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ABSTRACT
Introduction This double- blind, randomised controlled 
trial (RCT) aims to estimate the effect of a physiotherapist- 
led intervention with targeted strengthening compared 
with a physiotherapist- led intervention with standardised 
stretching, on hip- related quality of life (QOL) or perceived 
improvement at 6 months in people with femoroacetabular 
impingement (FAI) syndrome. We hypothesise that at 
6 months, targeted strengthening physiotherapist- led 
treatment will be associated with greater improvements 
in hip- related QOL or greater patient- perceived global 
improvement when compared with standardised stretching 
physiotherapist- led treatment.
Methods and analysis We will recruit 164 participants 
with FAI syndrome who will be randomised into one of 
the two intervention groups, both receiving one- on- one 
treatment with the physiotherapist over 6 months. The 
targeted strengthening physiotherapist- led treatment 
group will receive a personalised exercise therapy and 
education programme. The standardised stretching 
physiotherapist- led treatment group will receive 
standardised stretching and personalised education 
programme. Primary outcomes are change in hip- related 
QOL using International Hip Outcome Tool-33 and patient- 
perceived global improvement. Secondary outcomes 
include cost- effectiveness, muscle strength, range of 
motion, functional task performance, biomechanics, 
hip cartilage structure and physical activity levels. 
Statistical analyses will make comparisons between both 
treatment groups by intention to treat, with all randomised 
participants included in analyses, regardless of protocol 
adherence. Linear mixed models (with baseline value as 
a covariate and treatment condition as a fixed factor) will 
be used to evaluate the treatment effect and 95% CI at 
primary end- point (6 months).
Ethics and dissemination The study protocol was 
approved (La Trobe University Human Ethics Committee 
(HEC17-080)) and prospectively registered with the 
Australian New Zealand Clinical Trials Registry. The 
findings of this RCT will be disseminated through peer 
reviewed scientific journals and conferences. Patients 

were involved in study development and will receive a 
short summary following the completion of the RCT.
Trial registration number ACTRN12617001350314

INTRODUCTION
Musculoskeletal conditions, such as hip- 
related pain,1 are the leading causes of pain 
and disability in the community, and one of 
the largest global contributors to years lived 
with a disability.2 Femoroacetabular impinge-
ment (FAI) syndrome is a common cause of 
hip- related pain in adults,3 and evident in 
49% of young and middle- aged adults with 
hip- related pain.4 It is diagnosed with a triad 
of imaging findings, patient reported hip- 
related symptoms, and clinical signs that are 
associated with excessive bone formation at 
the femoral head- neck junction (figure 1). 

Strengths and limitations of this study

 ► This prospective, double- blind randomised con-
trolled trial (RCT) is the first full- scale study to test 
a head- to- head comparison of two exercise- based 
physiotherapist- led interventions for femoroacetab-
ular impingement (FAI) syndrome.

 ► Patient- reported outcomes will be collected at clini-
cally relevant time points and allows analysis of out-
comes that are important to patients.

 ► Cost- effectiveness analysis will inform clinical de-
cision making.

 ► This physiotherapist- led RCT has the potential to 
reduce the burden of FAI syndrome and, if shown to 
be efficacious, may become the preferred first treat-
ment choice for FAI syndrome.

 ► The blinding of participants and assessors provides 
the highest level of rigour to test the efficacy of the 
physiotherapist- led intervention.
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The most commonly reported altered bony shape is cam 
morphology, which describes excessive bone formation at 
the femoral head–neck junction.5 Cam morphology may 
lead to aberrant joint forces during functional movements 
in the position of hip impingement (primarily involving 
flexion, rotation and abduction or adduction), and subse-
quent damage to the articular cartilage of the hip joint.6

While most studies focus on musculoskeletal pain 
affecting the elderly (eg, osteoarthritis), there is compel-
ling and increasing evidence that FAI syndrome in younger 
adults (eg, aged 18–50 years) creates a substantial burden 
in society,7 8 associated with persistent hip- related pain 
and symptoms,9 impaired physical function,10 reduced 
sports and physical activity participation, and impaired 
quality of life (QOL). The burden of FAI syndrome is 
amplified by the high daily physical demands (eg, occupa-
tional, familial responsibilities and recreational activities) 
encountered by younger adults.

