 as not fulfilling inclusion
criteria
n=20 not FAI & associated pathologies
n=17 not clinical measure of impairment
,;' n=21 no measure of impairment
= n=2 abstract only
‘B n=3 review paper
L Studies fulfilling inclusion criteria, rated nigiamplle :IZ::OO small
for methodological quality n = 30 11=22 Unrefatac to review
'8 Excluded n = 8 as not fulfilling inclusion criteria
‘g n=2 no FAl and associated pathologies group
S Studies fulfilling inclusion criteria n=6 not clinical measures
= included in final analyses n = 22
Figure 1 Summary of search strategy results. FAI, femoroacetabular
impingement.

(12 non-surgery, 1 presurgery, 3 postsurgery) and five with-
in-group studies investigated the change in outcome before
and after intervention. One study contained men only.’ The
remaining 21 studies contained both men and women. The
mean (SD) ages for patients in the included studies ranged
from 24° 2! to 37'*?* years. All studies included participants
based on a diagnosis of FAI and associated labral and/or
chondral pathology. The method of diagnoses ranged from
arthroscopic findings' 2° 2* 2 to positive clinical signs on
physical examination,’ #* 27% to radiographic, CT or MRI
diagnosis. 21723 26729 31-35

Outcomes measured

Physical impairment outcomes reported included hip
joint ROM,3 19 20 22 24 30 3133 34 3639 1o uecle fune-
tion,"? %3 26728 30 simulated hip joint ROM using three-dimen-
sional CT or three-dimensional kinematics,?' #° 2% 3135 40 hip
muscle volume,” hip muscle EMG,* *” and functional perfor-
mance tasks such as single leg balance,** squat depth and
pelvic ROM,*" and number of strides per day.>* The reliability
of physical impairment outcomes measured was reported in 7
out of the 23 studies. Reported intracorrelation coefficients
ranged from 0.72%** to 1.0.%*

Main findings

Due to study heterogeneity, it was not possible to conduct
meta-analyses, and therefore a best-evidence synthesis was
conducted. The results for hip joint ROM, hip muscle func-
tion and functional task performance are outlined below. Data
were obtained on request for two papers.” *® There were no
RCTs or non-randomised trials found examining the effect
of different types of interventions for patients with FAI on
physical impairments. All papers included were case—control
or case series studies only, and SMDs and SPDs have been
reported for these studies where able.

Hip joint ROM

Between-group comparison of hip ROM in symptomatic FAI to pain-
free controls

Twelve studies examined hip joint ROM in people with FAI
using goniometers,’ 17 20 2% 2430313334 36538 while simulated hip
joint ROM was reported in five studies (table 1).2! % 27313
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(if unable to calculate

Overall main findings
SMD)

Flex —0.72 (-1.39 to —0.05), Ext
1.21(0.51 to 1.91), Abd -1.37
(—2.08 to —0.65), Add 0.63
(—0.04 to0 1.30), IR —2.26 (-3.07
to —1.46), ER -0.11 (-0.76

(—0.40 to0 0.56), IR —2.27 (-2.89
t0 0.55)

to -1.65), ER -0.71 (-1.21

difference (SMD) magnitude
t0 —0.22)

or standardised paired
difference (SPD) (95% Cl)

Standardised mean
(—1.46 to —-0.44), Add 0.08
Cam versus controls

Flex 121 (12); Ext 58  All hips versus controls

(20); Abd 63 (11); Add  Flex —1.13 (~1.65 to 0.61), Ext
33(12);IR35(12); ER 0.08 (-0.41 to 0.56), Abd —0.95

Control group
mean (SD)
101 (15)

Hip group mean
(16); Ext 60 (32); Abd

2 (12); Add 34 (13);
IR12 (7); ER 83 (33).
Cam—Flex 111 (18);
Ext 86 (30); Abd 47
(13); Add 41 (14); IR
10 (6); ER 99 (27)

(SD)
All hips: Flex 105

Results
R, internal rotation; M, male; MD, mean difference; N, neutral hip position; n/a, not applicable; ROM, range of movement; THA, total
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31(10)
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3-D CT models
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3-D CT modelling
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12) CT diagnosis measure of hip ROM

12, pincer n

Inclusion pathology

Study characteristics

FAI (cam n:
combined n

Continued

dified
Downs and Black
appraisal)

using mo
No randomised clinical trials were available to include in this review. Significant positive SMDs indicate greater ROM in the hip group.

