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A B S T R A C T

This systematic review aims to assess the diagnosis, indications and treatment of femoroacetabular impinge-
ment (FAI) prior to the year 2000 and to determine if historical concepts remain applicable today. PUBMED,
MEDLINE and EMBASE were searched for literature evaluating the diagnosis/treatment of FAI prior to 2000.
Cadaver/non-human, non-English and review studies were excluded. Quality assessment was performed using the
Methodological Index for Non-Randomized Studies. Nine studies comprising 307 patients [315 hips; mean age
of 32.6 6 2.4 years (range, 12–58)] were included. Patients reported groin pain. Magnetic resonance arthrography
(MRA; n¼ 76) and the anterior impingement test (AIT) (n¼ 88) were used to diagnose impingement. Surgical
dislocation with a trochanteric flip osteotomy (n¼ 237) and Bernese periacetabular osteotomy (n¼ 40) were
common treatments. Pain and range of motion improved for patients. Overall complication rate was 35%
(n¼ 99), with heterotopic ossification (n¼ 79) most commonly reported. Prior to 2000, there was low quantity
and quality of research on the diagnosis/management of FAI. Diagnostic evaluation was primarily through clinical
examination (i.e. groin pain and AIT). MRA was occasionally used to detect labral degeneration; however, utiliza-
tion of computed tomography (CT) and diagnostic injections were not reported. Surgical dislocation and osteot-
omies of the acetabulum yielded desirable short-term clinical outcomes with a moderate complication rate. No
study reported using arthroscopy for FAI management prior to 2000. Clinicians today can learn from historical
principles (i.e. clinical diagnosis of FAI, management with surgical correction of femoral head–neck offset) while
applying novel techniques (i.e. CT, injections, arthroscopic surgical techniques and rehabilitation) to improve pa-
tient outcomes.

Level of Evidence: IV (systematic review of III and IV evidence).

I N T R O D U C T I O N
Femoroacetabular impingement (FAI) is a clinical syn-
drome in which there are abnormalities in the anatomical
structure of the femoral head and/or the acetabulum [1].
Described by Ganz et al. [1] in 2003, there are three pat-
terns of abnormality that can occur in FAI: cam, pincer
and mixed. Abnormal/aspherical morphology of the

proximal femur is characteristic of cam deformity, while
pincer deformity is a result of over-coverage of the femoral
head by the acetabulum [1]. Mixed FAI is a combination
of both cam and pincer deformity [1]. These morphologic-
al abnormalities result in non-typical contact between the
femur and the acetabulum during hip motion [1]. This
syndrome can lead to cartilage and labral damage, along
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with hip pain [1]. Over time, such damage can progress to
degenerative disease, with increasing evidence suggesting
FAI in the development of hip osteoarthritis (OA) [2].
Pediatric hip disorders, high-impact athletic activities and
genetic factors have all been proposed as possible mecha-
nisms for the development of FAI [2, 3]. The prevalence
of FAI is roughly 10–15% in the general adult population,
with children that participate in high-intensity sports being
ten times more likely to develop cam deformity than age-
matched counterparts [4]. The prevalence of symptomatic
athletes is 55%, much greater than the general adult popu-
lation [4].

Physical examination and assessment of range of motion
(ROM) is typically conducted to assess for FAI [5, 6]. The
flexion, adduction and internal rotation (FADIR) test is
most commonly used by surgeons [5]. Additionally, mag-
netic resonance arthrography (MRA) is recommended to
evaluate the labrum to verify the presence of FAI [7].
Non-operative and surgical options exist for treatment of
FAI [4]. Non-operative management includes activity
modification, physical therapy and pain medication [4]. If
non-operative techniques fail, a number of hip preservation
techniques exist to relieve symptoms of pain, improve
function and decrease risk/progression of hip OA [4].
These include open surgical hip dislocation, reverse peria-
cetabular osteotomy, mini-open direct anterior approach
and hip arthroscopy [4].

