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ABSTRACT
Background: Femoroacetabular impingement (FAI) is
common with an estimated prevalence of 10–15%
among young active individuals. The natural history of
the disorder is progression to early osteoarthritis. Hip
arthroscopy is recommended if conservative treatments
fail; however, outcomes are unclear, particularly in
highly active populations.
Aim: To evaluate the functional and vocational
outcome of hip arthroscopy, as part of an evidence-
based rehabilitation hip pain pathway, for the treatment
of FAI in an active military population.
Methods: All patients in the defence rehabilitation hip
pain pathway, with a confirmed diagnosis of FAI who
failed conservative treatment, were assessed prior to
surgery and at 2, 6 and 12 months postsurgery.
Outcome measures included the Visual Analogue Scale
(VAS) for hip pain, Non-Arthritic Hip Score (NAHS) for
function, and vocational assessments including
functional activity assessment (FAA) and Joint Medical
Employment Standard for military employability and
deployability.
Results: 101 patients completed the study (mean
age=33 years) (male:female:75:26) (Royal Navy/British
Army/Royal Air Force: 13%/48%/39%). Outcomes
demonstrated significant improvements with large
effect size. Preoperative NAHS mean=62.9 (SD 16.4),
12-month postoperative NAHS mean=78.8 (18.3),
mean improvement in NAHS=15.9 (95% CI 12.3 to
19.5, p<0.001). Preoperative VAS pain mean=51.3
(20.9), 12-month postoperative VAS pain=25.6 (24.5).
Mean improvement 25.7 (95% CI 19.4 to 31.99,
p<0.001). 73% of patients had a deployable medical
category at 12 months postoperative.
Conclusions: These data confirm that hip arthroscopy
as part of a structured evidence-based multidisciplinary
care pathway produces significant and continued
symptomatic, functional and vocational improvements
over a 12-month period in a military population
exposed to high intensity, weight-bearing exercise in
uncontrolled and unforgiving environments.

INTRODUCTION
Femoroacetabular impingement (FAI) as
well as its related consequences such as
labral and chondral tears is now recognised
as a common disorder among the young
active population with an estimated preva-
lence of 10–15%.1 It is becoming increasingly
accepted that FAI is a potential precursor to
early osteoarthritis of the hip, especially in
young and active people.1–4

The management paradigm of this condi-
tion follows a traditional initial conservative
approach with exercise-based rehabilitation.
If rehabilitation treatments fail, then hip
arthroscopy is often the next step in the
treatment of these disorders; however, post-
operative rehabilitation still remains an
essential part of the management pathway.
Hip arthroscopy requires a high degree of
skill and has a significant risk of complica-
tion.5 The UK National Institute for Health
and Care Excellence (NICE) guidance

What are the new findings?

▪ Hip arthroscopy for femoroacetabular impinge-
ment has excellent outcomes when part of a
structured multidisciplinary evidence- based care
pathway.

▪ Vocational, as well as more relevant pain and func-
tional, outcomes post arthroscopy are very good
even in highly physically demanding military jobs.

How might it impact on clinical practice?

Pre and postoperative rehabilitation of femoroace-
tabular impingement is likely to play a significant
role in outcome.
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advises that the procedure ‘should only be performed by
surgeons with specialist expertise in arthroscopic hip
surgery’.6 The best evidence currently available suggests
that surgical treatment with hip arthroscopy has a good
outcome.7–15 These studies, however, have been limited
by small numbers, retrospective design, short follow-ups,
study in relatively inactive populations and limited report-
ing of postoperative rehabilitation interventions, with the
potential bias of outcomes being reported by the same
surgical teams and very limited use of vocational out-
comes or outcomes relevant to a very-high functioning
population.
The military population is very similar to a young sport-

ing population in that it regularly undertakes high-
intensity physical exercise; however, military exercise will
often be load carrying (minimum army fitness require-
ment is to complete a paced 8 mile march carrying
30 kg) and may be in uncontrolled and unforgiving envir-
onments. In many ways, a military career is the ultimate
test of outcome of the treatment of FAI. Since 2010, the
defence rehabilitation services established an evidence-
based hip pain best practice care pathway specifically to
improve the diagnosis and management of FAI.
This study aimed to prospectively record medium-term