Treatment options for FAI syndrome can be surgical 
or non- surgical.11 Non- surgical approaches are recom-
mended as the first line options for other musculoskel-
etal pain conditions (evident from clinical guidelines for 
osteoarthritis,12 low back pain13 and chronic whiplash 
associated disorders,14) due to the higher costs and risks 
associated with surgery. Recently published randomised 
controlled trials (RCTs) comparing hip arthroscopic 
surgery to physiotherapist- led interventions for FAI 
syndrome found small15 16 to moderate17 between- group 
differences favouring hip arthroscopy, with a greater cost 
and risk of adverse events associated with surgery.15–17 The 
physiotherapist- led interventions used for comparison 
to hip arthroscopy involved diverse exercise interven-
tions including stretching, motor control, core stability 
and strengthening and provided varied detail regarding 
the individualisation and the content of the exercise 
interventions. Hence, the specific components of exer-
cise programmes that are effective are not known. A 
recent consensus meeting recommended individualised, 
exercise- based interventions as the first- line treatment for 
young adults with hip- related pain, however, no recom-
mendation was made regarding one type of exercise over 
another.11 Such a recommendation could not be provided 
because of the absence of a full- scale RCT comparing the 
head- to- head effectiveness of different exercise- based, 
physiotherapist- led interventions for FAI syndrome.18–20 
Thus, a physiotherapist- led intervention that compares 
exercise interventions needs to be developed and tested.

Therefore, the primary aim of this RCT is to esti-
mate the effect of a physiotherapist- led intervention 
with targeted strengthening compared with a physio-
therapist- led intervention with standardised stretching 
in 164 participants with FAI syndrome on hip- related 
QOL (International Hip Outcome Tool 33 (iHOT-33)) 
or patient- perceived global improvement at 6- months.21 
We hypothesise that, compared with the standardised 
stretching physiotherapist- led intervention, the targeted 
strengthening physiotherapist- led intervention will result 
in greater improvement in: (1) hip- related QOL or (2) 
perceived improvement. Secondary aims are to measure: 
(1) the cost- effectiveness of the targeted strengthening 
physiotherapist- led intervention compared with the stan-
dardised stretching physiotherapist- led intervention; (2) 
the effects of targeted strengthening physiotherapist- led 
intervention on physical activity levels; (3) the effects of 
targeted strengthening physiotherapist- led intervention 
on hip strength; and explore (4) the effects of targeted 
strengthening physiotherapist- led intervention on hip 
biomechanics and (5) the effects of targeted strength-
ening physiotherapist- led intervention on hip joint 
structure.

METHODS
Participants
This participant and assessor- blinded superiority RCT 
aligns with the Standard Protocol Items: Recommen-
dations for Interventional Trials guidelines.22 We will 
recruit 164 participants from the general community 
in urban (greater Melbourne) and regional Victoria 
(Ballarat) (Australia) with a history of hip- related pain. 
The recruited cohort will be randomised into two parallel 
intervention groups. Block randomisation will be utilised 
with a 1:1 ratio, with the primary end- points of hip- related 
QOL and patient- perceived improvement after 6 months. 
Ethics approval obtained through the La Trobe Univer-
sity Human Ethics Committee (HEC 17–080).

Inclusion and exclusion criteria
Eligibility for this RCT was based on clinical and radio-
graphic features,3 which were used in our previous pilot 
RCT for FAI syndrome.6

Inclusion criteria: (1) aged 18–50 years; (2) hip- 
related (anterior hip or groin) pain which is aggravated 
by prolonged sitting or hip movements into positions of 
impingement3; (3) hip- related pain ≥3/10 on numerical 
pain scale for ≥6 weeks; (4) cam morphology (defined as 
radiographic alpha angle ≥60°),21 as described below and 
(5) a positive flexion- adduction- internal rotation test.

The alpha angle represents the sphericity of the 
femoral head and is used to identify and then quantify 
cam morphology if greater than 60° (figure 2). To deter-
mine the presence of cam morphology, the potential 
participants will undergo a standing anteroposterior 
(AP) and Dunn 45° radiograph, following a standardised 
protocol.3 21 Following previously described methods,5 

Figure 1 Diagrammatic representation of cam morphology 
at the femoral head–neck junction.54
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the alpha angle will be calculated by one examiner (JLK) 
using both the AP and the Dunn 45° radiographs, to 
quantify the asphericity of the femoral head.