*Mean (SD).
hip arthroplasty; W, woman; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

3-D, three dimensional; AP, anterior/posterior; Abd, abduction; Add, adducti

Paper (total score
Tannast et af®

(1117)

Table 1

Symptomatic Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl
Comparison = Bet
Tannast abd ROM cam FAIvs comrols 12 470130 36 630 11.0 —— -1.37 [-2.08;-0.65]
Nussbaumer gonio abd FAI vs controls 15 300 70 15 390 7.0 — 125 [:2.04; -0.46]
Kennedy 2009 abd FAl vs controls 17 380 90 14 480 60 —— -1.25 [-2.03;-0.47]
Nussbaumer ETS abd FAI vs controls 15 290 70 15 370 80 —— -1.04 [-1.80;-0.27]
Kubiak-Langer abd FAI vs controls 28 520120 33 630 11.0 —— -0.95 [-1.48;-0.41]
Comparison = Be imb
Emara abd symp(omallc vs asymptomatic leg 37 370 04 37 430 30 —_— 277 [-342;-2.13]
Clohisy abd FAI symptomatic vs asymptomaticleg 52 380 110 51 410 10.0 028 [-067; 0.11]
4 3 2 -1 0 1
Symptomatic Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl
Nussbaumer gom& add FAIvs controls 15 230 40 15 270 60 -0.76 [1.51:-0.02]
Kennedy 2009 add FAI vs controls 17 230 80 14 230 80 0.00 [-0.71; 0.71]
Nussbaumer ETS add FAI vs controls 15 220 40 15 220 30 0.00 [-0.72; 0.72]
Kubiak-Langer add FAI vs controls 28 350120 33 330 120 0.16 [-0.34; 067]
Tannast add ROM cam FAI vs controls 12 410140 36 330 120 0.63 [-0.04; 1.30]
Cc Between Lim!
Clomsy add FAI symmomatlc vs asvmplomauc leg 52 170 70 51 190 80 -0.26 [-0.65; 0.12]
Emara add symptomatic vs asymptomatic leg 37 170 70 37 190 80 026 [-0.72; 0.19]
3 02 A 0 1 2
Symptomatic Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl
Kubiak-| Lénger flex FAI vs controls 28 1050 120 33 1220 160 —— 117 [1.72;-063]
Nussbaumer ETS flex FAI vs controls 15 850150 15 940 80 -0.73 [-1.47, 0.01]
Tannast flex cam FAI vs controls 12 1110 180 36 1210 120 -0.72 [-1.39;-0.05]
Kemp men flex FAI vs controls 42 1050 100 19 1120 120 — -0.65 [1.20;-0.09]
Kemp women flex FAI vs controls 42 1080 170 41 1160 90 - -0.58 [-1.02,-0.14]
Nussbaumer gonio flex FAI vs controls 15 1040 160 15 1120 11.0 -0.57 [-1.30; 0.17]
Kennedy 2009 flex FAI vs controls 17 1100 100 14 1140 90 -0.41 [-1.12; 0.31)
Comparison = Between Lim
Emara flex symptomatic vs asymptomatic leg 37 950 04 371030 30 —M— 370 [4.46;,-2.94]
Clohisy flex FAl symptomatic vs asymptomaticleg 52 97.0 90 51 101.0 11.0 -0.40 [-0.79;-0.01]
5 4 3 2 4 0 1
Symptomatic Control smndardlsed Mean
Study Total Mean SD Total Mean SD SMD 95%-Cl
Comparison = Between Grou
Kennedy 2009 ext FAIVS controls 17 210 90 14 270 50 -0.78 [-1.52,-0.04]
Kubiak-Langer ext FAl vs controls 28 610320 33 570200 0.15 [-0.35; 0.66]
Kemp men ext FAl vs controls 42 230100 19 200 90 0.31 [-0.24; 0.85]
Kemp women ext FAI vs controls 42 250100 41 210 70 0.46 [0.02; 0.89]
Tannast ext cam FAI vs controls 12 860 300 36 580200 —— 121 [051, 1.91]
Comparison = Be n Limk
Clohisy ext FAl symptomatic vs asymptomaticleg 52 40 60 51 40 60 0.00 [-0.39; 0.39]
Emara ext symptomatic vs asymptomatic leg 37 40 16 37 40 20 0.00 [-0.46; 0.46]
3002 4 0 1 2
E Symptomatic Control Standardised Mean
Study Total Mean SD Total Mean SD ifference SMD 95%-Cl
Comparison =B
Nussbaumer gonio ER FAIVS camrols 15 360 100 15 450 50 —a— -1.11 [1.88;-033]
Kennedy 2009 ER FAI vs controls 17 200 40 14 260 70 el -1.05 [-1.81;-0.29]
Kubiak-Langer ER FAI vs controls 28 830340 33 1030 140 —— -0.78 [-1.31;-0.26]
Nussbaumer ETS ER FAI vs controls 15 300 80 15 350 40 -0.77 [-151;,-0.02]
Kemp women ER FAl vs controls 42 330100 41 360 80 -0.33 [-0.76; 0.11]
Tannast ER ROM cam FAI vs controls 12 990270 36 101.0 150 -0.11 [-0.76; 0.55]
Kemp men ER FAl vs controls 42 430100 19 440 80 -0.10 [-0.65; 0.44]
Comparisor
Emara ER@0 symplomanc Vs asymplomauc leg 37 250 03 37 232 [292,-1.72)
Emara ER@90 symptomatic vs asymptomatic leg 37 290 10 37 -1.70 [-2.23;-1.16]
Clohisy ER@90 FAI symptomatic vs asymptomaticleg 52 280 150 51 30.0 16.0 -0.13 [-0.51; 0.26]
3 2 1 0 1 2
Symptomatic Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl
Comparison = Between Groug
Kubiak-Langer IR FAlvs conlruls 28 110 70 33 350 70 -3.38 [-4.18;-2.59]
Tannast IR ROM cam FAI vs controls 12 100 60 36 350 120 2.26 [-3.07;-1.46]
Audenaert 2012 hip vs health control IR 10 129 64 10 278 76 2,03 [-3.15,-0.91]
Kennedy 2009 IR FAl vs controls 17 80 30 14 120 50 0.97 [-1.72,-0.22]
Nussbaumer gonio IR FAI vs controls 15 260 110 15 340 100 0.74 [-1.48; 0.00]
Kemp men IR FAI vs controls 42 290 80 19 350 80 -0.74 [-1.30;-0.18]
Nussbaumer ETS IR FAI vs controls 15 240100 15 290 90 051 [1.24; 022]
Kemp women IR FAI vs controls 42 310120 41 360 70 -0.50 [-0.94;-0.07]
Comparison = Between Limb
Emara IR@90 symptomatic vs asymptomatic leg 37 90 03 37 150 30 -2.78 [-343;-2.14]
Emara IR@0 symptomatic vs asymptomatic leg 37 160 04 37 190 30 1.39 [-1.90; -0.88]
Audenaert 2012 hip vs asymptomatic leg IR 10 129 64 10 209 91 0,97 [-191:-0.03]
Clohisy R@90 FAI symptomatic vs asymptomaticleg 52 90 80 51 120 80 -0.37 [-0.76; 0.02]
1