outcomes in an active military population with con-
firmed diagnoses of FAI which failed the conservative
treatment element of the Defence Rehabilitation
evidence-based best practice hip pain pathway and
required hip arthroscopy intervention and postoperative
rehabilitation. Particular attention was paid to investigat-
ing functional and vocational outcomes to assess
whether surgical treatment and outcomes of FAI are
compatible with an ongoing highly active and physically
demanding military career.

METHODS
Design
Consecutive patients with a clinical and imaging diag-
nosis of FAI who had failed conservative treatment
were referred for arthroscopic hip surgery by one hip
arthroscopy surgeon (RV) and were included in the
study. Participants were assessed at baseline preopera-
tively and at follow-up at 2, 6 and 12 months postopera-
tively. Postoperative multidisciplinary (MDT)
rehabilitation was a critical element to the treatment
pathway and is detailed below as recommended by
Grzybowski et al,16 and in line with Wahoff et al’s17

recommendations. All patients gave informed consent.
The chairman of the local research ethics committee
deemed the study a service evaluation that did not
require ethical approval.
Patients were recruited from the defence rehabilitation

hip pain pathway (figure 1). This is a best practice
evidence-based care pathway that has been in place in
defence rehabilitation since 2010. A diagnosis was made
in patients having appropriate clinical symptoms and signs
with imaging confirmation of the diagnosis. Symptoms of

pain in the anterior groin/thigh, lateral thigh/greater tro-
chanter area or buttock pain or pain in the ‘C’ sign
region18 in the absence of spinal pathology were consid-
ered relevant. Clinical examination was assessed for a
limited range of internal rotation or pain at end of range
in the 90° hip-flexed position. The hip impingement sign
with pain representing the patient’s common symptoms
on hip flexion, adduction and internal rotation with or
without axial loading was also assessed. Clinical diagnoses
were confirmed on imaging with X-ray and MRI±MR
arthrogram. X-ray was used to identify typical FAI features
such as cam and pincer deformities or acetabular
dysplasia-associated with FAI and labral tears. The MRI
was used to identify labral lesions including paralabral
cysts, advanced cartilage lesions or labral tears and
whether an effusion was present and FAI by measurement
of the α angle.19 If the patient had a convincing clinical
history and signs but normal X-ray and MRI, then MRA
was used to diagnose labral tears or detachment by identi-
fication of intralabral contrast entry.
Once the diagnosis was confirmed, patients were

treated conservatively with rehabilitation. Patients were
treated with weekly outpatient physiotherapy sessions for
6 weeks with concurrent exercise rehabilitation with the
exercise rehabilitation instructor (ERI) at the primary
care rehabilitation facility. If symptoms failed to improve,
then patients were referred for further intensive
inpatient rehabilitation (5 hours per day, 5 days per
week, for 2–3 weeks) at one of the 16 military regional
rehabilitation units or at the Defence Medical
Rehabilitation Centre (DMRC), Headley Court.
FAI rehabilitation, as per the defence rehabilitation hip

pain pathway, was delivered by a MDT of healthcare pro-
fessionals including doctor, physiotherapist, ERI± occupa-
tional therapist. Rehabilitation included assessment and
treatment of reduced/altered muscle strength, muscle
activation and timing abnormalities, muscle imbalance
abnormalities, poor hip, pelvis, lumbar/pelvic or thora-
columbar dissociation and control, gait abnormalities,
abnormal proprioception, core muscle weakness, anterior
multidirectional translation of the hip joint and obesity/
weight management issues.
Patients were reviewed after completing up to 3 months

of rehabilitation, as described above. Those with no sig-
nificant symptomatic and functional improvement were
referred for hip arthroscopy surgery (figure 1) and were
entered into the study. Patients were excluded from the
study if other significant diagnoses were apparent that
explained the patient’s symptoms, that is, radiographic
hip osteoarthritis, or that the patient improved signifi-
cantly with conservative management and did not require
hip arthroscopy.
The study was designed so that only one experienced