Prior to 2003, little has been reported regarding the
diagnosis and treatment of FAI [8]. The idea that impinge-
ment causes hip pain and reduces ROM was initially
reported by Smith-Pedersen in 1936 [9]. Smith-Pedersen
performed acetabular rim trimming and femoral neck
osteoplasty in patients that presented with acetabular pro-
trusion and chronic slipped femoral capital epiphysis
(SCFE) [9]. In 1965, the first description of femoral
morphology leading to hip OA, was confirmed by Murray
[10]. Murray described tilt deformities of the proximal
femur, deformities of SCFE and Perthes deformity as
causes of hip OA [10]. Femoral deformity gained more at-
tention, in the 1980s, with Harris’ description of pistol grip
deformity [10]. An understanding of FAI culminated once
the surgical hip dislocation technique was established [10].

As FAI has gained more attention, there has been a
rapid rise in publications corresponding to FAI-related re-
search [11]. A review, published by Ayeni et al. [12] in
2011, reported that between the years 2005 and 2010 there
were a total of 298 relevant studies and a 5-fold increase in
the number of publications related to FAI. More recently,
a systematic review published in 2016, which used the
same search criteria as Ayeni et al. found a total of 1066
studies related to FAI that were published between 2011

and 2015, 3.5 times more articles in comparison to 2005–
10 [13]. As FAI is a relatively new clinical syndrome
described in the field of orthopedics, there has been rapid
increase in research related to this syndrome; however, to
date, there has not been any systematic review that has crit-
ically analyzed the diagnosis, management and treatment
of FAI prior to the year 2000. Hence, the purpose of this
study was to systematically assess methods by which clini-
cians diagnosed and treated FAI prior to 2000 and to de-
termine if historical treatment concepts remain applicable
to current practices. We hypothesize that there will be a
low quantity and quality of research available on FAI prior
to the year 2000. Furthermore, we predict that clinical
diagnosis of FAI would be similar to current practices,
however, advanced diagnosis and treatment techniques
would differ.

M A T E R I A L S A N D M E T H O D S

Search strategy
Three online databases (PUBMED, EMBASE and
MEDLINE) were searched for studies examining FAI from
database inception to 31 December 2005. The search
terms included ‘impingement’, ‘femur’, ‘acetabulum’, ‘surgi-
cal’ and other similar terms (Supplementary Appendix
Table SAI). The search terms were also entered into
Google Scholar and a hand search was performed to en-
sure that the articles were not missed. The research ques-
tion and inclusion/exclusion criteria were established a
priori. Inclusion criteria included: (i) all levels of evidence;
(ii) studies assessing the diagnosis of FAI; (iii) studies
assessing the treatment of FAI; (iv) those that included
only patients treated prior to the year 2000 and (v) human
subjects. The exclusion criteria included: (i) cadaver/non-
human studies; (ii) review articles; and (iii) non-English
studies. The search was extended to 2005 to ensure that
studies that treated patients prior to the year 2000 were
included despite being published after 2000. Studies had to
explicitly state the year the patients were treated to deter-
mine eligibility.

Study screening
A systematic screening approach in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) and Revised Assessment of
Multiple Systematic Reviews guidelines were employed
from title/abstract to full text screening stages in duplicate
by two independent reviewers [14]. Title and abstract
screening was conducted concurrently. Discrepancies were
discussed and resolved with input by a third reviewer. The
references of included studies were also screened using the

Historical analysis of the diagnosis and management of FAI � 379

https://academic.oup.com/jhps/article-lookup/doi/10.1093/jhps/hnaa055#supplementary-data
https://academic.oup.com/jhps/article-lookup/doi/10.1093/jhps/hnaa055#supplementary-data


same systematic approach to capture any additional rele-
vant articles.

Quality assessment
Using the Journal of Bone & Joint Surgery (JBJS) classifica-
tion system for literature in the field of orthopedics, the
level of evidence (I–IV) for each study was determined by
the two reviewers independently and in duplicate [15].
The methodological quality of non-randomized compara-
tive studies was evaluated using the Methodological Index
for Non-randomized Studies (MINORS) [16]. A score of
0, 1 or 2 is given for each of the 12 items on the MINORS
checklist with a maximum score of 16 for non-comparative
studies and 24 for comparative studies. Methodological
quality was categorized a priori as follows: a score of 0–8
or 0–12 was considered poor quality, 9–12 or 13–18 was
considered fair quality, and 13–16 or 19–24 was consid-
ered excellent quality, for non-comparative and compara-
tive studies, respectively.