Figure 2

(A—F) Between-group SMDs for hip ROM (based on only

case—control studies, no randomised controlled trials (RCT) were found).
Significant positive SMDs indicate greater ROM in the hip group. abd,
abduction; add, adduction; ER, external rotation; ETS, electromagnetic
tracking system; ext, extension; FAI, femoroacetabular impingement;
flex, flexion; IR, internal rotation; ROM, range of movement; SMD,
standardised mean difference.

Between-group SMD data for case—control studies examining
hip muscle ROM are contained in figure 2. SMDs were able

to be calculated for eight case—control studies.

319222529-3133 34

Compared with healthy controls there is limited evidence that
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Pre
Study Total Mean SD
Kubiak-Langer IR pre to post virtual surgical resection 28 110 70
Kubiak-Langer flex pre to post virtual surgical resection 28 1050 120
Emara IR@90 pre to post physiotherapy programme 37 90 03
Bedi clinical IR ROM pre to post hip arthroscopy 10 175 114
Kubiak-Langer abd pre to post virtual surgical resection 28 520 120
Bedi simulated IR pre to post hip arthroscopy 10 191 130
Kubiak-Langer ext pre to post virtual surgical resection 28 610 320
Kubiak-Langer ER pre to post virtual surgical resection 28 830 330
Kubiak-Langer add pre to post virtual surgical resection 28 350 120
Emara add pre to post physiotherapy programme 37 170 70
Emara ER@O0 pre to post physiotherapy programme 37 250 03
Emara IR@O0 pre to post physiotherapy programme 37 160 04
Emara ext pre to post physiotherapy programme 37 40 16
Emara abd pre to post physiotherapy programme 37 370 04
Emara ER@90 pre to post physiotherapy programme 37 290 10
Emara flex pre to post physiotherapy programme 37 950 04