hip arthroscopist, as per NICE guidelines,20 performed
all the operations to minimise the effects of different
surgical standards and techniques on outcome. Baseline
outcome measures were recorded by the rehabilitation
team preoperatively. Patients were reviewed 6 weeks
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postoperatively by the surgical team and then at 2, 6 and
12 months by the military rehabilitation team, independ-
ent of the surgical team, at which point outcome mea-
sures were recorded.
Initial postoperative rehabilitation was prescribed by the

surgical team, which included protecting the integrity of
the repaired tissue, restoring range of motion, restoring
normal gait pattern and weight-bearing status and progres-
sively increasing muscle strength. Patients were reviewed by
the surgical team, to ensure wound healing and exclude
complications, at 6 weeks and then discharged to the care
of the MDT military rehabilitation team who reviewed the

patient at the 2-month point. At this review, patients were
referred for further residential multidisciplinary rehabilita-
tion at DMRC, Headley Court. This rehabilitation initially
followed the principles of postoperative rehabilitation (as
noted above) and then progressed to a more individua-
lised hip and groin programme which included restoration
of muscular endurance/strength, cardiovascular endur-
ance, normal movement patterns and muscle balance, pro-
prioception, balance, normal firing and activation patterns
for stability and optimisation of neuromuscular control.
This then progressed to the restoration of running, sports
and military activities.

Figure 1 Defence rehabilitation hip pain care pathway.
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Outcome measures
Outcome measures included the Visual Analogue Scale
(VAS) for pain in the affected hip,21 the Non-Arthritic
Hip Score (NAHS)22 and the functional activity assess-
ment (FAA),23 all of which are valid and reliable
outcome measures and appropriate to this active military
population. The VAS for pain is an internationally recog-
nised and established outcome measure for the assess-
ment of pain. The minimally clinically important
improvement for the VAS is 15.3 mm.24 The NAHS is a
valid outcome measure for pain and function for the hip.
It is scored from 0 to 100 (bad–good). This is a relevant
outcome measure in a young active population with hip
pathology as it covers high-level sporting activities (foot-
ball, rugby, tennis) as well as heavy daily activities such as
moving furniture and therefore avoids the ceiling affect
in a young functional population that occurs using the
Harris hip score,25 which has ‘unlimited walking’ or
‘stairs without using railing’ as the highest level of activity
or the Western Ontario and McMasters (WOMAC) osteo-
arthritis index26 where the most strenuous activities are
walking upstairs and downstairs.
The FAA is a validated vocational outcome tool23 spe-

cific to military populations where the patient grades
their function-related to typical work and military duties
ranging from 1=fully fit, 2=fit for trade and restricted
military duties, 3=unfit for trade but fit for restricted
military duties, 4=unfit for all but sedentary duties and
5=off all duties.
Finally, the patient’s Joint Medical Employment

Standard was also recorded at their 12-month post-
operative review to assess vocational outcome. This is a
medical officer completed assessment of the patient’s
actual ability to complete all, including arduous, military
duties.

Statistical analysis
Statistical analysis was completed on SPSS. Data were
tested for normality and analysed accordingly using
either parametric or non-parametric tests including the
paired t-test, sign test or Wilcoxon signed-rank test.
Significance was reported as p<0.05.

RESULTS
Demographics
One hundred and one patients (male:female, 75:26)
with a mean age of 33 years (range 20–50) were
entered into the study. They all had arthroscopic hip
surgery for a diagnosis of FAI, which had failed conser-
vative rehabilitation management in a period between
January 2010 and October 2012, and all completed
12-month postoperative follow-up. Forty-eight per cent
of patients were in the British Army and 39% and 13%
were in the Royal Air Force and Royal Navy, respectively
(table 1).