Data abstraction
Two reviewers independently abstracted relevant data
from included articles and recorded the data onto a
Google Spreadsheet designed a priori. Demographic data
included author, year of publication, sample size, study de-
sign, level of evidence and patient demographics (e.g. gen-
der, age, etc.). Information regarding indications for
surgery, rehabilitation protocols and post-operative out-
comes (surgical and radiographic), including complications
was documented.

Statistical analysis
Due to statistical and methodological heterogeneity, a
meta-analysis could not be performed, and the results were
summarized descriptively. Descriptive statistics such as
mean, range and measures of variance (e.g. standard devia-
tions, 95% confidence intervals, CI) are presented where
applicable. The intra-class correlation coefficient (ICC)
was used to evaluate inter-reviewer agreement for the
MINORS score. A kappa (j) statistic was used to evaluate
inter-reviewer agreement at all screening stages.
Agreement was categorized a priori as follows: ICC/j of
0.81–0.99 was considered as almost perfect agreement;
ICC/j of 0.61–0.80 was substantial agreement; ICC/j of
0.41–0.60 was moderate agreement; 0.21–0.40 fair agree-
ment and an ICC/j value of 0.20 or less was considered
slight agreement.

R E S U L T S

Study characteristics
The initial search from all databases yielded a total of 8698
articles. After excluding 912 duplicates, a systematic screen-
ing process yielded a total of nine articles for inclusion
(Fig. 1). The nine studies included two retrospective
cohorts and seven case series. The included studies were
conducted in Switzerland (n¼ 8) and the United States
(n¼ 1).

Patient characteristics
Of the included studies, a total of 307 patients (315 hips)
were included. Among the included patients 65.1%
(n¼ 82/126) were male. The mean age of the patients was
32.6 6 2.4 years (range, 12–58) with a mean follow up
time of 17.0 6 3.7 (SD) months. Of the four studies
(n¼ 37) that reported information pertaining to lost to
follow up, only one (2.7%) patient was lost to follow up
(Table I) [17–20]. All patients had signs and symptoms of
anterior impingement. Of the included patients, 31
(10.0%) patients had been treated for other conditions
including: SCFE (n¼ 13, 41.9%), femoral neck fractures
(n¼ 9, 29%), Legg–Calve–Perthes disease (n¼ 5, 16%)
and hip dysplasia (n¼ 4, 13%).

Study quality
There was substantial agreement amongst reviewers at the
title/abstract (j¼ 0.742; 95% CI, 0.687–0.796) and full-
text (j¼ 0.754; 95% CI, 0.694–0.814) screening stages.
The mean MINORS score across all non-comparative
studies was 10 6 1.2 (SD) indicating fair quality of evi-
dence. The comparative study had a score of 15, also indi-
cating fair quality of evidence. All studies provided a clearly
stated aim for their study; however, no study provided
blind evaluation of endpoints or reasons for not blinding.
There was almost perfect agreement amongst the reviewers
for the quality assessment using the MINORS criteria
(ICC ¼ 0.964; 95% CI 0.942–0.985; Table I).

Indications
None of the included studies explicitly stated indications
for surgical management of FAI. One study used clinical
symptoms of groin pain, the anterior impingement test
(AIT), pre-operative radiographs and MRA to determine
the presence of FAI [21]. Two studies assessed for im-
pingement using complaints of groin pain, AIT and MRA
[20, 24]. One study used groin pain, the AIT and pre-
operative radiographs for assessment of impingement [26].
One study used symptoms of groin pain and pre-operative
radiographs as indications for FAI [19]. Two studies only
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used symptoms of groin pain [17, 25] while one study
only used MRA [18] to confirm presence of FAI.

Diagnostic techniques
All studies except for one (88.9%) reported symptoms of
pain [17, 19–21, 24–26]. Within these studies, all patients

reported groin pain (n¼ 119, 100%; Table II). Additionally,
nine patients (7.6%) also complained of trochanteric pain,
and three (2.5%) had pain in the gluteal region. Symptoms
of pain were not explicitly reported in 188 patients [22].

