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 � Children’s OrthOpaediCs

The British Orthopaedic Surgery 
Surveillance study: Perthes’ disease
The epidemiology and Two- year ouTcomes from a 
prospecTive cohorT in greaT BriTain

aims
the aim of this study was to evaluate the epidemiology and treatment of perthes’ disease 
of the hip.

Methods
this was an anonymized comprehensive cohort study of perthes’ disease, with a nested 
consented cohort. a total of 143 of 144 hospitals treating children’s hip disease in the 
UK participated over an 18- month period. Cases were cross- checked using a secondary 
independent reporting network of trainee surgeons to minimize those missing. Clinician- 
reported outcomes were collected until two years. patient- reported outcome measures 
(prOMs) were collected for a subset of participants.

results
Overall, 371 children (396 hips) were newly affected by perthes’ disease arising from 63 
hospitals, with a median of two patients (interquartile range 1.0 to 5.5) per hospital. the 
annual incidence was 2.48 patients (95% confidence interval (CI) 2.20 to 2.76) per 100,000 
zero- to 14- year- olds. Of these, 117 hips (36.4%) were treated surgically. there was consid-
erable variation in the treatment strategy, and an optimized decision tree identified joint 
stiffness and age above eight years as the key determinants for containment surgery. a 
total of 348 hips (88.5%) had outcomes to two years, of which 227 were in the late reos-
sification stage for which a hip shape outcome (Stulberg grade) was assigned. The inde-
pendent predictors of a poorer radiological outcome were female sex (odds ratio (Or) 2.27 
(95% Ci 1.19 to 4.35)), age above six years (Or 2.62 (95% Ci (1.30 to 5.28)), and over 50% 
radiological collapse at inclusion (Or 2.19 (95% Ci 0.99 to 4.83)). surgery had no effect on 
radiological outcomes (Or 1.03 (95% Ci 0.55 to 1.96)). prOMs indicated the marked effect 
of the disease on the child, which persisted at two years.

Conclusion
despite the frequency of containment surgery, we found no evidence of improved out-
comes. There appears to be a sufficient case volume and community equipoise among sur-
geons to embark on a randomized clinical trial to definitively investigate the effectiveness 
of containment surgery.

Cite this article: Bone Joint J 2022;104-B(4):510–518.

introduction
perthes’ disease is an idiopathic avascular necrosis 
of a developing femoral head which occurs 
predominantly in males (at a ratio of 4:1) between 
four and eight years old.1,2 The disease usually 
results in long- term deformity of the hip, which 
is a major precipitant of premature osteoarthritis, 
and frequently necessitates hip arthroplasty in 
early adulthood.3 however, it is one of the most 
common and most poorly understood disorders 

encountered by paediatric orthopaedic surgeons. 
The incidence is believed to be approximately 
five per 100,000 zero- to 14- year- olds per year,4,5 
suggesting that there are approximately 500 new 
cases throughout the uK annually. The origins of 
the disease are very closely linked to socioeco-
nomic deprivation,2,5–7 though the aetiology and 
mechanism are so far unknown.

There is substantial variation in the treatment 
of perthes’ disease, which includes observation 
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table i. Annual incidence per 100,000 population of first presentation 
of Perthes’ disease.

Variable population, n* First presentation

n incidence (95% Ci)

All 11,311,227 304 2.48 (2.20 to 2.76)

region
england 9,927,566 262 2.44 (2.14 to 2.73)

London/surrounding 
boroughs

2,323,067 38 1.51 (1.07 to 2.07)

South 1,982,386 63 2.93 (2.25 to 3.75)

North 2,698,410 101 3.46 (2.78 to 4.13)

Central 2,923,703 60 1.89 (1.45 to 2.44)

Wales 523,183 16 2.82 (1.61 to 4.58)

scotland 860,478 26 2.79 (1.82 to 4.09)

age group
0 to 5 yrs 4,692,365 166 3.27 (2.88 to 3.76)

6 to 10 yrs 3,850,071 117 2.81 (2.30 to 3.31)

11 to 14 yrs 2,768,791 21 0.7 (0.43 to 1.07)

sex
Male 5,793,959 231 3.68 (3.21 to 4.15)

Female 5,517,268 71 1.22 (0.96 to 1.54)

*Zero- to 14- year- olds in England, Scotland, and Wales (2016 mid- year 
estimate from the Office for National Statistics).26

CI, confidence interval.

table ii. Stage and severity of Perthes’ disease at diagnosis.

