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Abstract
Background

Physiolysis of the hip (POH), also called slipped capital femoral epiphysis, is one of the most common hip disorders
in children. The overall purpose of the work described in this thesis was to provide further information about the
demographics of children who develop POH, to describe the early outcomes after treatment for POH including
patient-reported outcome measures (PROMs), and to assess the reliability of the measurement methods used for
radiographic assessment of POH.

Methods

The total Swedish population of 379 children (162 girls and 217 boys), who had POH in their index hip between
2007 and 2013, was used as the study cohort for all papers included. Early outcomes, radiographic and patient-
reported, 36 months after primary surgery were analysed. A Swedish version of a hip function instrument (Barnhoft)
was developed. Inter- and intra-observer reliability of the methods used to assess the slip severity on 77 radiographs
was analysed by four observers with different levels of experience in radiographic measurement techniques.
Results

A cumulative incidence of POH of 40.6 per 100,000 girls and 52.2 per 100,000 boys 9-15 years old for the period
studied (Paper I).

The Swedish Barnhéft instrument for hip function showed good stability and construct validity (Paper II).

Both intra- and inter-observer measurements for the different methods of slip angle assessment used on routine
lateral hip radiographs showed good reliability (Paper Il1).

Avascular necrosis (AVN) developed in 25 of 449 hips (379 children): 14 cases occurred in the 61 unstable hips,
five in the 380 primary stable hips treated with percutaneous fixation, two in the eight stable hips treated with capital
realignment, two in the four hips treated with reconstructive capital realignment and two secondary to a peri-implant
femur fracture. After prophylactic fixation (n = 151) POH developed despite fixation in one hip and two children had
a peri-implant femur fracture (Paper IV).

Conclusions

The male-to-female ratio was 1.3:1. The majority of Swedish hospitals treat fewer than two children with POH
annually. The Barnhoft instrument can be used to identify children with a limited hip function or severe pain as
sequelae after POH. In situ fixation is a valid primary treatment option for stable POH. For unstable POH, a very
gentle reduction of the acute component followed by in situ fixation may be justified. The number of patients who
developed AVN after capital realignment is of concern. Prophylactic fixation effectively prevents the development of
a subsequent POH in the contralateral hip and is a safe method when performed correctly.
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Abstract

Background

Physiolysis of the hip (POH), also called slipped capital femoral epiphysis (SCFE),
is one of the most common hip disorders in children. The overall purpose of the
work described in this thesis was to provide further information about the
demographics of children who develop POH, to describe the early outcomes after
treatment for POH including patient-reported outcome measures (PROMs), and to
assess the reliability of the measurement methods used for radiographic assessment
of POH.

Methods

The total Swedish population of 379 children (162 girls and 217 boys), who had
POH in their index hip between 2007 and 2013, was used as the study cohort for all
papers included. Early outcomes, radiographic and patient-reported, 36 months after
primary surgery were analysed. A Swedish version of a hip function instrument
(Barnhoft) was developed. Inter- and intra-observer reliability of the methods used
to assess the slip severity on 77 radiographs was analysed by four observers with
different levels of experience in radiographic measurement techniques.

Results

A cumulative incidence of POH of 40.6 per 100,000 girls and 52.2 per 100,000 boys
9 — 15 years old for the period studied (Paper I).

The Swedish Barnhoft instrument for hip function showed good stability and
construct validity (Paper II).

Both intra- and inter-observer measurements for the different methods of slip angle
assessment used on routine lateral hip radiographs showed good reliability (Paper
11).

Avascular necrosis (AVN) developed in 25 of 449 hips (379 children): 14 cases
occurred in the 61 unstable hips, five in the 380 primary stable hips treated with
percutaneous fixation, two in the eight stable hips treated with capital realignment,
two in the four hips treated with reconstructive capital realignment and two
secondary to a peri-implant femur fracture. After prophylactic fixation (n = 151)
POH developed despite fixation in one hip and two children had a peri-implant
femur fracture (Paper IV).
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Conclusions

The male-to-female ratio of POH was 1.3:1. The majority of Swedish hospitals treat
fewer than two children with POH annually. The Barnh6ft instrument can be used
to identify children with a limited hip function or severe pain as sequelae after POH.
In situ fixation is a valid primary treatment option for stable POH. For unstable
POH, a very gentle reduction of the acute component followed by in situ fixation
may be justified. The number of patients who developed AVN after capital
realignment is of concern. Prophylactic fixation effectively prevents the
development of a subsequent POH in the contralateral hip and is a safe method when
performed correctly.
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Populérvetenskaplig sammanfattning

Hoftfyseolys — epidemiologi och hoftfunktion.