Impingement was assessed using the impingement test
in four studies (n¼ 88, 28.7%) [20, 21, 24, 26]. The test

Fig. 1. PRISMA flow diagram.
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was described as evoking acute pain during physical exam-
ination by flexion, adduction and internal rotation in 70–
90�, forcing the anterior neck area against the acetabular
rim [21]. All patients, except for one, tested positive on
the AIT (Table II).

Additionally, pre-operative radiographs were used for
the diagnosis of impingement by three (33.3%) studies to
examine the morphological features of the anterior head to
neck junction [19, 21, 26]. These studies found a non-
spherical head and a short/small head–neck ratio as mor-
phological features favoring anterior impingement [19, 21,
26]. Each study reported using anteroposterior and lateral
radiographic views [19, 21, 26]. In one study, mean fem-
oral anteversion (9.68 6 3.7�) and mean impingement
depth (17.5 6 4.2�) were reported (Table II) [26].

Four studies (44.4%) used MRA to determine signs of
impingement in the form of degenerative or torn labrum
and associated cartilage damage [18, 20, 21, 24]. One study
(11.1%) used magnetic resonance imaging (MRI) to detect
labral lesions [17]. Four studies (44.4) did not report such
information [19, 22, 25, 26]. Labral degeneration/tears
were reported in 84 patients (84.5%) with additional cartil-
age alterations reported in 26 patients (26.3%; Table II).

Surgical techniques
In the majority of studies (five studies, n¼ 237), authors
surgically dislocated the hip and created an improved fem-
oral head–neck offset by resection osteotomy of the cam
lesion [17, 18, 20, 22, 25]. The resection osteotomy was

performed after dislocation of the femoral head using a
Kocher–Langenbeck approach with a trochanteric flip and
an anterior arthrotomy [17, 18, 20, 22, 25]. In one of these
studies, prior to resection osteotomy, an anterior joint de-
compression by soft tissue resection only was initially used
to treat impingement, however this was not deemed to be
effective [18]. In two studies (n¼ 40), acetabular reorien-
tation was performed with a Bernese periacetabular osteot-
omy [21, 24]. The procedure was conducted through a
modified Smith–Peterson approach [21, 24]. Two orthog-
onal Schanz screws were placed in the superior portion of
the acetabular fragment to allow for rotation of the frag-
ment [21, 24]. The fragment was fixed temporarily with
Kirschner wires [21, 24]. An intraoperative T-shaped
arthrotomy was performed to evaluate labral and cartilagin-
ous lesions [21, 24]. In one study (n¼ 4) individuals
underwent arthroscopic debridement and proximal femoral
osteotomy [19]. One study (n¼ 24) did not provide surgi-
cal treatment for impingement.[26] Four studies reported
using capsulotomy techniques, [20, 22, 24, 25] with two
specifying that use of a z-shaped capsulotomy to expose
the hip for examination of impingement (Table III)
[20, 25].

Rehabilitation protocol
One study (n¼ 9) reported rehabilitation protocol follow-
ing surgical treatment of impingement. Partial weight bear-
ing was allowed post-operatively for a minimum of 8
weeks [17]. Low-molecular weight heparin was prescribed

Table I. Study characteristics

Primary author, year Study design (level of evidence) Study
sample
size

Mean
age

(years)

Mean
follow-up
(months)

Study
quality
(MINORS score)

Eijer [17], 2000 Retrospective study (III) 9 33.3 (12–64) 16.4 (range 11–25) 10

Myers [18], 1999 Case series (IV) 5 30.2 NR 7

Snow [19], 1993 Case series (IV) 4 17.6 (13–19 years) 34 (8–81) 12

Beck [20], 2004 Retrospective study (III) 19 36 (21–52) 56.4 (50.4–62.4) 14

Siebenrock [21], 2003 Case series (IV) 22 23 (14–41) 23 (24–49) 12

Ganz [22], 2001 Case series (IV) 188 33.5 (16–58) NR 9

Ganz [23], 1997 Case series (IV) 24 40.3 6 8 NR 15

Leunig [24], 1997 Case series (IV) 23 40 6 2 NR 9

Leunig [25], 2000 Case series (IV) 13 13 6 2 NR 7

NR, not reported.
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until full weight bearing [17]. Flexion >than 70�, active
abduction and adduction were not allowed until final
follow-up [17]. The remaining eight studies did not report
rehabilitation protocols.