Variable total

newly affected hips, n (%)

Total 396 (100)

Unilateral 346 (93.3)

Bilateral 25 (6.7)

documented stiffness, n (%)

Stiff 145 (40.7)

Minimal/no stiffness 224 (59.3)

Missing 18

Waldenström classification, n (%)
0 11 (2.8)

1A 63 (16.2)

1B 134 (34.4)

2A 93 (23.8)

2B 51 (13.1)

3A 16 (4.1)

3B 15 (3.8)

4 7 (1.8)

Missing 6

Collapse of lateral column on ap radiograph, n (%)
No collapse 104 (29.5)

< 50% 158 (44.8)

Exactly 50% 29 (8.2)

> 50% 62 (17.6)

Missing 4

head involvement on lateral radiograph, n (%)†
> 50% of head involvement 154 (61.8)

< 50% of head involvement 95 (38.2)

Missing 0

*Anteroposterior radiographs available for 357 hips.
†Lateral radiographs available for 249 hips.
AP, anteroposterior.

without any intervention, admission to hospital for ‘traction’, 
several years of non- weightbearing in a wheelchair, months of 
enforced rest in abduction plaster casts, or surgery involving 
femoral and/or pelvic osteotomies.8 There are no randomized 
controlled trials (rcTs) to guide treatment, and only two cohort 
studies have sought to prospectively identify the outcomes of 
children with perthes’ disease.9,10 There are few prognostic indi-
cators to guide treatment; therefore, treatment is largely guided 
by the opinion of the treating surgeon. This has prompted the 
British society of children’s orthopaedic surgery and a James 
lind priority setting partnership to identify the treatment of 
perthes’ disease as one of the top research priorities in chil-
dren’s orthopaedic surgery.11,12

The low quality of evidence in surgery prompted the devel-
opment of a framework to guide surgical research; the idea, 
development, exploration, assessment, long- term study 
(ideal) framework.13- 15 in this paper, we describe a national 
cohort study of children with perthes’ disease that follows the 
ideal recommendations (ideal stage 2b, ‘exploration’). 
The aim was to explore the epidemiology and treatment of 
perthes’ disease by investigating the disease frequency, case 
mix, technical intervention variables, surgeon and patient- 
reported outcomes, as well as safety of the patient.

Methods
We prospectively identified a national cohort of skeletally 
immature individuals with a confirmed radiological diagnosis of 
Perthes’ disease, defined using the typical radiological features 
within the femoral epiphysis: flattening, sclerosis, fragmenta-
tion, collapse, and reossification. Features could be evident on 
either plain radiographs or mri. participants were eligible for 
inclusion at the point of diagnosis by the clinician who made 
the treament decisions. exclusion criteria included prior treat-
ment for developmental hip dysplasia (not including double 

nappies), prior chemotherapy, sickle cell anaemia, multiple 
epiphyseal dysplasia, spondyloepiphyseal dysplasia, a known 
coagulopathy, hypothyroidism, gaucher disease, or a previous 
same- sided hip fracture.

The defined population was zero- to 14- year- olds within 
the geographical boundaries of great Britain. patients were 
identified between 4 April 2016 and 30 September 2017. Data 
were collected through a national surveillance programme, the 
British orthopaedic surgery surveillance (Boss) study, using 
a bespoke electronic platform. The full protocol detailing the 
mechanism of data collection has been published previously.16 
all but one hospital in the uK that treats any hip disease in 
childhood agreed to participate in the study (n = 143). patients 
were identified prospectively by clinical teams who, following 
the initial admission, completed an electronic patient record 
form providing the patients’ disease presentation and surgery. 
Patients who had been potentially missed were identified 
monthly by integrating reports from an independent network 
of trainee surgeons, and were then automatically cross- checked 
with known reported cases; at the same time other potential 
patients were identified.

each month, an automated email was sent to nominated 
reporting clinicians in each hospital to ask them to verify 
and confirm the completeness of their monthly case uploads, 
including confirmation of a null report. In addition, the email 
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b

Hips newly affected by Perthes' disease (n = 249)

Age < 6 years (n = 140)