Post Standardised Mean
Total Mean SD Difference SMD 95%-CI
28 360150 —— 211 [2.77;-1.44]
28 1250 100 —W— 179 [-2.41;-1.16]
33 100 1.0 - -1.37 [-1.90; -0.85]
10 310 84 —W— -1.29 [-2.28; -0.31]
28 640 80 - 116 [1.73;-0.59)]
10 284 129 —l— -0.69 [-1.60; 0.22]
28 71.0 260 - 0.34 [-0.87; 0.19]
28 040 330 i -0.33 [-0.86; 0.20]
28 36.0 150 -0.07 [-0.60; 0.45]
33 170 90 0.00 [-0.47; 0.47]
33 250 10 0.00 [-0.47; 0.47]
33 160 1.0 0.00 [-0.47; 0.47]
33 36 22 0.21 [-0.26; 0.68]
33 360 14 - 0.99 [0.49; 1.48]
33 270 10 - 1.98 [1.40; 2.56]
33 880 40I — |_._| | 251 [1.87; 3.14]
3 2 10 1 2 3 4

Figure 3 Within-group SMDs for hip ROM. Significant positive SMDs indicate greater ROM at the postintervention time point. abd, abduction; add,
adduction; ER, external rotation; ext, extension; flex, flexion; IR, internal rotation; ROM, range of movement; SMD, standardised mean difference.

those with FAI syndrome have reduced hip abduction and
flexion ROM, no differences in hip adduction or extension
ROM and conflicting results for external rotation (ER) and
internal rotation (IR) ROM. In studies where SMDs were not
able to be calculated, results were also conflicting. Ross et
al reported no difference in ROM, except flexion (p=0.03)
between hockey goalies with greater alpha angles and femoral
retroversion, compared with positional players.*” In contrast,
Philippon et al compared the painful with the non-painful leg
in people with symptomatic FAI prior to hip arthroscopy, and
reported reduced ROM in all planes of movement (p=0.001
to p<0.001).%°

Within-group comparison of effect of intervention on hip ROM
Within-group SPD data for studies examining hip joint ROM
are contained in figure 3 and table 2. Evidence for with-
in-group change from preintervention to post-treatment time
points remains limited and inconclusive. Three studies exam-
ined within-group change over time, and results were mixed
in each, and therefore remain inconclusive. One high-quality
case series,”’ one moderate-quality case series” and one
low-quality case series’® all demonstrated conflicting SPDs
comparing prephysiotherapy to postphysiotherapy treatment
for FAL

Hip muscle function

Hip muscle function (including strength, electrical activity
and muscle volume) was examined in six studies.'? 2* 26728 30
Results are contained in tables 2 and 3. Between-group SMD
for hip muscle function contained in table 2 and figure 4
and within-group SPDs contained in table 3 and figure 5.
Hip muscle strength was measured and reported in all six
studies,' %> 2672830 in addition hip muscle cross-sectional area
was examined in one study”® and two studies reported on
hip muscle EMG activity.?* 2 SMDs for hip muscle strength
were able to be calculated for all six studies.'” *3 26728 30
Results were mixed, with moderate conflicting evidence for
greater strength in hip adduction and ER; limited evidence for
greater hip flexion strength; and limited conflicting evidence
for greater hip extension and abduction strength favouring
controls, compared with FAI syndrome participants (table 3).

In addition, strength deficits are apparent in women with FAI
in all hip muscle compared controls, whereas deficits in men
appear only in flexion and adduction strength. For muscle size,
results were mixed, where tensor fascia lata (TFL), sartorius
and psoas were significantly smaller in the injured leg of the
person with FAI compared with healthy controls.*® Hip muscle
EMG amplitude was reported in two studies, and SMDs were
able to be calculated for both studies.® %’ There were signifi-
cant between-group effects for rectus femoris and TFL EMG
activity when comparing people with FAI to controls during
a resisted hip flexion exercise task in standing.”” For with-
in-group effects, one study compared hip muscle strength
before hip arthroscopy with 2.5 years after hip arthroscopy.”?
Calculation of SPDs revealed no significant within-group
change from the preoperative to the postoperative time point
for hip muscle strength measures except hip IR.