Clinical and radiographic outcomes
All studies reported improvement in ROM and pain from
pre-operative values (Table III). Two studies reported
quantitative results regarding ROM [17, 21]. In one study,
wherein patients underwent a Bernese periacetabular oste-
otomy, mean flexion improved from 99� (90–110�) to
106� (90–120�; P¼ 0.014), internal rotation improved
from 11� (0–30�) to 21� (0–40�; P¼ 0.006) and adduc-
tion improved from 22� (10–40�) to 30� (30–40�;
P¼ 0.0117) post-operatively [21]. No statistical signifi-
cance was found in extension, external rotation and abduc-
tion as pre- and post-operative values remained the same
at 1� (0–10�), 33� (20–70�) and 35� (20–50�), respective-
ly [21]. In another study, wherein surgical dislocation and

resection was performed, mean flexion improved from
92� (80–120�) to 103�, internal rotation improved by
from 7� (�10 to 20�) to 16�, abduction improved
from 30� (20–50�) to 36� [17]. External rotation and
adduction remained the same at 0� (0–0�) and 17� (20–
50�), respectively [17]. Post-operative ranges and values
for statistical significance were not provided (Table III)
[17].

Two studies reported functional outcomes using the
Merle d’Aubigne score [20, 21]. After treatment of
impingement through surgical dislocation and resection
osteotomy, one study reported significant improvements
(P¼ 0.015) in the Merle d’Aubigne score from a pre-
operative score of 14.1 to a post-operative score of 16.5
(measures of variance were not provided) [20]. In another
study, in which patients underwent a Bernese periacetabu-
lar osteotomy, the average Merle d’Aubigne score
increased from 14.0 (range, 12–16 points) to 16.9 (range,
15–18 points) post-operatively (Table III) [21].

Table II. Clinical and radiographic diagnosis of FAI

Primary author, year Clinical diagnosis Radiographic diagnosis

Eijer [17], 2000 Pain: patients complained of groin pain
on flexion of hip

MRI for detection of labral lesions

Myers [18], 1999 Pain: patients complained of groin pain
on flexion of hip

MRA for detection of labral lesions

Snow [19], 1993 Pain: patients complained of groin pain
on internal rotation of hip

Pre-operative radiographs to examine
morphological features of the anterior
head to neck junction

Beck [20], 2004 Pain: patients complained of groin pain MRA for detection of labral lesions

AIT: positive

Siebenrock [21], 2003 Pain: patients complained of groin pain
following physical activity

AIT: Positive

MRA for detection of labral lesions

Pre-operative radiographs to examine
morphological features of the anter-
ior head to neck junction

Ganz [22], 2001 NR NR

Ito [26], 2001 Pain: patients complained of groin pain Pre-operative radiographs to examine
morphological features of the anterior
head to neck junction

AIT: positive

Leunig [24], 1997 Pain: patients complained of groin pain MRA for detection of labral lesions

AIT: positive (except for one patient)

Leunig [25], 2000 Pain: patients complained of groin pain,
exacerbated by vigorous activity

NR
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At final follow-up, one study reported radiographic de-
generation as remaining stable or improved after under-
going surgical dislocation [20]. For each patient, an
orthograde radiograph of the pelvis and a lateral cross table
radiograph were taken and the hips were classified using
Tönnis classification of OA [20]. OA was initially rated as
Grade 0 in seven hips, Grade 1 in 10 hips and Grade 2 in
two hips [20]. At final follow-up, 14 hips remained the
same and three had improved (two had Grade 1 OA and
one had Grade 2 OA; Table III) [20].