Surgery
(n = 19; 14%) 

No surgery
(n = 121; 87%)

Collapse of the lateral column on AP radiographs

Age  > 6 years (n = 109)

 Stiffness (n = 65):
Surgery (n = 41; 63%)

No surgery (n = 24; 37%)

Minimal collapse
(n = 20) 

< 50% collapse
(n = 24) 

> 50% collapse
(n = 20) 

No stiffness
(n = 43) 

Surgery
(n = 7; 16%) 

No surgery
(n = 36; 84%)

No surgery
(n = 12; 60%) 

Surgery
(n = 8; 40%) 

No surgery
(n = 15; 63%) 

Surgery
(n = 9; 38%) 

No surgery
(n = 10; 83%) 

Surgery
(n = 2; 17%) 

Stiffness
(n = 107)

No stiffness
(n = 138) 

Surgery
(n = 9; 7%) 

No surgery
(n = 129; 93%)

Surgery
(n = 33; 48%) 

No surgery
(n = 40; 52%) 

Surgery
(n = 25; 74%) 

No surgery
(n = 9; 26%) 

Age < 8 years
(n = 73)

Age  > 8 years
(n = 34)

Hips newly affected by Perthes' disease (n = 249)

Fig. 1

Likelihood of a surgical versus non- surgical strategy according to an a) a priori constructed decision tree and b) optimized decision tree using 
recursive partitioning to best fit the data, which included optimizing the cut- off for age, based on the 249 hips with a treatment strategy in place at 
baseline. AP, anteroposterior.

highlighted potential missed patients who had been identified 
by the trainees. The reporting clinicians were then invited to 
upload the missing details or indicate a false identification. 
The email also identified when follow- up was due. Surgeon 
follow- up was at one year and two years post- diagnosis to 
identify outcomes, principally the radiological appearance of 
the hip, the need for further surgery, and the development of 
contralateral disease.

patient- reported outcome measures (proms) were collected 
at a subset of hospitals recruiting patients to the study. while 

surgeons entered anonymous patient details to collect surgeon- 
reported outcomes from diagnosis, patients could be enrolled 
at any time during the two years of follow- up to contribute 
patient- reported data. The proms collected were the paedi-
atric Quality of life inventory (pedsQl),17 the youth version of 
the EuroQol five- dimension three- level questionnaire (EQ- 5D- 
y),18 and the wong- Baker faces pain rating scale.19

The study was registered on the iscTrn registry 
(isrcTn54477575) and is reported in accordance with the 
ideal reporting guidelines.20 parent representatives from 
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the perthes’ association and sTeps worldwide, the primary 
charitable support groups for affected children and fami-
lies, coproduced the work from prefunding until publication 
throughout the five- year study period. The Alder Hey NIHR 
young person’s advisory group (ypag), a group of chil-
dren and young people involved in improving the conduct of 
research in children, were also involved throughout the prog-
ress of the study. The ypag have assisted in the development 
of this paper and digital participant information materials, 
advised on conduct during interval study updates, and are 
engaged in the dissemination of this work to patients and the 
public through animations and infographics.
data collected. clinicians were asked to give details regarding 
the following factors believed to be associated with progno-
sis: hip stiffness defined as ‘significantly limited abduction’ in 
the clinic environment; the radiological integrity of the lateral 
pillar;21 and the percentage of head involvement on the lateral 
radiograph.22 clinicians were also asked to determine the ra-
diological stage of disease using the modified Waldenström 
classification.23 at one- and two- year follow- up, the treatment 
received and outcomes were collected. The radiological out-
come of ‘hip shape’ was collected if the hip was stated to be a 
modified Waldenström Stage 3B or beyond. The hip shape was 
assessed using the consensus algorithm developed by neyt et 
al24 to describe the Stulberg classification. For hips for which 
follow- up radiographs were available, the roundness error on 
the anteroposterior (ap) radiograph was measured by an ob-
server (dcp), who was blind to the reports from the stulberg 
classification algorithm determined by participating surgeons.25