Best-evidence synthesis for hip muscle strength indicated
evidence of limited quality, with one high-quality case—control
study” and no RCTs. The remaining studies were moderate or
low in quality.

Functional tasks (squat depth, pelvic ROM, single leg balance,
number of strides)
A number of different clinical measures of functional tasks were
reported. SMD data for case—control studies examining hip func-
tional tasks are contained in table 3 and figure 6. These included
squat depth, pelvic ROM, single leg balance and number of
strides.?* 267283241 There were no significant differences for squat
depth*! pelvic ROM,*! or total number of daily strides®* between
people with FAI and controls. In addition, when people after hip
arthroscopy undertook a dynamic single leg squat task, signifi-
cant moderate between-group effects were noted compared with
controls, where patients with FAI demonstrated increased medi-
al-lateral sway (effect size (ES) —0.57, 95% CI —0.76 to —0.38)
and worse anterior-posterior control (—0.45, 95% CI —0.57 to
—0.34),* both indicators of reduced dynamic balance.**
Best-evidence synthesis for functional tasks provided varying
evidence depending on the challenges of the activity. One high-
quality case—control study®* reported significant between-group
SMDs for a dynamic balance task, while the remaining study
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A Symptomatic Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-CI
Comparison = Between Group
Kemp women ABD strength FAI vs controls 42 1204 41 16 04 —il— -1.14 [-1.60;-0.67]
Harris-Hayes 2014 ABD strength hip pain vs controls 3% 7020 35 8918 —i— -1.01 [-1.51;-0.52]
Casartelli 2014 ABD strength FAI vs healthy control 8 1905 8 2202 —— -0.71 [[1.73; 0.31]
Kemp men ABD strength FAI vs controls 42 1704 19 1804 _1.__ 027 [081; 028
2 15 1 05 0 05 1
B Symptomatic Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl
Comparison = Between Group
Kemp women ADD strength FAI vs controls 42 1004 41 1404 ——- -1.16 [-1.62;-0.69]
Casartelli 2014 ADD strength FAI vs healthy control 8 1608 8 2406 —— -0.97 [-2.02; 0.09]
Kemp men ADD strength FAI vs controls 42 1404 19 1705 [ ] —I.— [ | -0.80 [-1.36;-0.24]
-3 -2 -1 0 1 2
C Symptomatic Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl
Comparison = Between Group
Kemp women EXT strength FAI vs controls 42 1005 41 1404 —B— -1.02 [-1.48; -0.56]
Kemp men EXT strength FAI vs controls 42 1406 19 1605 —i— -0.48 [-1.03; 0.07]
Casartelli 2014 EXT strength FAI vs healthy control 8 1712 8 2211 : I—I—— I | -0.39 [-1.39; 0.60]
2 -1 0 1 2
D Symptomatic Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-CI
Comparison = Between Group
Casartelli 2014 FLEX strength FAI vs healthy control 8 1204 8 1903 —i— -1.61 [-2.79;-0.44]
Kemp women FLEX strength FAI vs controls 42 1004 M1 14 04 —— -1.27 [-1.75;-0.80]
Kemp men FLEX strength FAI vs controls 42 1204 19 1503 —— -0.85 [-1.41;-0.28]
Casartelli 2012 FAI vs healthy control hip FLEX MVC 15 1005 15 1204 -0.58 [-1.31; 0.16]
Casartelli 2012 FAIl vs healthy control hip FLEX submax fatigue 15 1004 15 1204 | | | | | |-0.50 [-1.23; 0.23]
-4 3 -2 1 0 1
E Symptomatic Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-CI
Comparison = Between Group
Harris-Hayes 2014 ER@O strength hip pain vs controls 35 2808 35 3609 —l— -0.95 [-1.44;-0.45]
Kemp women ER strength FAI vs controls 42 0602 41 0702 —i— -0.75 [-1.20;-0.31]
Harris-Hayes 2014 ER@90 strength hip pain vs controls 3% 3608 35 4211 —i— -0.70 [-1.18;-0.21]
Casartelli 2014 ER strength FAI vs healthy control 8 0502 8 0601 —— -0.55 [-1.55; 0.46]
Kemp men ER strength FAI vs controls 42 0803 19 0903 | | |_|!__ | | -0.40 [-0.94; 0.15)
2 15 1 05 0 05 1
F Symptomatic Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-CI
Comparison = Between Group
Harris-Hayes 2014 IR@90 strength hip pain vs controls 3% 3611 35 5016 —l— -0.99 [-1.49; -0.49]
Harris-Hayes 2014 IR@0 strength hip pain vs controls 3% 2407 35 3008 —H— -0.82 [-1.31;-0.33]
Kemp women IR strength FAI vs controls 42 0402 41 0602 —— -0.79 [-1.24;-0.34]
Casartelli 2014 IR strength FAI vs healthy control 8 0502 8 0601 —— -0.78 [-1.81; 0.25]
Kemp men IR strength FAI vs controls 42 0602 19 0702 [ | | —— | -0.31 [-0.86; 0.23]
-3 -2 -1 0 1
Figure 4 (A-F) Between-group SMDs for hip muscle strength (based on only case—control studies, no randomised controlled trials (RCT) were

