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AbstrACt
Introduction Periacetabular osteotomy (PAO) is an 
established treatment for adolescent and adult patients 
with hip dysplasia. However, the efficacy of PAO has 
not been tested against another surgical intervention or 
conservative treatment in a randomised controlled trial 
before. We suggest that progressive resistance training 
(PRT) could be an alternative to PAO. The primary aim 
of this trial is therefore to examine the efficacy of PAO 
followed by 4 months of usual care followed by 8 months 
of PRT compared to 12 months of solely PRT in patients 
with hip dysplasia eligible for PAO in terms of patient- 
reported pain measured by The Copenhagen Hip and Groin 
Outcome Score (HAGOS).
Methods and analysis This trial is a single- blinded 
multicentre randomised controlled clinical trial, where 
patients with hip dysplasia, who are eligible for PAO, will 
be randomised to either PAO followed by usual care and 
PRT or PRT only. Primary outcome is patient- reported 
pain, measured on the subscale pain on the HAGOS 
questionnaire 12 months after initiation of PAO or PRT. 
The key secondary outcomes are the other subscales of 
the HAGOS, adverse and serious adverse events, usage 
of painkillers (yes/no) and type of analgesics. Based on 
the sample size calculation, the trial needs to include 96 
patients.
Ethics and dissemination The trial is approved by 
the Central Denmark Region Committee on Biomedical 
Research Ethics (Journal No 1-10-72-234-18) and by the 
Danish Data Protection Agency (Journal No 1-16-02-120-
19). The trial is also approved by The Regional Committee 
for Medical and Health Research Ethics, Region South- East 
Norway (Ref. 2018/1603). All results from this trial will be 
published in international peer- reviewed scientific journals 
regardless of whether the results are positive, negative or 
inconclusive.
trial registration number NCT03941171

IntroduCtIon
Hip dysplasia is associated with development 
of early osteoarthritis (OA).1–3 However, 
not everyone with radiologically verified 
hip dysplasia develops OA. Periacetabular 
osteotomy (PAO)4 5 is an established treat-
ment for hip dysplasia in adolescents and 
adults.6–9 The aim of PAO is to improve pain 
and prevent secondary OA by improvement 
in the hip biomechanics.10 However, studies 
describing the natural history of hip dysplasia 
are lacking. The lack of knowledge is prob-
lematic since patients are offered a surgery 

strengths and limitations of this study

 ► This is the first head- to- head comparison to evalu-
ate the additive effect of periacetabular osteotomy 
(PAO) in addition to non- surgical treatment in pa-
tients with hip dysplasia scheduled for PAO.

 ► The trial will provide valuable evidence to surgeons, 
physiotherapists and decision- makers by highlight-
ing the efficacy, benefits and harms of the surgical 
and non- surgical treatment approach, respectively.

 ► The results are expected to have an immediate sub-
stantial impact on clinical practise by providing new 
evidence to achieve optimal allocation of health care 
resources as well as markedly improved knowledge 
when informing patients with hip dysplasia about 
their options.

 ► The trial is a multicentre randomised controlled and 
assessor blinded trial, conducted at two sites in two 
countries.

 ► A limitation is that the patients cannot be blinded 
towards the intervention.
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with potential complications mainly based on pain 
indication without knowing if OA would progress. In a 
longitudinal trial, 136 controls were compared with 81 
persons with mild or moderate radiological verified hip 
dysplasia.11 The participants were followed for a decade, 
but the results of the study did not document a tendency 
for radiological hip degeneration. In contrast, Morita 
et al12 found that the probability of OA progression was 
13% in a cohort of 88 patients with hip dysplasia who had 
received a rotational acetabular osteotomy in the contra-
lateral hip 20 years earlier.