Exclusions
A further four patients started the study and had hip
arthroscopy but did not complete 12 months follow-up as
they made no clinically significant improvements. Three
of these had further hip resurfacing surgery at a mean of
8.6 months postarthroscopy (range 6–11 months) and
one went for total hip replacement at 6 months. Four
other patients were also referred for consideration of hip
arthroscopy; one declined and three were assessed to
have significant osteoarthritis (OA) by the surgeon and
therefore did not progress to arthroscopy, but had other
hip surgery (2 times hip resurfacing and one total hip
replacement).

Outcomes
Of those who completed the 12-month follow-up, VAS
for hip pain was recorded at baseline (preoperatively)
and at 12-month follow-up (n=92). The mean baseline
score was 51.30 mm (SD: 20.9) and mean 12-month
score was 25.60 mm (24.5) with a statistically significant
mean improvement of 25.7 mm (95% CI 19.4 to 31.99),
p<0.001 a large effect size of 1.23 (table 2).
Minimal clinically important improvement (MCII) in

VAS for hip pain is regarded as an improvement of
15 mm.24 Improvements in 55 (60%) patients were
greater than the MCII. A further 14 (15%) improved
but by less than the MCII, 16 (17%) patients showed
worsening of VAS scores and 7 (8%) had no change.
Similar significant improvements were seen in the

NAHS. The mean baseline score (n=95) was 62.9 (16.4)
and 12-month follow-up was 78.8 (18.3). A significant
mean improvement of 15.9 (12.27 to 19.54) a large
effect size of 0.97 was observed (table 2).
The mean FAA at baseline was 2.77 (0.95) and at

12-month follow-up was 2.18 (1.1) (n=97). This repre-
sented a significant improvement (mean=0.59; 95% CI
0.35 to 0.839) in the FAA, a medium effect size of 0.62
(table 2). Fifty-one patients improved by one level or
more on the FAA, 31 did not change and 15 deterio-
rated. At baseline, only 40 (41%) patients scored at FAA
of 1 or 2 (fit for most military duties) however by
12-month follow-up this had increased to 69 (71%).
At the 12-month follow-up, 74 of 101 patients had a

formal medical employability standard assessing them
fully fit for military duties (n=46) or fit for military
duties including deployment with some limitations. Only
six had been medically discharged.
Outcomes were also assessed at the 2-month and

6-month postoperative follow-up. There were significant

Table 1 Patient demographics

Participants (n) 101

Male (%) 74

Age (years): mean (range) 33 (20–50)

Service (%; Royal Navy:British Army:

Royal Air Force)

13:48:39
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improvements in VAS pain, NAHS and FAA between
baseline and 2 months and baseline and 6 months.
There was also significant improvement between 2 and
6 months; however, there were no significant improve-
ments between 6 and 12 months, indicating a plateau of
improvement at the 6-month point.
Owing to the anatomical and physical variations in

sexes, an analysis to compare outcomes between males
and females was undertaken. This demonstrated no sig-
nificant differences in pain outcome (VAS) (p=0.102) or
pain and function via the NAHS (p=0.886). A similar
analysis between military service was undertaken due to
the different military roles and physical stress that per-
sonnel from each service typically undertakes; again,
there were no significant differences (VAS pain, p=0.238;
NAHS, p=0.375). Analysis of the effect of age on
outcome revealed that it also had no significant effect.

DISCUSSION
This study has demonstrated that hip arthroscopy as part
of an evidence-based care pathway, in the management
of FAI, can produce significant improvements during a
12-month period in symptoms, function and employabil-
ity. Our population was a young and active military
cohort of patients exposed to regular sport and physical
training as well as arduous physical tasks in potentially
uncontrolled and unforgiving environments.
Although previous studies have investigated outcomes

in sporting populations, this is the first study to explore
such a procedure in a military population, which is
exposed to highly physically demanding tasks, often
involving significant loads. It is also the first study to
explore occupational outcomes.
The minimum fitness requirement for Army person-