statistical analysis. The statistical analysis plan was final-
ized prior to data lock. Percentages were calculated, excluding 
missing data. Incidence rates for first presentation of Perthes’ 
disease (no prior diagnosis in either hip) were calculated 
stratified by country, region, age, and sex, using cases iden-
tified between 1 June 2016 and 31 August 2017. This interval 
was used allowing for a ‘run- in period’ and ‘tail- off period’ 
in terms of case ascertainment. denominators were taken to 
be the 2016 mid- year Office for National Statistical popula-
tion estimates.26 Poisson 95% confidence intervals (CIs) for 
incidence rates were calculated. The cohort’s baseline charac-
teristics were summarized together with the initial treatment 
strategy. for patients with a treatment plan in place, we de-
rived binary decision- making cut- offs most likely to influence 
surgical versus non- surgical strategies, using recursive par-
titioning. These were compared to a prior understanding of 
what the decision process was thought to be. We summarized 
the treatments received and the stage of disease of hips at one- 
and two- year follow- up. for hips at stages 2B or higher, we 
used multivariable analyses to investigate effects of baseline 
and treatment factors on two- year radiological outcome. for 
each outcome modelled, we included key known predictors 
specified a priori, and other baseline variables found to be as-
sociated with the outcome on univariable analysis. roundness 
error was modelled using random effects linear regression, 
and Stulberg grade was modelled using random effects ordinal 
logistic regression. risk of contralateral perthes’ disease was 
estimated with the associated 95% cis. proms were summa-
rized graphically over time. Univariate analyses were used to 

investigate associations between baseline factors and two- year 
PROMs. A p- value < 0.05 was considered significant.

results
A total of 371 children (396 hips) had a new confirmed radio-
logical diagnosis of Perthes’ disease identified during the 
18- month recruitment period. patients were provided from 
63 NHS hospital trusts, with the median number per hospital 
of two patients (interquartile range (IQR) 1.0 to 5.5) over the 
ascertainment period. Two children (three hips) were excluded 
from follow- up analyses as the baseline case report forms were 
not completed beyond initial patient confirmation. Surgeon- 
reported outcomes were available in 348 of 393 hips (88.5%) 
at two years.
disease frequency. The annual incidence of perthes’ dis-
ease was 2.48 (95% CI 2.20 to 2.76) per 100,000 zero- to 
14- year- olds. There was some regional variation in incidence 
rates, with the highest number of patients in northern england 
(Table i). a complete breakdown of the epidemiology and co-
hort characteristics is available in the supplementary material.
Cohort characteristics. The median age of the cohort was 5.4 
years (iQr 4.2 to 7.4), with a strong preponderance in males 
(288 male (77.6%) vs 83 female (22.4%)). The ethnicity was 
‘White British’ in 90.6% of patients. Among those for whom 
the family history was known (346 of 371 children), 20 (5.8%) 
had a first- degree relative affected by Perthes’ disease.
disease characteristics. Of the patients, 346 (93.3%) had new 
unilateral disease, and 25 (6.7%) had new bilateral disease. In 
total, 396 hips were newly diagnosed within the timeframe of 
the study. At inclusion, 154 hips (40.7%) were described by cli-
nicians to have significantly limited abduction (i.e. stiffness). 
The radiological appearance at inclusion was Waldenström 
stage 2A (early fragmentation) or earlier in 301 hips (77.2%; 
Table ii), with 262 (66.8%) having no collapse or under 50% 
collapse of the lateral column. The involvement of disease on 
the lateral radiograph was available in 249 hips (67.1%), with 
154 (61.8%) reporting > 50% head involvement.
equipoise and decision-making. at the point of entry into 
the study, there was a strategy in place for treating 249 
(65.0%) hips, with 67 (26.9%) planned for surgical treatment 
and 182 (73.1%) planned for non- surgical treatment. we hy-
pothesized that an age cut- off of six years, hip stiffness, and 
the amount of femoral head involvement would be the main 
predictors of whether a child was planned to receive surgery 
(figure 1a). However, an optimized decision tree, generat-
ed through recursive partitioning, demonstrated stiffness as 
the most important predictor of surgery, and an age cut- off at 
eight years as the next most important predictor (figure 1b). 
At inclusion into the cohort, 129 (93%) hips without stiffness 
were planned for nonoperative treatment versus 49 (46%) of 
those described to have stiffness.

over the course of follow- up, many more children under-
went surgery as treatment strategies evolved. in total, 117 
(33.4%) hips were treated surgically, and 233 (66.6%) treated 
non- surgically. The treatment details of 46 hips were unknown.
technical intervention variables. Of the 233 hips definitive-
ly treated nonoperatively over the two- year follow- up period, 
management involved observation alone in 207 hips (88.9%), 
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table iii. Radiological stage of hips at each follow- up timepoint.