Patients with hip dysplasia typically experience hip 
pain and reduced walking distance. The pain is localised 
to the groin area and can be sharp, sudden and some-
times radiate towards the knee.13 This results in reduced 
patient- reported and performance- based physical func-
tion.7 8 14–16 In addition, Sørensen et al14 showed that 
patients with hip dysplasia had weaker hip flexor and 
abductor muscles than age and gender matched controls. 
Only few trials have investigated physical training for this 
patient group.17–19 Importantly, trials in hip OA20 21 have 
shown, that progressive resistance training (PRT) seems 
to be a promising exercise modality that may relieve pain 
and improve function. To our knowledge, no trials have 
applied PRT in hip dysplasia. We therefore performed a 
pilot PRT trial15 on 17 patients with hip dysplasia sched-
uled for PAO and found that PRT is feasible with few and 
minor adverse events and that the patients were motivated 
for the training (high training compliance). The pilot 
trial further indicated decreased patient- reported pain, 
symptoms and better patient- reported scores for sport 
and recreation measured by The Copenhagen Hip and 
Groin Outcome Score (HAGOS). Moreover, we found 
increased performance- based function and increased 
hip flexion muscle strength on the affected side. As 
such, a well- powered randomisedcontrolled trial (RCT) 
comparing PRT to PAO in hip dysplasia seems justified.

In further support of the aforementioned RCT, patients, 
their relatives, healthcare providers and decision- makers 
have a common interest in investigating the efficacy of 
PAO. As described by Wartolowska et al,22 it is reason-
able to assume that surgery is associated with a placebo 
effect. First, because invasive procedures have a stronger 
placebo effect than non- surgical ones and, second, 
because a confident diagnosis and a decisive approach to 
treatment, typical for surgery, usually results in a strong 
placebo effect.22 A recent survey23 among British shoulder 
surgeons showed that surgeons generally agreed that a 
placebo component to surgical intervention might exist. 
With the increased use of PAO worldwide and expanded 
indications for PAO, such as acetabular retroversion and 
femoroacetabular impingement syndrome,16 24 25 it is 
problematic that the efficacy of PAO has not been investi-
gated in a randomised controlled trial.

Aim and hypothesis of the trial
The primary aim of this trial is to examine the efficacy 
of PAO followed by 4 months of usual care followed by 8 

months of PRT compared to 12 months of a PRT only, in 
patients with hip dysplasia eligible for PAO, in terms of 
patient- reported pain measured by HAGOS. Secondary 
aims are to investigate changes in patient- reported symp-
toms, physical function in daily living, physical function in 
sport and recreation, hip and/or groin- related quality of 
life, generic health status, performance- based function, 
hip muscle strength, physical activity and adverse events 
between PAO followed by usual care and PRT compared 
to PRT only. We hypothesise that PAO followed by usual 
care and PRT results in significantly less pain at 12 months 
follow- up compared to PRT only.

MAtErIAl
design
This trial is a multicentre randomised controlled and 
assessor blinded trial, following the Consolidated Stan-
dards of Reporting Trials (CONSORT) guidelines.26 
Change in primary outcome will be measured from base-
line to 12 months follow- up, while change in secondary 
outcomes will be measured from baseline to 4 and 
12 months follow- up. In addition, 5 year and 10 year 
follow- up with questionnaires is planned.

Patients
Setting and location
Patients will be recruited from the Departments of Ortho-
paedic Surgery at Aarhus University Hospital, Denmark, 
and at Division of Orthopaedic Surgery at Oslo Univer-
sity Hospital, Norway. Approximately 130 PAOs are 
performed yearly in Aarhus, and 40 PAO are performed 
in Oslo yearly. We expect to recruit 96 patients. Both 
centres will be including patients, but the analysis will be 
performed at Aarhus University Hospital.

Eligibility criteria
1. Patients aged 18 to 40 years and diagnosed with hip dys-

plasia referred from primary care to the Department 
of Orthopaedic Surgery at one of the two participating 
hospitals.

2. Considered eligible for PAO by a surgeon.
3. Radiographically verified hip dysplasia (Wiberg's 

centre- edge angle <25 degrees and Acetabular Index 
angle >10 degrees) and clinical symptoms.

4. Range of motion: internal rotation >15 degrees, exter-
nal rotation >15 degrees, hip flexion >110 degrees.

5. Able to drive or commute to training sessions.

Exclusion criteria
1. OA degree >1 on classification of Tönnis.
2. CE- angle <10 degrees.
3. Retroverted acetabulum (crossover sign and posteri-

or wall sign).
4. Previous pelvic surgery for hip dysplasia (affected 

side).
5. Legg–Calvé–Perthes or epiphysiolysis.
6. Simultaneous bilateral PAO.
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Figure 1 Patient flow through the trial.