nel is to be able to complete a paced 8 mile march car-
rying 30 kg of weight. This study of outcome of FAI
extends previous studies by assessing the outcome of the
surgery as part of a multidisciplinary care pathway, which
includes structured intensive inpatient preoperative and
postoperative rehabilitation (figure 1). In this pathway,
although the surgical team clearly has a pivotal role,
diagnosis, preoperative rehabilitation, postoperative
assessment and rehabilitation were all carried out by a
multidisciplinary rehabilitation team remote and inde-
pendent of the surgical team. This model of care is well
suited to the elite sporting environment and it is also
important to highlight that in this study all hip arthros-
copies were carried out by ‘surgeons with specialist

expertise in arthroscopic hip surgery’ as per the NICE
guidance;6 they were also carried out by a single
surgeon (RV) for all patients to prevent variations in
outcome related to surgical technique and experience.
The outcomes demonstrated significant improvements

over time across all symptomatic, functional and occupa-
tional measures. What is of particular interest in these
results is that with a comprehensive preoperative and
postoperative rehabilitation programme, the peak
improvement was reached at 6 months with no further
significant improvements in patient-reported outcomes
between 6 and 12 months, which is contrary to the
widely held belief that complete recovery from hip arth-
roscopy takes 12–18 months.28 This cohort was 76%
male, which reflects the proportion of men and women
in the UK military. There was no significant difference
comparing outcomes between males and females.
The outcome measures were carefully chosen to be

specific to the population being studied. In previous
studies, outcome measures that are not relevant to a
young active population such as the modified Harris Hip
score (highest level of function ‘unlimited walking’ or
‘stairs without a rail’ which has a ceiling effect in a sport-
ing or military population)25 27 29 or the WOMAC26

were used. Previous studies have generally been retro-
spective reviews of outcome30 31 or smaller case series32

and all have failed either to provide significant detail of
the preoperative or postoperative role of rehabilitation
in the management of FAI as recommended16 or investi-
gated vocational outcomes.12 13 27 29 30

Two published studies have reported long-term
follow-up over 10 years.29 31 However, the study by
McCarthy et al31 is a retrospective study, which is more
susceptible to bias, with only 56% of patients completing
final outcome assessments (NAHS), and the study by
Byrd and Jones29 was small (n=50), had multiple mixed
hip pathologies and used the modified Harris hip score
as its main outcome, which has the limitations in young
active populations as explained above.
In a recent study by Kemp et al,28 in a slightly older

(mean age 36 years) general population with an approxi-
mate mean activity of 4.5 hours per week, the severity of
chondropathy at arthroscopy was a predictor of
outcome. Patients with severe chondropathy
(Outerbridge grade III-IV)33 had significantly worse hip
disability and outcome scores. In the Kemp et al study,
grades of chondropathy were associated with increasing
age. Grades of chondropathy were not specifically
recorded in our study; however, age was. Interestingly,

Table 2 Results

Outcome N Baseline: mean (SD) 12-month: mean (SD) Improvement: mean (95% CI) p Value

VAS 92 51.3 (20.9) 25.6 (24.5) 25.7 (19.4 to 31.99) <0.001

NAHS 95 62.9 (16.4) 78.8 (18.3) 15.9 (12.27 to 19.54) <0.001

FAA 97 2.77 (0.95) 2.18 (1.1) 0.59 (0.35 to 0.84) <0.001

FAA, functional activity assessment; NAHS, Non-Arthritic Hip Score; VAS, Visual Analogue Scale.
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we found that in this cohort age had no effect on
outcome, indicating that there are perhaps other inde-
pendent factors that affect the degree of chondropathy.

Limitations
The main limitation of this study is that there was no
control group. Also, we cannot ascertain the independent
influence of dedicated postoperative multidisciplinary
rehabilitation in this cohort. Further studies could
compare standard preoperative and postoperative out-
patient rehabilitation with the more comprehensive
rehabilitation programme provided for this military cohort.

Conclusion
This study indicates that in a military population, with
appropriate clinical MDT inpatient postoperative
rehabilitation, maximal patient-reported clinical and
vocational outcomes can be reached within 6 months.
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