Waldenström classification Baseline, n 1 yr, n 2 yrs, n

0 11 7 8

1 A 63 6 3

1B 113 13 4

2A 93 30 4

2B 51 80 7

3A 14 127 72

3B 13 59 158

4 1 17 69
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Fig. 2

Anteroposterior (AP) roundness error stratified by two- year Stulberg 
grade. This was restricted to hips that reached modified Waldenström 
stage 3B or 4.

table iV. Multivariable ordinal regression model fitting Stulberg grade 
at two years with respect to baseline covariates.

Variable Proportional adjusted OR 
(95% Ci)

p- value

sex 0.012

Male 1.00 (reference)

Female 2.27 (1.19 to 4.34)

age at entry 0.007

< 6 yrs 1.00 (reference)

≥ 6 yrs 2.62 (1.30 to 5.28)

stiffness* 0.656

None/minimal 1.00 (reference)

Stiff hip 1.16 (0.61 to 2.20)

head involvement (lateral 
pillar collapse)

0.052

< 50% 1.00 (reference)

≥ 50% 2.19 (0.99 to 4.83)

surgical treatment 0.923

No surgery 1.00 (reference)

Surgery 1.03 (0.55 to 1.96)

*Stiffness of hip was added to this analysis post hoc.
CI, confidence interval; OR, odds ratio.

with nonoperative interventions in 23 hips. of the nonoperative 
interventions, 19 hips (8.3%) were advised to prevent weight-
bearing through the affected leg and four (1.7%) were treated 
in a hip spica/orthosis, with restrictions lasting for a median of 
50 weeks (IQR 26 to 52).

Of the 117 hips definitively treated with surgery over the two- 
year follow- up period, this involved surgery to the bone in 111 
(96.5%). Bone surgery most frequently concerned a ‘contain-
ment’ osteotomy: varus osteotomy (n = 63; 57.8%), shelf oste-
otomy (n = 35; 32.1%), salter osteotomy (n = 5; 4.5%), and 
other redirectional acetabular osteotomy (n = 2; 1.8%). other 
bone surgery included core decompression (n = 1; 0.9%) and 
hip distraction (n = 2; 1.8%), with four missing or unspecified. 
soft- tissue surgery (with/without bone surgery) was undertaken 
in 41 of those undergoing surgery (35%), with adductor release 
and psoas release commonly performed.

Physiotherapy was recommended in 207 (61.2%) children. 
other therapies were rare, and included botulinum toxin (n = 1), 
steroids (n = 4), and treatment with vitamin d (n = 5).
surgeon-reported outcomes. At inclusion into the cohort, 300 
hips (79.1%) were described to be in early fragmentation or ear-
lier in the disease process. at the two- year follow- up visit, 299 
hips (92.0%) available for follow- up were in early reossifica-
tion or later (Table iii).

Overall, 227 hips (69.8%) were in late reossification or the 
healed stage, which was the point at which an assessment of 
hip shape was permitted. of these, 39 (17.5%) were stulberg 
1 (17.5%), 59 Stulberg 2 (26.5%), 84 Stulberg 3 (37.7%), 26 
Stulberg 4 (11.7%), and 15 Stulberg 5 (6.7%). A total of 141 
radiographs were available to the study team. The quantifiable 
measure of hip shape (ap roundness error) was associated with 
stulberg grades reported by reporting clinicians (figure 2).