Exclusion criteria: (1) physiotherapy treatment for 
the hip in the past 3 months; (2) previous hip or back 
surgery; (3) planned lower limb surgery in the following 
year; (4) radiographic hip osteoarthritis (Kellgren and 
Lawrence score ≥2,23 representing moderate to severe 
hip osteoarthritis); (5) intra- articular hip–joint injection 
in the previous 3 months; (6) neurological, other MSK 
or systemic arthritis conditions including other signif-
icant musculoskeletal conditions where FAI syndrome 
was not considered to be the primary cause of hip pain; 
(7) unable to perform testing procedures; (8) unable to 
commit to a 6- month physiotherapy- led intervention or 
associated outcome assessments; (9) contraindications to 
X- ray (including self- reported pregnancy and pregnancy 
during the study) or (10) inability to understand English 
language.

Procedures
The study procedure flow chart is shown in figure 3. 
Following clinical and radiographic screening to confirm 
study eligibility, participants will attend La Trobe Univer-
sity or Lake Health Group, Victoria, Australia to complete 
written and informed consent. Demographic character-
istics will be recorded, and baseline patient- reported 
outcome measures (PROMs) completed using an elec-
tronic data collection system (Promptus, Melbourne, 
Australia). Participants will undergo clinical and biome-
chanical assessment (where appropriate) of their hip 
by a blinded assessor at baseline and on study follow- up 
(6 months). MRI will be completed at baseline and 12 
months follow- up. Participants will be blinded to the 
randomisation procedure.

Randomisation
Following baseline assessment, participants will be 
randomised into one of two intervention groups. To 
ensure concealed intervention allocation, we will use the 
telephone- based interactive voice response randomis-
ation services (National Health and Medical Research 
Council Clinical Trials Centre, University of Sydney, 
Sydney, Australia). The randomisation schedule (blocks 
of 8–12) will be revealed to the unblinded assessor (JLK, 
RTRJ) after the baseline assessment, who will commu-
nicate intervention allocation to the participant’s study 
physiotherapist.

Figure 2 Alpha angle measurement from AP radiograph.21 
AP, anteroposterior.

Figure 3 Study procedure flow chart. PROMs, patient- reported outcome measures.
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Blinding
As the primary outcomes are self- reported, participants 
are considered assessors; therefore, participants (and 
thus assessors) will be blinded to previous scores during 
the testing time points. Participants will be blinded to the 
physiotherapist- led interventions and consent will involve 
limited disclosure. Participants will become unblinded 
once the data analyses are complete. We do not expect 
that emergency unblinding will be required due to the 
very low incidence of adverse events seen in our pilot 
study of the same trial interventions.

Physiotherapist-led interventions
Study participants will receive one of two physiother-
apist- led interventions (targeted strengthening phys-
iotherapist- led treatment or standardised stretching 
physiotherapist- led treatment) across four clinical sites 
within Victoria (Australia). Registered physiotherapists 
will lead the two- phase intervention that will be delivered 
over a 6- month period and has been described using the 
Template for Intervention Description and Replication 
guidelines (table 1).24 Physiotherapists will be trained to 
deliver the intervention to both groups. Training of the 
physiotherapists will occur at the commencement of the 
study and annually thereafter. Treating physiotherapists 
will also be provided with written treatment manuals 
and training materials to refer to. In order to limit the 
likelihood of contamination between treatment groups, 

treating physiotherapists will be instructed to not have 
participants from different treatment groups attend the 
clinic at the same time. We have previously reported 
treating therapists’ beliefs that both interventions are 
credible.6 In order to maintain participant blinding, 
treating physiotherapists will be trained to deliver both 
interventions with equal enthusiasm. Each of the four 
clinical sites will have between three and five therapists 
trained, depending on clinic requirements. The treating 
physiotherapists were recruited from four large private 
physiotherapy clinics in Australia, and represent a typical 
therapist in an Australian private practice where people 
with FAI syndrome might seek care.