Complications
The current review found an overall complication rate of
35.0% (n¼ 99). The majority of these complications
(91.9%) stemmed from a single study [22]. The rate of
major complications was 3.8% (n¼ 11). Major complica-
tions included trochanteric non-union (n¼ 3, 37.3%)
Grade III heterotopic ossification (HO; n¼ 2, 18.2%) and
partial sciatic neurapraxia (n¼ 2, 18.2%). Avascular necro-
sis was not reported in any study. The rate of minor com-
plications was 31.1% (n¼ 88). Complications included
Grades I and II HO (n¼ 77, 87.5%), saddle back deform-
ity (n¼ 7, 7.9%) and persistent pain following treatment
(n¼ 3, 3.4%; Table III).

D I S C U S S I O N
The most notable finding of this review is the paucity of
literature available that described the diagnosis and man-
agement of FAI prior to the year 2000. Prior to 2000, diag-
nosis of FAI was predominately through assessment of
groin pain, the AIT and, in some instances, MRA. There
were no studies describing the use of hip arthroscopy in
the management of FAI prior to the year 2000. Surgical
dislocation with improved deepened femoral head–neck
offset by resection osteotomy was the most commonly
used procedure to treat FAI. All procedures provided pain
relief and increased ROM as can be seen through improve-
ments in Merle d’Aubigne hip scores in patients under-
going surgical dislocation with resection osteotomy;
however, a moderate complication rate was reported, most
commonly HO.

In this systematic review, all patients reported symp-
toms of groin pain as part of the clinical diagnosis of FAI.
In a survey conducted by Ayeni et al. [27], 81.7% of
respondents reported diagnosing FAI based on the individ-
ual’s history of groin pain. Sensation of groin pain results
from labral abnormalities [24]. In this review, such abnor-
malities were confirmed using MRA with 90% sensitivity
[24]. Recently, usage of other imaging modalities such as
MRI and computed tomography (CT) has increased [28].
A 2017 study noted that sensitivity for detecting labralT
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tears from conventional MRI was 70% compared with 95%
for MRA, showing that MRA appears to be superior to
MRI when assessing labral tears [28]. Unlike MRI, CT
provides improvements in detailing bony features of hip
disorders [29]. CT can also accurately control for patient
positions when assessing femoral and acetabular version
[29]. Although CT allows for a dynamic assessment of
FAI, MRA and MRI techniques are typically used to avoid
exposing patients to radiation, especially in younger popu-
lations [28]. Additionally, intra-articular hip injection is an-
other technique used to diagnose FAI [30]. One study
found that fluoroscopically guided intra-articular hip injec-
tions can diagnose intra-articular hip pathologies, including
labral tears, with 90% accuracy [30]. Intra-articular injec-
tions can additionally provide pain relief, for up to
12 months, for FAI patients [30]. In this review, it was
observed that prior to 2000, CT and intra-articular hip
injections were not used in pre-operative assessment of
FAI and that the focus was primarily on the usage of MRA
for detection of labral lesions.

A number of clinical tests have been developed to assess
FAI [31]. In the current review, FAI was confirmed in
patients (28.3%) through testing positive on the AIT. In
the same survey, Ayeni et al. [27], reported that 70% of
surgeons used the FADIR test to clinically diagnose FAI.
FADIR assessment has remained relatively constant
throughout the years [32]. The test is typically conducted
through flexing the hip to either 90� (64.5%), 110� (4.7%)
or full flexion (17.7%), followed with internal rotation and
adduction of tested hips [33]. Patients in this review were
assessed similarly through 70–90� of hip flexion. The
FADIR, the foot progression angle walking test (FPAW),
and the maximal squat test are reported to show the best
sensitivities for assessing FAI [31]. The FPAW test and
maximal squat test were not reported in this review, high-
lighting that there was a limited number of clinical tests
available to clinicians prior to the year 2000.