7. Previous surgery for herniated disc, spondylodesis, 
arthroplasty of hip, knee or ankle.

8. Previous surgery of the hip (tenotomy of iliopsoas 
tendon, z- plastic of the iliotibial tract or hip arthros-
copy) in index leg.

9. Neurological or rheumatoid diseases that affect the 
hip function.

10. Inadequacy in written and spoken Danish or 
Norwegian.

11. Body Mass Index >25.

randomisation
After baseline assessment, the patients will be randomised 
in a 1:1 ratio to either PAO followed by usual care and 
PRT (PAO- group) or PRT only (PRT- group). A computer- 
generated list of random numbers will be set up in the 
Research Electronic Data Capture (REDCap) randomise 
tool. Administrators of the randomisation procedure will 
be blinded to block sizes and randomisation sequence at all 
times during the trial period. Allocation concealment will 
be ensured, as the randomisation will not be performed 
and revealed before the patient has been irreversibly 
included in the trial. After randomisation a secretary or 
project coordinator, who is otherwise not affiliated with the 
trial, will refer patients to surgery or to the treating physio-
therapist/physiotherapy student who contacts the patient 
for an appointment of the first exercise session.

PRT-group
The PRT- group receives 4 months of supervised PRT 
two times per week. A physiotherapist or physiotherapist 
student will supervise all training sessions the first 4 weeks. 

The following 4 weeks, six out of eight training sessions 
are supervised and from week 9 to 16, half of the training 
sessions (8 out of 16) are supervised. After these 4 months 
(16 weeks), patients receive a free membership to a fitness 
centre near their home address and are encouraged to 
train on their own two times per week until 12 months 
follow- up with one supervised session per month. Super-
vised training sessions will be conducted at VIA University 
College (in Denmark) or at a physiotherapy practice (in 
Norway). If the included patients randomised to the PRT- 
group do not find they benefit from the PRT they can 
crossover from 4 months (see figure 1 and the section 
“Anchor question”), or at any time later throughout the 
intervention. Four months is the normal time to wait 
when being on the waiting list for a PAO surgery, but if 
patients wish to crossover after 4 months of PRT, they will 
not be put on a new waiting list but directly scheduled for 
PAO.

PAO-group
PAO will be performed with the transsartorial approach5 
or the anterior pelvic approach.4 X- rays (AP pelvic and 
AP hip) will be performed after 6 weeks, 4 months, 12 
months, 5 years and 10 years. Patients commence post-
operative rehabilitation as usual until 4 months after the 
operation. Usual care means that the patients follow a 
rehabilitation programme guided by a physiotherapist 
specialised in hip problems, with focus on stability and 
strength after the operation, as well as regaining a normal 
gait pattern. The physiotherapist will adapt the postoper-
ative rehabilitation to the patients need and thus usual 
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Table 1 Progressive resistance training descriptions over the 12 months intervention period

Exercise variable Week 1–2 Week 3–4 Week 5–6 Week 7–52

Load 15 RM 12 RM 10 RM 8 RM

Repetitions 10 12 10 8

Set per session 3 3 4 4

Rest between sets 90 s 90 s 120 s 120 s

Sessions per week 2 2 2 2

Duration of training period 52 weeks 52 weeks 52 weeks 52 weeks

Exercises Loaded squat Loaded squat Loaded squat Loaded squat

  Hip extension Hip extension Hip extension Hip extension

  Hip flexion Hip flexion Hip flexion Hip flexion

  Hip abduction Hip abduction Hip abduction Hip abduction

Contraction failure in each set Yes Yes Yes Yes

Range of motion Maximal possible Maximal possible Maximal possible Maximal possible

Rest between training sessions >36 hours >36 hours >36 hours >36 hours

After week 16, all exercises are performed by both legs.
RM, repetition maximum.

care will differ between patients. Four months postopera-
tive the patients complete usual care commence with the 
same PRT intervention programme as the PRT group, 
until 12 months follow- up (see description above).