Targeted strengthening Physiotherapist-led treatment
A team of expert physiotherapists with extensive clinical 
experience in FAI syndrome management (all with >15 
years of individual experience) designed both physio-
therapist intervention programmes.25–29 The targeted 
strengthening physiotherapist- led treatment was devel-
oped based on knowledge of physical impairments 
observed in FAI syndrome,18 and a previous pilot study.6 
The targeted strengthening physiotherapist- led inter-
vention is personalised to the individual participant’s 
impairments and goals and has seven key elements: 
(1) progressive hip muscle strengthening exercises; 
(2) progressive trunk muscle strengthening exercises; 
(3) progressive functional exercises; (4) progressive 

Table 1 Intervention delivery described using the TIDieR guidelines for both groups

Phase What
Targeted strengthening physiotherapist- led 
treatment

Standardised stretching 
physiotherapist- led treatment

Phase 1. 
Month 0–3

Who Physiotherapists

How Face- to- face individual sessions

Where Physiotherapy clinics (and clinic gyms) in Melbourne/Regional Victoria

When and how much Fortnightly: 30 mins physiotherapy; and weekly: 30 mins supervised gym sessions. 
Exercises progressed based on assessment at each session

Tailoring Tailored selection and progression of hip, 
trunk and functional strength exercises and 
manual therapy techniques
Progressive, tailored physical activity 
programme

Standardised non- specific stretching 
exercises
Tailored education and standardised 
information on increasing physical 
activity

How well Treatment response in files and adherence recorded in mobile phone app

Phase 2. 
Month 4–6

What Targeted strengthening physiotherapist- led 
treatment

Standardised stretching 
physiotherapist- led treatment

Who Physiotherapists and local gymnasium

How Face- to- face individual sessions and membership to gymnasium

Where Physiotherapy clinics and gymnasiums Melbourne/Regional Victoria

When and how much 3×30 min ‘top- up’ physio sessions at month 4, 5 and 6.
3 times weekly unsupervised gym attendance

Tailoring Semistandardised with selection of exercise 
targeted to assessment

Standardised/non- specific stretching 
exercises

How well Treatment response in files and adherence recorded in mobile phone app

TIDieR, Template for Intervention Description and Replication.
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plyometric exercises; (5) a progressive physical activity/
return to sport programme; (6) a personalised education 
programme and (7) tailored manual therapy. Videos of 
all exercises in the targeted strengthening physiothera-
pist- led intervention can be found at (https:// exercise. 
trekeducation. org/ populations/ lower- limb/). The 
targeted progressive hip and trunk strengthening exer-
cises were designed using strength and conditioning 
guidelines outlined by the American College of Sports 
Medicine.30 Adherence to these guidelines aims to facil-
itate hip joint loading tolerance using exercise dosages, 
volume and progressions that will increase muscular 
strength hypertrophy and strength endurance. Full 
details of the targeted physiotherapist- led intervention 
programme are contained in online supplemental file 1. 
An example of how a participant may be provided with 
progressive targeted hip adductor strengthening exer-
cises are presented in figure 4. The participants will use 
the Physitrack application (Physitrack, London, UK), 
a web- based application compatible with smartphones, 
tablets and computers, which provides photos, videos and 
instructions of prescribed exercises to be played in real 
time. Those unable to access the Physitrack application 
will be provided with paper- based pictures for exercise 
instruction.

Standardised stretching physiotherapist-led intervention
The standardised stretching physiotherapist- led interven-
tion consists of tailored health education, non- specific, 
standardised stretching, a standardised physical activity 
programme and manual therapy individualised to partic-
ipants’ needs. In order to control for the psychosocial 
effects of therapist contact inherent with physiotherapy 
intervention, this programme will provide a credible 
alternative to physiotherapy exercises to reduce the possi-
bility of resentful demoralisation. Stretching was chosen 
as our pilot work showed a smaller effect than a targeted 

strengthening intervention on hip- related QOL and 
muscle strength.6 (online supplemental file 2).

Delivery of both physiotherapist-led interventions
Phase 1
Zero to three months: (6 physiotherapist- led interven-
tions (1 per fortnight); 12 supervised gym sessions (1 
per week), with a further two unsupervised gym sessions 
encouraged per week).

Phase 2
Four to six months: Both intervention groups will receive 
a 3- month gym membership to continue with the unsu-
pervised exercises independently. They will receive 
additional physiotherapy visits at months 4, 5 and 6 (ie, 
three in total), with the aim of increasing adherence to 
the unsupervised intervention All clinical- site physio-
therapists will receive treatment manuals and undergo 
three group training sessions (theory and practical) in 
the delivery of both interventions. Treating physiothera-
pists will then deliver either intervention. Clinics will be 
audited annually for treatment fidelity.