Five studies within the present systematic review treated
FAI through surgical dislocation of the hip. One study
reported significant improvements (P¼ 0.015) in the
Merle d’Aubigne score suggesting that surgical dislocation
provides improved patient ROM [20]. Recently, Domb et
al. [34] found comparable radiographic and clinical results
between surgical dislocation and arthroscopy groups, high-
lighting that past techniques continue to yield desirable
outcomes in patients. Due to rapid technological develop-
ment there has been more widespread use of arthroscopy
for FAI treatment [34, 35]. A 2014 systematic review
found that between 2004 and 2013, in North America,
roughly 73% (n¼ 2648) of patients underwent an arthro-
scopic intervention while 11% (n¼ 407) of patients

underwent surgical dislocation for treatment of FAI [36].
Similar trends in treatment were also noted in Europe
[36]. It is evident that prior to the year 2000, a large major-
ity of surgeons elected to use a surgical dislocation ap-
proach to treat FAI, with a majority of cases now being
treated with arthroscopic techniques. The present system-
atic review found that no study reported the use of hip
arthroscopy in the management of FAI prior to the year
2000.

Another surgical technique, the Bernese periacetabular
osteotomy, was used in cases wherein acetabular retrover-
sion was associated with FAI [21]. This technique reported
statistically significant increases in range of internal rota-
tion, flexion and adduction along with improvements in
average Merle d’Aubigne score [21]. In 2016, Parry et al.
[37] found that the same technique offered significant clin-
ical improvement, specifically in the Harris Hip Score, for
patients with FAI secondary to acetabular retroversion.
Additionally, both studies reported a positive posterior wall
sign, suggesting that Bernese periacetabular osteotomy
continues to be useful for hips with decreased acetabulum
size and instability due to a deficient posterior acetabular
wall [21].

The most common complication reported, found exclu-
sively following surgical dislocation, was HO (79.8%). It
has been reported that surgical dislocation using the
Kocher–Langenbeck approach and concurrent trochanteric
osteotomy increases the risk of the development of ectopic
bone [38]; hence, a possible explanation of increased rates
of HO observed in this review. With more surgical experi-
ence and increased prophylaxis usage, the incidence of HO
has decreased as seen in a 2019 multicenter analysis which
reported 18 (5.4%) Grades I and II HOs compared with
77 (27.2%) in our study [39]. Despite downward trends,
the rate of complications following surgical dislocation is
still higher than currently used FAI techniques such as
arthroscopy [40]. Botser et al. [40] reported that the com-
plication rate in patients in their arthroscopic group was
1.7% (n¼ 15) compared with 9.2% (n¼ 28) for patients
in the open surgical dislocation group. Despite providing
relatively similar clinical and radiographic results, arthro-
scopic procedures may be preferred over surgical proce-
dures due to lower complication rates.

Strengths
The strengths of this systematic review stem from the
rigorous methodology employed which includes a broad
search strategy conducted on multiple databases, and a du-
plicate systematic approach to reviewing the literature. The
systematic screening approach was employed in duplicate,
thus minimizing reviewer bias. There was excellent
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agreement at all screening stages and for the quality assess-
ment. The novelty of this topic as it addresses how the
field of hip preservation is advancing is another strength of
this systematic review.

Limitations
The most significant limitation of the current review is that
there was a lack of high-quality studies with large sample
sizes and long-term follow-up. The limited documentation
of data, including mean follow-up time, standardized radio-
graphic and clinical outcomes limits the strength of the
conclusions. Given that FAI syndrome had not been estab-
lished at the time these studies were published, the lack of
standardization between studies is expected. The majority
of studies (88.8%) included in this review were conducted
in Switzerland; therefore, there may be a lack of generaliz-
ability of this review. Furthermore, this finding may high-
light the apparent differences in diagnosis and treatment of
FAI across continents prior to 2000.

C O N C L U S I O N S
Prior to 2000, there was low quantity and quality of re-
search on the diagnosis/management of FAI. Diagnostic
evaluation was primarily through clinical examination
(including groin pain and AIT). MRA was occasionally
used to detect labral degeneration however, utilization of
CT and diagnostic injections were not reported. Surgical
dislocation and osteotomies of the acetabulum yielded de-
sirable short-term clinical outcomes with a moderate com-
plication rate. No study reported using arthroscopy for
FAI management prior to 2000. Clinicians today can learn
from historical principles (including clinical diagnosis of
FAI, management with surgical correction of femoral
head–neck offset) while applying novel techniques (includ-
ing CT, injections, arthroscopic surgical techniques and re-
habilitation) to improve patient outcomes.
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Supplementary data are available at Journal of Hip Preservation
Surgery online.
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