ordinal regression suggests that age and sex were the only 
baseline factors associated with two- year stulberg grade, with 
the degree of lateral pillar collapse near to statistical signifi-
cance: children aged six years or more at baseline, and/or 
female, and/or > 50% lateral column collapse were more likely 
to have a worse outcome at two years. most importantly, neither 
clinical stiffness nor surgical treatment on the hip appeared to 
have any bearing on outcome (Table iv).
patient-reported outcomes. in total, 57 of the 144 sites agreed 
to invite participants to complete patient- reported outcomes, 
and 172 participants were enrolled to provide proms. at base-
line, 82 children were recruited with a completion rate of 85% 
(70/85). However, at one year and two years, completion rates 
were only 27% (41/150) and 58% (99/172) from 150 and 172 
children, respectively. Those completing proms were broad-
ly representative of the surveillance cohort in terms of age at 
diagnosis, sex, ethnicity, and Bmi. figure 3 illustrates the im-
pact of the disease on the child using the pedsQl subdomains. 
Univariate analysis was unable to demonstrate any significant 
association between baseline characteristics (i.e. age, sex, Bmi, 
stiffness, collapse, lateral head involvement, treatment, and 
centre- volume) and any of the recorded proms (i.e. eQ- 5d- y, 
pedsQl, or wong Baker). see supplementary material for a 
complete breakdown of the outcome data.
Complications. complications of treatment, either with sur-
gery or without surgery, were rare. There were no periprosthet-
ic fractures associated with the surgical osteotomies. The only 
unplanned surgical complication was a pin exchange related to 
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Total 14.3 48.6 22.9 14.3

Poor < 40 Fair: 40 to 69.9 Good: 70 to 79.9

Very good/excellent: 80 to 100

Physical 38.6 47.1

Emotional 12.9 45.7 14.3 27.1

104.3

Social 8.7 37.7 18.8 34.8

School 12.1 42.4 9.1 36.4

Total 6.1 33.3 19.2 41.4

Physical 13.1 33.3

Emotional 9.2 23.5 15.3 52

44.49.1

Social 6.1 27.3 11.1 55.6

School 7.1 33.3 11.1 48.5

Poor < 40 Fair: 40 to 69.9 Good: 70 to 79.9

Very good/excellent: 80 to 100

a b

Fig. 3

Distribution of Paediatric Quality of Life Inventory scores in Perthes’ disease patients at a) baseline (n = 70) and b) two years (n = 99), based on 
established categorizations.

an external fixator. Within the follow- up period, 48 hips had ad-
ditional surgery after their initial treatment intervention, and 26 
were planned to subsequently undergo surgery. Additionally, 40 
hips had undergone removal of metal hardware, with a further 
14 hips scheduled to undergo removal. one patient underwent 
arthroplasty surgery within the follow- up period, and four were 
scheduled to undergo arthroplasty surgery.

non- containment surgery completed and planned included 
epiphysidodesis for leg length inequality (n = 5), ablation of 
the greater trochanter apophysis (n = 2), realignment ostoeoto-
mies for impingement (i.e. valgus osteotomy; n = 6), soft- tissue 
surgery (n = 2), femoral head decompression (n = 1), shelf oste-
otomy (n = 1), and osteochondroplasty for impingement (n = 1).

Seven opposite (contralateral) hips were affected by Perthes’ 
disease during the two- year follow- up period. The risk of 
contralateral disease during the two years after being diagnosed 
with unilateral disease was 2.1% (95% CI 0.6% to 3.6%). Given 
the low event rate, it was not possible to investigate the effect of 
baseline factors on this outcome.

discussion
There is widespread variation in the approaches to treatment 
of perthes’ disease of the hip in children in the uK. The key 
uncertainty appears to be the effectiveness of ‘containment 
surgery’ in treating the disease. while we were able to identify 
the importance of known prognostic factors, we were unable to 
demonstrate that stiffness was an important prognostic factor, 
and moreover were unable to demonstrate any benefit from 
surgery to contain the hip.

At presentation, the strategy for the decision to offer surgery 
appeared to be principally based on the clinical stiffness of the 
hip and the age of the child. The optimized prediction algo-
rithm demonstrated that surgeons typically used the age of eight 
years as a decision cut- off when planning treatment, which was 
different to the our hypothesized decision cut- off of six years. 
Treatment strategies often evolved over the course of the study, 
with one- quarter initially planned for surgery, yet over one- third 
ultimately undergoing surgery.

This is the first study to measure PROMs to demonstrate the 
severe impact of the disease on the child. There was a marked 
effect on the life of the child at diagnosis, with many aspects of 
health being significantly impacted even after two years. The 
domain of physical function was most influenced by the disease, 
with a marked improvement at final follow- up. However, even 
after two years, and despite the evident improvement in outcomes, 
the PedsQL scores are sufficiently impacted to be indicative of 
an ongoing ‘major chronic condition’, using established cut- 
offs of PedsQL.27 notwithstanding the potential for bias among 
responders, there are few diseases in childhood with such a 
profound effect on quality of life over such a prolonged period.