Participant adherence to intervention, adverse events and 
concomitant care
Participants will choose to attend one of four physio-
therapy clinics to minimise transport burden within 
Melbourne and regional Victoria. The lead researcher 
(JLK) will maintain regular contact with study partic-
ipants via the online PROM system (via weekly ques-
tionnaires on treatment adherence) and the Physitrack 
app to monitor adverse responses to treatment.6 Any 
adverse events will be reported to the Human Research 
Ethics Committee. Participants will be asked to refrain 
from concomitant physiotherapist- led treatment, other 
musculoskeletal therapies (chiropractic care, osteop-
athy, myotherapy or similar) or exercise interventions 
for their hip pain during the study. Participants will be 
allowed to continue care for other unrelated pre- existing 
conditions. There are minimal known risks associated 
with the physioFIRST study interventions, as such the 
physioFIRST study will not have a formal data moni-
toring committee or plans for post- trial care, and does 
not require an interim analysis.

Measures to be collected
Measures to be collected will include primary and 
secondary outcomes, descriptive measures of the popu-
lation, treatment modifiers and treatment mediators. 
These are listed with time points of collection in table 2.

Descriptive measures of the population
Participant baseline demographic characteristics, such as 
age, sex, height, body mass leg length and waist and hip 
circumference, will be recorded. In addition, response to 
pain provocation tests will be recorded (online supple-
mental file 3).

Figure 4 An example of how an individual participant is 
given progressive, targeted hip adductor strengthening 
exercises.
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Table 2 Trial measures to be collected and their purpose

PhysioFIRST time line

Measure Purpose

Time point (months) collected

0 1 2 3 4 5 6 7 8 9 10 11 12

Descriptive measures

Age (years) Describe population, 
treatment modifier

X         

Sex Describe population, 
treatment modifier

X         

Height (m) Describe population X         

Body mass (kg) Describe population X         

Leg length (cm) Describe population X         

Waist and hip circumference 
(cm)

Describe population X         

Pain provocation tests

Hip Internal Rotation Test Describe population X   X     

Flexion/Adduction/Internal 
Rotation Test

Describe population X   X     

Bent Knee Fall Out Describe population X   X     

Patient- reported outcome measures

International Hip Outcome 
Tool-33

Primary outcome X X X X X

Patient- perceived global 
improvement

Primary outcome   X X X X

The Copenhagen Hip and 
Groin Outcome Score

Secondary outcome X X X X X

Workplace Activity 
Limitations Scale

Secondary outcome X X X X X

EuroQol- 5 Dimension 
5- Level questionnaire (EQ- 
5D- 5L)

Secondary outcome X X X X X

Pain Detect Questionnaire Secondary outcome, 
treatment modifier

X X X X X

Keele STarT MSK Tool Secondary outcome, 
treatment modifier

X X X X X

Tampa Scale for 
Kinesophobia

Secondary outcome, 
treatment mediator

X X X X X

Hip strength tests

Hip Abduction (supine) Secondary outcome, 
treatment mediator

X   X     

Hip Adduction (supine) Secondary outcome, 
treatment mediator

X   X     

Hip Extension (prone) Secondary outcome, 
treatment mediator

X   X     

Hip External Rotation (prone) Secondary outcome, 
treatment mediator

X   X     

Hip Internal Rotation (prone) Secondary outcome, 
treatment mediator

X   X     

Hip Flexion (sitting) Secondary outcome, 
treatment mediator

X   X     

Functional tests

Continued
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Patient-reported outcome measures
Primary outcomes
We will collect multiple (two) primary outcomes.31

Hip- related QOL will be measured using the iHOT-
33. The iHOT-33 questionnaire consists of 33 individual 
questions scored on a visual analogue scale from 0 
(worst possible score) to 100 (best possible score). The 
iHOT-33 has acceptable psychometric properties and is 
recommended for use in active adults with hip- related 
pain.32 33 It has a low SE of measurement (six points),34 is 
responsive,35 with reported minimal clinically important 
differences ranging from 6 to 10 points35 and minimal 
detectable change (groups) of 2 points.34

Patient- perceived global improvement will be measured 
on a 7- point Likert scale (‘much improved’, ‘improved’, 
‘a little improved’, ‘no change’, ‘a little worse’, ‘worse’, 
‘much worse’). This is a clinically relevant tool for eval-
uating an individual patient’s perspective on meaningful 

improvement.36 For the analysis, patient- perceived global 
improvement will be used as a continuous scale.