MEthod
training program
The PRT programme involves 10 min of warm up 
followed by four exercises including sets of loaded squats, 
hip extension, hip flexion and hip abduction. Loaded 
squat is performed standing with a barbell or dumbbells 
and target hip- and knee- extensors and flexors. Hip 
extension is performed standing in a cable- tower with a 
cable fixed around the ankle and the leg is moved back-
ward and upward in a stretched position to perform hip- 
extension against resistance. Hip flexion is performed 
standing in a cable- tower with the cable fixed around 
the ankle and the knee is moved forward and upward to 
perform hip- flexion against resistance. Hip abduction is 
performed standing in a cable- tower with a cable fixed 
around the leg and leg is moved out to the side and up 
while kept stretched, to perform hip- abduction against 
resistance. To avoid muscle soreness of the affected 
leg (defined as index leg), squat is performed before 
the unilateral exercises. After week 16, all exercises are 
performed by both legs to train stability for the index leg 
and because the majority of the patients have bilateral hip 
dysplasia and hence probably profit from bilateral resis-
tance training. The exercises are focused on strength-
ening all the muscles around the hip. Since patients with 
hip dysplasia primarily experience decreased strength 
in hip flexors and hip abductors,27 these muscles are 
incorporated in the training programme, but to assure 
a symmetrical strengthening of the hip muscles, hip 
extensors are also included in the training programme. 

Only four exercises have been included in the training 
programme to ensure that the training sessions do not 
exceed 60 min, and consequently patients are more likely 
to adhere to the training programme. The exercises are 
simple to perform, and all equipment used are standard 
equipment in essentially all fitness centres. The absolute 
training load will be individually adjusted on a set- by- set 
basis, using the plus two principle (if the patient is able to 
perform two or more repetitions than required, the load 
is increased). Hip related pain levels up to 5 on the Visual 
Analogue Scale (VAS) is considered acceptable during 
exercise.11 Progression of relative load will be performed 
as described in table 1.

outcomes
Outcome assessments will be performed at baseline, and 
at 4 months and 12 months follow- up (after initiation of 
surgical/non- surgical treatment). An assessor blinded 
to group allocation will conduct baseline and follow- up 
measurements. The patients will be contacted and 
asked to complete hip- related questionnaires, 5 and10 
yearsafter inclusion into the trial. An overview of the 
different outcomes is presented in table 2.

Primary outcome
The pain subscale of the patient- reported questionnaire 
HAGOS, were the total score ranges from 0 (worst) to 
100 (best).27 HAGOS is a valid, reliable and responsive 
patient- reported outcome in young patients with hip and 
groin related pain.27 A minimal clinically relevant differ-
ence of the HAGOS pain subscale is considered to be 
9.7.28

Secondary outcome
The most important secondary outcomes are presented 
as key secondary outcomes. The key secondary outcomes 
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Table 2 Assessments and procedures

Baseline Surgery 4 months 12 months 5 years 10 years

Baseline characteristics

Gender X

Age X

Height X

Weight X X X

Duration of hip symptoms X

Marital status X

Educational level X

Employment status X

Physical activity and exercise X X X

Alcohol intake X

Smoking behaviours X

Comorbidities X

Patient- reported outcomes

HAGOS X X X X X

EQ- 5D- 5L X X X X X

FJS-12 X X X X X

Anchor questions X X

Physical performance tests

Single leg hop for distance X X X

Y- balance test X X X

Isometric hip muscle strength* X X X

Physical activity

Tri- axial accelerometry X X

Treatment related variables

X- ray X X X X X

Adverse events† X X

Serious adverse events† X X

Training- compliance X X

Visual Analogue Scale‡ X X X

Other treatments X X

Usage of analgesics X X X

Delay to surgery (only PRT- group) X X

Surgery (only PRT- group) X X X X

*Isometric hip muscle strength: hip flexion, extension and abduction.
†See box 1
‡VAS scores will be obtained before and after training.
EQ- 5D- 5L, European Quality of life 5 Dimensions with 5 Levels; FJS-12, Forgotten Joint Score-12; HAGOS, The Copenhagen Hip and Groin 
Outcome Score; PRT, progressive resistance training; VAS, Visual Analogue Scale.

are the other subscales of the HAGOS covering Symp-
toms, Physical function in daily living, Physical function 
in Sport and Recreation and Quality of Life; Single leg 
hop for distance;29 30 adverse and serious adverse events 
(see box 1).31 Usage of painkillers (yes/no) and type of 
analgesics is also part of the key secondary outcomes. The 
other secondary outcomes are; HAGOS subscale Partici-
pation in Physical Activities, pain reported by the VAS;32 

Forgotten Joint Score-12;33 Y- balance test34 and isometric 
measured hip muscle strength (flexion, extension and 
abduction).