found). Significant positive SMDs indicate greater strength in the hip group. ABD, abduction; ADD, adduction; ER, external rotation; EXT, extension; FAl,
femoroacetabular impingement; FLEX, flexion; IR, internal rotation; MVC, maximal voluntary contraction; SMD, standardised mean difference.
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Post Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl
0502
0502

Casartelli 2014 IR strength pre to post hip arthroscopy 8 0802
Casartelli 2014 ER strength pre to post hip arthroscopy 8
Casartelli 2014 EXT strength pre to post hip arthroscopy 8
Casartelli 2014 FLEX strength pre to post hip arthroscopy 8
Casartelli 2014 ADD strength pre to post hip arthroscopy 8
Casartelli 2014 ABD strength pre to post hip arthroscopy 8

9
~
@ 0 0w w o

Figure 5 Within-group SMDs for hip muscle strength. Significant
positive SMDs indicate greater strength at the postintervention time
point. ABD, abduction; ADD, adduction; ER, external rotation; EXT,
extension; FLEX, flexion; IR, internal rotation; SMD, standardised mean
difference.

was of moderate quality and reported no differences in number
of strides.”

DISCUSSION

This systematic review included 22 studies (16 case—control
studies—level III evidence, 1 cross-sectional comparison—
level TV evidence, 5 case series—level IV evidence) to establish
whether people with symptomatic FAI demonstrated phys-
ical impairments and/or functional limitations compared with
people without symptomatic FAI. No RCTs were found. Four
of the studies evaluated the ‘within group’ effects of surgical and
conservative intervention on ROM (three studies) and muscle
strength (one study). This review found limited evidence that
people with symptomatic FAI have significant differences in
hip muscle function in both ‘between group’ (favouring the
control group) and ‘within group’ (favouring postintervention)
studies. There was limited, conflicting evidence to suggest ROM
and functional deficits exist when compared with individuals
without symptomatic FAI or for postintervention using ‘within
group’ comparisons.

Reduced hip ROM into flexion, IR and adduction® 2031334246
is commonly reported in FAI research. In the current review,
these restrictions were only significant for abduction and
flexion. The five between-group studies with sufficient data
for SMD calculations® ¥ % 23313334 were limited in quality, and
demonstrated mixed findings for measures of hip ROM. This
suggests that while cam abnormalities may be associated with
increased bony impingement/abutment and soft tissue damage,*’
it is unclear whether symptomatic FAI is associated with lower
hip ROM. It is possible that computer simulations or X-ray
studies that rely on direct bone contact to predict impingement
may be unrealistic.*® It might also reflect that some studies eval-
uated participants after surgery, which may have influenced the
results. Surgical interventions had no significant effect on hip
ROM. Evaluation of ‘within group’ studies describing surgical
intervention to remove the cam abnormality” *' indicated no
significant changes to ROM. Surgery to restore hip ROM should
be questioned in light of these findings. Thus, while further high-
quality studies are clearly needed, the best available evidence for
impairments in ROM in people with symptomatic FAI is limited

Standardised Mean
Difference SMD

Symptomatic Control

Study Total Mean  SD Total Mean  SD 95%-Cl

Harris-Hayes 2012 total daily steps FAI vs controls 74 50950 23540 20 51920 2164.0
Hatton SL squat anterior-posterior sway (SD) FAI vs controls 63 14 05 60 12 03 ——
Hatton SL squat medial-lateral sway FAI vs controls 63 35 08 60 31 04 —

-0.04 [-0.54; 0.45]
045 [0.09;0.81)
056 [0.20;092]

2 Bl 0 1 2

Figure 6 SMDs for functional tasks (based on only case—control
studies, no randomised controlled trials (RCT) were found). Significant
positive SMDs indicate greater functional task performance in the

hip group. FAI, femoroacetabular impingement; SL, single leg; SMD,
standardised mean difference.

in quality, and may not be the most appropriate primary target
for treatment regimes.