Secondary outcomes
The Copenhagen Hip and Groin Outcome Score 
(HAGOS)37 is a self- reported questionnaire consisting 
of six subscales that evaluates dimensions of hip and/or 
groin pain including: pain, symptoms, physical function 
of daily living, physical function in sport and recreation, 
participation in physical activities and hip- related QOL. 
The HAGOS subscales are each scored out of 100 points 
(100=best possible score) has acceptable reliability and 
validity in young people with hip and groin pain.38

Workplace Activity Limitations Scale is a 12- item question-
naire that aims to identify arthritis- related activity limitations 
specific to various employment related tasks. Responses 
are made using a 4- point Likert scale and a total score is 
measured out of 33 (higher scores=more impairment).39

PhysioFIRST time line

Measure Purpose

Time point (months) collected

0 1 2 3 4 5 6 7 8 9 10 11 12

Trunk Muscle Endurance 
(side lying)

Secondary outcome, 
treatment mediator

X   X     

One Leg Rise Secondary outcome, 
treatment mediator

X   X     

Star excursion Balance Test Secondary outcome X   X     

Hop for Distance Secondary outcome X   X     

Single leg squat (video 
analysis)

Secondary outcome X   X     

Range of motion (degrees)

Hip Flexion Secondary outcome X   X     

Hip External Rotation Secondary outcome X   X     

Hip Internal Rotation Secondary outcome X   X     

Imaging             

Hip MRI cartilage Secondary outcome, 
treatment modifier

X       X

Hip alpha angle Describe population, 
treatment modifier

X         

Biomechanics tests

Walking Secondary outcome X   X     

Y- Balance Secondary outcome X   X     

Single Leg Squat Secondary outcome X   X     

Running Secondary outcome X   X     

Activity monitoring

Fitbit Activity Monitoring (2- 
week block)

Secondary outcome X X X   X

Cost- effectiveness

Incremental cost per Quality 
Adjusted Life Year

Secondary outcome     X     

Table 2 Continued
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EQ- 5D- 5L (Registration ID 34190_TOU) is a reliable 
and valid measure of QOL.40 The EQ- 5D- QL asks the 
participant to indicate their health state according to five 
dimensions that assess: mobility, self- care, usual activities, 
pain/discomfort and anxiety/depression.40 41

Treatment modifiers
Pain Detect Questionnaire (PD- Q) evaluates the presence 
and severity of seven qualitative characteristics of pain, 
including: burning sensation, hyperesthesia, allodynia, 
shock- like, thermal, numbness and tenderness. Based 
on the participant’s self- reported scores, the likelihood 
for pain to be attributable to neuropathic factors is then 
classified as: (1) likely; (2) unlikely (and thus the pain 
type is identified as nociceptive) or (3) ambiguous (indi-
cating the pain type is unclear and identified as having 
a mixed pattern).42 43 The PD- Q is a reliable screening 
questionnaire for pain types with intra- class correlation 
co- efficients (ICC’s) for measurement of pain intensi-
ties varying between 0.81 (95% CI 0.75 to 0.87) and 0.87 
(95% CI 0.82 to 0.91).43

Keele STarT MSK Tool Clinical version contains 10 
items that ask the participant about their function and 
disability, pain and coping, comorbidity and the impact of 
pain. Once scored, it places the patient into three catego-
ries based on their risk of a poor outcome (low, medium, 
high). This tool has moderate- to- good level predictive 
ability in the identification of patients who develop 
persistent disabling pain.44

Tampa scale for Kinesiophobia (TSK) consists of 17 
statements which measure pain- related fear of movement 
in patients with chronic MSK pain.45 Each statement 
is provided with a 4- point Likert scale, and total scores 
range from 17 to 51, with a higher score indicating more 
fear of movement. The TSK demonstrates moderate reli-
ability and validity when tested on patients with acute and 
chronic MSK pain.46 47

Physical impairment and functional outcome measures
Hip muscle strength will be measured with previously 
described methods,29 48 as a secondary outcome and as a 
treatment mediator. A full description of the hip muscle 
strength tests are contained in online supplemental file 3.

Range of motion tests and functional performance 
tests are secondary outcomes and will be measured using 
previously published standardised methods (online 
supplemental file 3).29 49 These tests of physical impair-
ment will be measured at baseline and 6 months (table 2). 
The tests have excellent reliability (ICC=0.82–0.95)29 and 
were selected as they are frequently used in clinical prac-
tice and are associated with functional capacity of the hip 
and lower limb.6 50

Imaging measures
Radiographic hip alpha angle,21 as described above, will 
be used to describe the population and to determine its 
effect as a treatment modifier.