The epidemiology of disease within our cohort is similar 
to that known, such that the disease principally affects White 
boys from northern england.4,5 however, the incidence in our 
study is lower than that previously reported,2,5,28 and may be an 
underestimate of the true incidence, or may reflect a decline in 
frequency which has been previously observed.5

There are only two prior multicentre prospective studies of 
perthes’ disease.9,10 each concluded that surgery had a small 
positive influence on Perthes’ disease in specific subgroups of 
patients. however, each of these studies relied on post- hoc anal-
yses, and are therefore at risk of type i error through multiple 
hypothesis testing and identifying subgroups through novel 
positive findings. We did not reproduce their findings of a posi-
tive effect of surgery, though we were able to confirm other 
known prognostic factors had an influence on the radiological 
outcome; namely age, sex, and radiological evidence of femoral 
head collapse.29

The impact of perthes’ disease on the child has not previ-
ously been well explored. a qualitative study of children and 
their families explored the effects of the disease on the life of 
the child and wider family, identifying a range of areas of life 
impacted by this illness.30 A disease- specific core outcome 
set has now been formulated, which is a group of outcomes 
important to measure in all high- quality studies, which 
should usefully guide outcome choices in future research in  
perthes' disease.31
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while the Boss study used comprehensive methods to 
maximize patient verification, Perthes’ disease was often 
managed in an outpatient setting. when investigating slipped 
capital femoral epiphysis, the Boss study was able to use inpa-
tient administrative data to identify missed cases of the disease, 
which was not possible in perthes’ disease. The use of a trainee 
network to optimize case ascertainment, while helpful, is likely 
to miss patients with a childhood chronic disease, as surgical 
trainees are less involved in the care of these patients than other 
areas such as trauma. The case identification within our cohort 
may therefore under- represent the true incidence of perthes’ 
disease in the uK.

within the study, the radiological outcomes were determined 
at two years among those in the late reossification or healed 
stage of disease. prior studies have demonstrated that hip shape 
can be reliably determined at healing, rather than waiting until 
skeletal maturity.32 However, only 227 hips (70.9%) were suffi-
ciently mature to assign a radiological outcome at this stage. 
while this is unlikely to introduce bias, the missing data points 
do introduce uncertainties with the estimates of effect size.

proms at later timepoints were poorly collected within the 
study. low completion rates made interpretation of the outcomes 
by treatment group difficult, as the study was underpowered to 
identify differences. We also acknowledge the potential for non- 
responder bias in the completion of proms. nevertheless, the 
outcomes clearly identified the profound impact of the disease 
on the child. The low completion rate of proms probably 
reflected the immaturity of the national collaborative, with no 
previous successful prospective research in paediatric ortho-
paedic surgery prior to this Boss study.

This study strengthens the argument for a definitive RCT 
by demonstrating sufficient numbers in the UK, revealing the 
far- reaching effect of the disease on the child and highlighting 
the uncertainties in surgical care. The definitive trial should 
consider incorporating several elements evident from this feasi-
bility study. physical function should be considered a candidate 
for the primary outcome, as the disease had most impact on 
the domain of physical function. follow- up should be greater 
than two years, to enable sufficient time to ensure that the hip 
shape of participants can be reliably classified, and age, sex, 
and radiological severity should be carefully considered in the 
design and analysis, given the known association with outcome.

in conclusion, we have demonstrated that perthes’ disease 
has a marked effect on the quality of life of children over a 
prolonged period. we have also shown that currently there is 
a widespread variation in surgical care, with significant uncer-
tainties about the optimal treatment strategy. however, we 
did not find any evidence to support the view that there were 
improved outcomes among those undergoing surgical treat-
ment. Therefore there is a clear need to address the question of 
surgery through a rcT, which now appears feasible within the 
context of the uK research network that has developed through 
the delivery of this study.

take home message
  - There is marked variation in the treatment of Perthes' 

disease, which is poorly explained, though it appears to relate 
to clinical uncertainties in the optimum treatment approach.

  - We found no evidence to support improved outcomes among children 
undergoing containment surgery.
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  The full preplanned statistical analysis concerning inci-

dence and the initial care (part 1), and treatment and 
two- year outcomes (part 2).
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