Hip muscle function was somewhat impaired in those with
FAL although the evidence was limited by the small number and
overall low quality of included studies. The six studies where
SMD could be calculated® 26728 3° % indicated mixed results,
with limited evidence for hip flexion strength, and moderate and
conflicting evidence for adduction and ER strength favouring
the control group. While the overall results were mixed, in a
single high-quality case—control study, women were impaired
in all hip muscle strength measures, whereas men were only
impaired in flexion and adduction strength.'” This suggests that
future research should consider examining hip muscle func-
tion for men and women separately. One study showed signif-
icant difference in hip flexor EMG activity in people with FAI
compared with controls.”” However, the EMG amplitude in this
study was not normalised to a submaximal or maximal contrac-
tion reference value and the validity of comparing raw EMG
signals between groups is not considered valid because it can
be affected by factors such as adiposity, position of electrodes
and skin impedance.’® The impingement pain induced by symp-
tomatic FAI’ * may play a role in inhibiting muscle contraction
around the hip. Studies have shown experimentally induced
knee joint pain reduces flexion and extension muscle strength by
59%-15% compared with the control conditions®" and patients
suffering with knee OA reported 20%-40% less quadriceps
strength than healthy controls.’” For sufferers of knee OA, resis-
tance training may increase strength by 5%-71%"* and has been
shown to be beneficial for sufferers of hip OA.*® The strength
deficits noted in this study suggest that programmes to improve
strength may provide a positive rehabilitation intervention for
both presurgical and postsurgical symptomatic FAI sufferers.
There are no studies comparing temporal EMG measures such
as muscle contraction onset, offset and duration. Further studies
are required to investigate strength and muscle activity in people
with symptomatic FAI across all movement directions and should
include asymptomatic control groups that have been imaged to
ensure absence of cam abnormalities. These studies may include
measuring preoperative muscle strength and progress to follow
muscle strength changes through postoperative rehabilitation
programmes.

Functional task performance was not impaired in people with
symptomatic FAI. While there was no difference in static balance
on one leg with eyes closed between people after hip arthros-
copy compared with controls, the same patients demonstrated
reduced balance via increased medial-lateral sway and worse
anterior-posterior control during a dynamic single leg squat
task.”* The control groups used were only age, sex and physical
activity matched for one study.* One study had low numbers
of controls significantly older than the symptomatic group and
defined only by age,*” the remaining study matched only by age
and body mass.*" A lack of consistency in the control groups
makes it difficult to have confidence in the validity of between-
group differences reported. These findings are similar to those in
a recent study by Charlton et al that reported patients’ posthip
arthroscopy having increased frontal plane hip adduction and
knee valgus compared with controls.”* The authors suggested
that this may perpetuate impingement load in the hip during
single leg functional tasks and called for targeted rehabilita-
tion programmes to improve lower limb control during these
tasks.’* Biomechanically, some studies suggest that symptomatic
FAI affects walking by reducing speed” and limiting ROM in
the sagittal and frontal planes™™ as well as reducing peak hip
extension, abduction,’® *” adduction and IR during the stance
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phase of gait.’® These findings contradict the conclusions of
this review where evidence for ROM differences between indi-
viduals with symptomatic FAI and normal controls was limited
and mixed. It should also be noted that normal gait does not
require hip joint motion to end of range so non-significant ROM
reductions should not affect gait by restricting movement. More
studies are required in functional limitations in individuals with
symptomatic FAL