Hip joint cartilage structure at baseline will be quan-
tified using the Scoring Hip Osteoarthritis with MRI 
(SHOMRI) semiquantitative scoring system on a subset 
of 50 participants (25 per group).51 The SHOMRI 
classification quantifies cartilage features in 10 subre-
gions.51 The SHOMRI scoring system has excellent previ-
ously published intrareader and inter- reader reliability 
(ICC=0.91–0.97; κ: 0.55–0.79).51 This measure will be a 
secondary outcome and will also be used as a treatment 
modifier.

Hip biomechanics
Hip biomechanics will be secondary outcomes. Using 
three- dimensional motion analysis according to our 
previously described protocol,48 participants biome-
chanics during walking, running, the single leg squat 
and the y- balance test will be examined in a subset of 50 
participants (25 per group) at baseline and at 6 months. 
Changes in hip biomechanics during these tasks will be 
measured. Details of the biomechanics testing proce-
dures are contained in online supplemental file 4.

Physical activity
Physical activity (average daily step count over 14 days) 
is a secondary outcome and will be measured using the 
Fitbit Surge on a subset of 40 participants. The Fitbit 
Surge is a lightweight wrist worn device that tracks phys-
ical activity and has demonstrated reliability in people 
aged 18–50 years.52

Long-term follow-up
Participants will be invited to complete the PROMs listed 
in table 2 at annual intervals to 5 years, and then again at 
10 years to enable the assessment of long- term predictors 
of outcome, and progression to hip surgery, including 
hip arthroscopy and hip arthroplasty.

Data management
Data quality will be ensured via practitioner training, 
assessing procedural quality and random checks of 
protocol adherence, data completeness and accuracy. 
Intervention adherence will be defined as completing 
≥80% of the physiotherapist- led treatments and super-
vised gym sessions and will be tracked by the clinical 
site booking system and weekly questionnaires or the 
Physitrack app. All participants will be included in the 
intention to treat (ITT) analyses, including participants 
adhering to <80% of treatment and those participants 
who withdraw from the study.22

Sample size
A power calculation was conducted for this RCT, informed 
by data from our previous pilot study that used and 
compared a similar tailored strengthening intervention 
to a standardised stretching intervention.6 The MCID of 
the iHOT-33 is still uncertain in non- surgical patients with 
FAI syndrome and has only been estimated in hip arthros-
copy cohorts.34 35 Therefore, the power calculation was 
based on the observed baseline SD and the between- group 
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differences in the scores of our first primary outcome 
measure (hip- related QOL (iHOT-33)) from our pilot 
study (baseline SD=25 points; mean difference 15 points 
out of 100),6 which exceeded the previously reported 
MCID of 6–10 points.35 Our pilot trial6 observed a stan-
dardised mean difference (SMD) of 0.68 for the iHOT-33. 
We reduced the proposed SMD to 0.50 for this study to 
account for the small sample (n=24) in the pilot study, the 
similarities between the interventions and the difference 
in the expertise of treating physiotherapists in a full- scale 
study. This is consistent with previously reported between- 
group SMD for the second primary outcome (patient- 
perceived global improvement) of 0.50.53 Estimated 
sample sizes for a two- sample means t- test assuming 80% 
power, α=0.025 (accounting for both primary outcomes), 
results in a sample size estimate of 156 participants. To 
account for an estimated 5% drop- out due to the study 
duration, a recommended sample size of 164 participants 
(82 in each group) will be recruited in this RCT.

Statistical analyses
Data will be analysed using ITT, with all randomised 
participants included in analyses, regardless of protocol 
adherence. An experienced biostatistician (AJS) will 
perform blinded analyses of primary and secondary 
outcomes. The two primary endpoints chosen will be eval-
uated separately, such that a significant treatment effect 
against either of the endpoints will be taken as evidence 
of efficacy.31 Linear mixed models (with baseline value as 
a covariate and treatment condition as a fixed factor) will 
be used to evaluate the treatment effect and 95% CI at 3 
and 6 months. Models will be adjusted for age and sex. In 
addition to the primary ITT analysis, sensitivity analyses 
for missing outcome data will be performed on multiple 
imputed datasets, and Complier Average Causal Effects 
methods will be used to estimate the treatment effect at 
full and partial levels of participation in addition to the 
primary ITT analysis.