Exploratory outcomes
Tri- axial accelerometer (only at baseline and 12 months 
follow- up); EuropeanQuality of life 5 Dimensions with 5 
Levels (EQ- 5D- 5L);35 delay to surgery and demographic 
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box 1 Adverse and serious adverse events

Adverse events
Haematoma
Delayed wound closure
Dysaesthesia of lateral femoral cutaneous nerve
Malpositioning; retroversion or insufficient reorientation. Insufficient re-
orientation (coverage) – optimally is the CE- angle 30 to 40 degrees and 
the AI- angle 0 to 10 degrees.
Heterotopic ossifications (Brooker I and II)
Urinary tract infections
Infection not requiring surgical revision

serious adverse events
Avascular necrosis of the femoral head or acetabulum
Nerve palsy
Major bleeding (administration of more than five blood units intraoper-
atively and postoperatively)
Peroneal and femoral neurapraxia
Deep vein thrombosis
Pulmonary embolism
Stress fracture of ischial bone and posterior column
Intraarticular osteotomy
Heterotopic ossifications (Brooker III and IV)
Infection requiring surgical revision
Loss of fixation/loss of reorientation
Delayed or non- union of pubic, ischial or iliac bone

differences between crossover patients compared with 
patients as treated in the PRT group.

Demographic data
Gender, age, height, weight, duration of hip symptoms, 
civil status, educational level, employment status, physical 
activity and exercise, alcohol intake, smoking behaviours 
and comorbidities.

Assessment of compliance
Compliance to training will be registered from the 
patients’ training protocols, described as number of 
sessions attended versus number of planned sessions 
according to the protocol in per cent. Compliance to 
training will be calculated both for those who complete 
the intervention and for all patients, including drop- outs. 
High compliance is defined as ≥70% attendance to the 
supervised sessions the first 4 months. Number of self- 
training sessions will be recorded in a training diary and 
high compliance to self- training (from 4 to 12 months 
follow- up) is defined as attendance to the PRT of ≥50%.

X-rays
X- rays will be performed with the patient in standing posi-
tion (AP pelvic) and in supine position (AP hip), at base-
line and at every follow- up for both groups. X- rays will 
also be repeated at 6 weeks for the PAO- group as part of 
the standard postoperative care.

Data entry
In Denmark the software REDCap will be used for data 
entering, while EpiData will be used in Norway.

Anchor question
After 4 months, the patients will have an appointment with 
the surgeon. Before this meeting the patients will fill out 
the anchor question (described below) and the HAGOS 
questionnaire. These two questionnaires will form the 
basis of the talk with the surgeon. For patients allocated 
to the PRT- group, the surgeon will ask the patient to eval-
uate to which extent the a priori hip problems have been 
addressed, and the patient and surgeon decide whether 
the patient continues in the PRT- group they have been 
randomised to or is crossing over to PAO. The decision of 
crossing over is thus a decision made between the surgeon 
and the patient, based on the anchor question and the 
HAGOS questionnaire. After talking to the surgeon, func-
tion and muscle strength will be tested.

Anchor question
PAO- group: How is your operated hip now compared 
with before surgery? Much better, slightly better, the 
same, slightly worse or much worse?

PRT- group: How is your hip now compared with before 
you started this training programme? Much better, slightly 
better, the same, slightly worse or much worse?

sample size
A minimal clinically relevant difference of the HAGOS 
pain subscale is considered to be 9.7 (28). Based on a 
previous pilot trial the SD of HAGOS pain in PAO patients 
is 16.2 (15). Given a power of 0.80 and two- sided signif-
icance level α=0.05, the estimated sample size of each 
intervention group is 44 patients. Allowing for possible 
crossovers and loss to follow- up, the number of included 
patients in each intervention group will be 48 patients.