This review enhances the body of literature examining the
physical impairments and functional limitations within sufferers
of symptomatic FAL. When reviewing the physical impair-
ments and activity limitations in people with FAI impingement,
Diamond et al'* reported decreased ROM into directions of
hip joint impingement, altered sagittal and frontal plane hip
ROM during gait, altered sagittal plane hip ROM during stair
climbing and decreased hip adductor and flexor muscle strength.
The conclusions of this paper differed. While 9 out of the 14
papers cited by the Diamond study were included in this review,
five were excluded as not having clinically useable measures
of strength and ROM. The current review included evidence
gained from an additional 13 papers; these data resulted in a
different conclusion regarding the effect of symptomatic FAI on
ROM and function. The utilisation of effect size measures has
allowed an unbiased appraisal of existing literature to clarify
physical examination findings that can be expected during the
objective assessment of individuals presenting with symptomatic
FAIL. However, we acknowledge the limitations of utilisation
of effect sizes only based on case—control studies, not based on
RCTs (as there are no RCTs within this topic). These important
findings can be used to develop rehabilitation programmes for
both conservative management and postsurgical rehabilitation.
Emara et al* suggest modifications to those activities of daily
living that may be exacerbated by FAI and maintaining function
within ‘safe range of movement’ as a means of improving func-
tion and reducing symptoms. Other modifiable impairments such
as greater hip flexion range and adduction strength have been
associated with higher quality-of-life patient-reported outcome
scores in patients with chondrolabral pathology 12-24 months
after hip arthroscopy.® Programmes targeted at improving these
specific impairments as well as other strength and functional
movement patterns around the hip may help improve functional
outcomes for those with symptomatic FAIL

This review was able to use 22 articles in an area of rapidly
expanding research, some with conflicting observations. Studies
were eligible for inclusion if they contained human participants
with symptomatic FAI assessed using preoperative diagnostic
imaging techniques or hip arthroscopy; had at least five partici-
pants; and examined physical impairments of the hip. In an effort
to make this paper clinically relevant, only papers including
measures of ROM and strength were reviewed. Despite meeting
these criteria, some of the inclusions may have suffered from rela-
tively small sample sizes and poorly described methodology. As
15%-29% of the population®®®! have asymptomatic cam-type
abnormalities, their potential inclusion within the control group
may have affected results. When examining the evidence for
the effect of symptomatic FAI, all papers containing ‘impinge-
ment related pathology’ were included. Restricting searches
to the English language may have potentially omitted studies
that could have been included in this review and the findings
should be interpreted in light of these limitations. It is recom-
mended that future populations studied need more specific diag-
nostic labelling to be able to examine the differences between
specific patient groups. There is an urgent need for RCT designs
to address questions related to differences between groups for

different types of interventions. Future research should also
examine the relationship between symptoms and impairments
in symptomatic FAIL

The strengths of this review include using a thorough search
strategy, comprehensive evaluation of multiple databases and
usage of the Downs and Black checklist to appraise the meth-
odological quality of included studies."® This has adequate reli-
ability and validity for assessing non-randomised studies. This
review also included the calculation of SMDs, ensuring an
unbiased evaluation of effect sizes, taking into account sample
sizes and variability of data within individual studies. Areas for
future research should aim at providing a better understanding
of the ROM, strength and functional limitations encountered
by sufferers of symptomatic FAI. These studies should include
age, weight, sex and activity matching of controls and partici-
pants as well as radiographic screening to prevent the inclusion
of asymptomatic cam abnormalities among the controls which
may potentially compromise the normal data.

In conclusion, people with symptomatic FAI demonstrate
some deficits in hip muscle strength when compared with a
control population, as well as reduced dynamic balance on one
leg. However, no RCTs have evaluated the effect of different
types of interventions for symptomatic patients with symptom-
atic FAL Furthermore, the evidence for hip joint ROM deficits in
people with symptomatic FAI to control subjects was mixed. In
the papers assessed, there was no other compromise of function
in squatting, total daily strides or static balance. Further research
is needed to determine whether symptomatic FAI affects other
aspects of functional performance; and to evaluate whether
targeted strength training or skill acquisition interventions can
improve hip muscle strength and physical function in symptom-
atic FAL
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Correction: Physical impairments in symptomatic
femoroacetabular impingement: a systematic review of
the evidence

Freke M, Kemp JL, Svege 1, ef al. Physical impairments in symptomatic femoroacetabular
impingement: a systematic review of the evidence. Br ] Sports Med 2016;50:1180. doi: 10.1136/
bjsports-2016-096152

Due to a formula error, the authors have re-run the correct confidence in intervals with the
following changes noted: all figures re-drawn; all tables amended; reflection of corrections
shown in the text. The corrections are now showing online.
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