For the primary analysis, patient- perceived global 
improvement will be assessed as a 7- point scale, with boot-
strapped standard errors to account for non- normality 
of residuals. A secondary analysis will assess the between- 
group difference in the proportion of participants 
reporting being ‘much improved’ or ‘improved’, as an 
indicator of successful treatment outcome.

Exploratory moderation analysis will be conducted 
to determine the strength of evidence provided by the 
study that treatment effects are moderated by the factors 
outlined as potential moderators in table 2, by incor-
porating an interaction term between the potential 
moderator and the treatment group indicator in the 
linear mixed models for the ITT sample for the primary 
outcomes. Investigation of the mediation of the treat-
ment effect for the primary outcomes for the ITT sample 
by the potential mediator variables outlined in table 2 will 
also be conducted. Standardised estimates of the medi-
ated treatment effect with bootstrapped 95% CIs will be 
presented.

Cost-effectiveness (incremental cost per quality -adjusted life 
year)
The economic evaluation will estimate the incremental 
cost (healthcare system perspective) per quality- adjusted 
life year from the EQ- 5D- QL assessment. Healthcare 
resource utilisation, including cointerventions for hip- 
related pain (eg, medicines, complementary treatments 
and details of hospital presentations), will be collected 
from several sources to facilitate data analysis, reporting, 
and corroboration. Data sources will include the Medi-
care and Pharmaceutical Benefits Scheme databases 
(includes rebated, private health insurance and out- of- 
pocket costs). Resources used to deliver the trial inter-
ventions for each respective trial arm will also inform the 
economic evaluation.

LIMITATIONS
We acknowledge that our target effect size (SMD=0.50) 
might represent a larger between group difference than 
the lower bound of the previously reported between 
group difference (eg, the lower end of the previously 
reported MCID for iHOT-33 of 6 points).35 Therefore, we 
powered the study for an effect size of SMD=0.50, because 
a moderate effect would be considered clinically mean-
ingful. While our two interventions do contain some 
similar elements, our pilot trial indicated we could poten-
tially expect larger differences than six points between 
treatment groups.6

When we developed the two intervention groups, we 
deliberately sought to compare what we considered ‘best 
practice’ based on our understanding of impairments 
(reduced strength) against a standardised comparator 
that would seem credible to participants, to allow for 
participant blinding and same level of patient–clinician 
contact between groups. However, this does not allow us 
to test whether any between group differences are due 
to the different exercise components of the programme 
(strength vs stretch), or to the nature of the interventions 
(individualised vs standard), and this would need to be 
explored in future studies.

TRIAL STATUS
Recruitment commenced in February 2018 and it is antic-
ipated that this will be completed by September 2020. In 
March 2020, adjustments were made to the study protocol 
due to COVID-19, these are described in online supple-
mental file 5.

CONCLUSION
This RCT aims to compare the effectiveness of a physio-
therapist- led intervention with targeted strengthening 
to a physiotherapist- led intervention with standardised 
stretching in 164 participants with FAI syndrome on 
hip- related QOL or patient- perceived global improve-
ment. It may provide an evidence- based framework for 
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physiotherapists to implement the first line of care for the 
treatment of FAI syndrome.

Ethics and dissemination
This study complies with the Declaration of Helsinki 
and has been approved by La Trobe University human 
research ethics committee. All participants will provide 
written informed consent prior to enrolment in the study. 
Participant information and consent forms for the study 
are included as online supplemental files 6 and 7. Partic-
ipants will undergo a single pelvic radiograph for study 
inclusion, thus ensuring that the exposure to ionising 
radiation is no more than that in standard clinical expo-
sure. The ethical and safety considerations associated 
with this trial are very low. We will disseminate study 
outcomes via submission to high- impact international 
peer- reviewed journals and presentation at international 
scientific conferences. By targeting a general medical 
journal, we will ensure study findings are disseminated to 
a variety of health professions.

Patient and public involvement
Patients were involved in the planning stages of this 
project. Patients provided input via questionnaires and 
interviews.

Patients’ priorities gathered during the questionnaires 
and interviews informed the development of the research 
question.

Patients and clinicians provided input into the devel-
opment of the interventions, the frequency of treatment 
and their treatment goals.

Patients were not involved in the recruitment and 
conduct of the study.

Patients were asked to assess the burden of the interven-
tion and time required to participate in the study during 
the planning stages of the study.

Patients and clinicians will provide input into the 
dissemination of study results by assisting with the deci-
sion on what information to share and in what format.
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