data availability statement
Aarhus University Hospital is responsible for handling 
all personal data provided by both sites in accordance to 
the Clinical Trial Agreement and the EU General Data 
Protection Regulation. Oslo University Hospital agree 
that information directly related to the protocol and trial, 
including data, material, Intellectual Property and results 
generated from the trial shall be the property of Aarhus 
University Hospital, and shall be treated in strict confi-
dence, and shall not be disclosed to any third party, or 
use for its benefit or the benefit of any third party, without 
the prior written consent of Aarhus University Hospital, 
except for data that is (i) publicly known or available 
from other sources who are not under a confidentially 
obligation to the other party, (ii) has been made available 
by the other party without confidentiality obligation, (iii) 
is independently developed or otherwise already known 
by or available to the other party without a confidentiality 
obligation or (iv) is already required disclosed by law.

statistical considerations
All descriptive statistics and tests will be reported in accor-
dance with the recommendations of the ‘Enhancing the 
QUAlity and Transparency Of health Research’ (EQUATOR)36 
network and the CONSORT statement.26 The primary 
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efficacy analysis will be assessment of the between- group 
difference in change in the HAGOS pain subscale from 
baseline to 12 months after initiating the treatment 
(primary end- point). The primary analysis will follow the 
intention- to- treat principle and a mixed effects model 
will be used. Sensitivity and exploratory analysis will be 
performed with the purposes to test the robustness of 
the results per- protocol with good compliance (defined 
as participation in ≥70% of the training sessions) and 
as- treated analysis, in which patients will be analysed 
based on their adherence to the randomised treatment 
expecting three groups1: patients randomised to PAO,2 
patients randomised to PRT without undergoing PAO in 
the follow- up period,3 patients randomised to PRT under-
going PAO in the follow- up period.

Ethics and dissemination
Before inclusion, all patients will have to give their 
written, informed consent in accordance with the Decla-
ration of Helsinki II. All data and information collected 
in regard to this trial will be treated confidentially by the 
researchers and staff connected to the trial.

Patient and public involvement
During the development of the trial design, we have inter-
viewed a group of patients with hip dysplasia with the 
purpose of gaining knowledge on the patients’ thoughts 
on participating in a clinical trial that investigates the 
efficacy of joint preserving surgery compared with a PRT 
programme. The patients were asked to consider how 
often they would be able to train, how far they would be 
willing to commute to the training facility and what their 
primary reason for seeking treatment had been. Likewise, 
they were asked about what was most important for them 
to achieve with an operation or a training intervention. 
This was performed in order to use the obtained knowl-
edge to improve our patient information, the method of 
patient recruitment and the PRT programme.

dIsCussIon
This is the first head- to- head comparison to evaluate the 
additive effect of PAO in addition to non- surgical treat-
ment in patients with hip dysplasia scheduled for PAO. 
The trial will provide valuable evidence to surgeons, 
physiotherapists and decision- makers by highlighting 
the efficacy, benefits and harms of the surgical and non- 
surgical treatment approach, respectively. The results are 
expected to have an immediate substantial impact on 
clinical practise.

Since the trial is designed to be an assessor blinded 
randomised controlled trial, it reaches the highest 
evidence level. For obviously reasons it is not possible 
to blind the patients towards the intervention, which 
is a limitation of the trial. The trial is conducted at two 
University Hospitals and the patients are regular patients, 
thus the infrastructure used is of high standard. Both 
hospitals have specific hip units and have all necessary 

hospital equipment available including operational envi-
ronment and postoperative hospitalisation. All outcomes 
are valid and reliable outcome measures and consist of 
both multiple patient- reported outcomes and objective 
outcome measures.

There can be unforeseen risks in connection with all 
trials, but these are considered minimal in this trail. 
When performing PRT, it is normal to experience muscle 
soreness, and based on the experience from our earlier 
feasibility trial15 testing PRT in patients with hip dysplasia, 
we know that there are times where the patients can expe-
rience muscle- related pain. The patients are thus asked 
to score their pain before and after each training session, 
to ensure that the training does not aggravate the hip 
pain. All methods included in this trial have been used in 
previous approved trials.

All results from the trial will be published in interna-
tional peer- reviewed scientific journals regardless of 
whether the results are positive, negative or inconclusive.
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