Bakgrund:

Orsaken till sjukdomen Hoftfyseolys ér inte kdnd. Drygt 50 barn drabbas av
hoftfyseolys 1 Sverige per ar. Vanligtvis dr de mellan 9 och 15 ar nér de insjuknar.
Hoftens ledhuvud glider pa sned (genom tillvixtzonen) i forhallande till
larbenshalsen. En kraftigare glidning medfor en stdrre begransning av rorligheten i
hoftleden och formégan att sitta bekvamt, cykla och t.ex. knyta skorna paverkas. I
mycket uttalade fall kan dven blodcirkulationen till ledhuvudet paverkas.

Vi vet att Gvervikt dr vanligare hos dessa barn och vissa hormonella rubbningar 6kar
risken for att utveckla hoftfyseolys. Bada hoftlederna riskerar att drabbas hos
ungefér hilften av barnen.

Alla barn med hoftfyseolys behdver opereras tidigt for att den gradvisa 6kningen av
ledhuvudets felstéllning ska stoppas. Det gors oftast genom att en spik eller skruv
fixerar ledhuvudets ldge mot larbenshalsen. Fordrdjd diagnos och behandling
forsdmrar prognosen.

Metod:

Samtliga barn- och ungdomar som opererats for hoftfyseolys 1 Sverige under aren
2007 -2013 kunde sparas och inkluderas i den studiepopulation som utgjorde
grunden for samtliga fyra delarbeten i avhandlingen. Med utgangspunkt i detta
material kunde vi beskriva sjukdomsutbredning, riskfaktorer samt eventuella tidiga
komplikationer inom tre ar efter forsta behandlingen.

Tillforlitligheten av de métmetoder vi anvinde undersoktes. Hur stor felstillning
som uppkommit kan man méta pa en rontgenbild. Fyra ldkare, med olika lang
erfarenhet av sddana métmetoder, fick oberoende av varandra mita pd samma
rontgenbilder. Sjédlvskattad upplevelse av livskvalitet, smérta samt hoftfunktion hos
barnen analyserades med hjilp av tva enkéter. Den engelska enkit vi anvdnde for
virdering av hoftfunktion och smérta fick forst 6versittas och sedan anpassas utifran
svenska forhallanden for att passa barnen i de aktuella aldrarna.

Resultat:

Vi fann att i genomsnitt insjuknade 1 Sverige varje ar 54 barn vilket motsvarar en
arlig risk att insjukna om 7 per 100 000 barn i aldrarna 9 -15 &r. Néastan hilften av
de som insjuknade var flickor.

13



I genomsnitt hade barnen symtom i minst tre ménader innan de sokte sjukvard. Ju
langre tid med symptom desto storre glidning hade hunnit utvecklas. Om knésmaérta
var det symptom som ledde till en forsta kontakt med sjukvéarden s var det betydligt
farre som fick rétt diagnos jamfort med om de sokte pd grund av hoft- eller
ljumsksmarta.

Behandlingen som gavs var i mer &n 90% en operation med fixation av ledhuvudet
mot larbenshalsen med en skruv eller spik. For knappt hilften av barnen gjordes en
forebyggande operation samtidigt av den 4n sd lidnge friska andra hoftleden.
Sjukdomen uppkom pa bada sidor hos en fjardedel av barnen.

Overvikt var mycket vanligt hos de pojkar som drabbades men férekom endast hos
ca hilften av flickorna.

Den enkét (Barnhoft) som togs fram for detta arbete fungerade vil for att identifiera
barn med svér smarta eller uttalad funktionsnedséttning i hoftleden.

De mitmetoder som anvéndes for att virdera svarighetsgraden av sjukdomen utifran
en rontgenbild hade hog tillforlitlighet och visade jaimforbara resultat oberoende av
erfarenhet hos den som genomforde métningen. De gav ocksa véldigt lika utfall nar
samma beddmare métte pa samma bild vid tva olika tillfallen.

En majoritet av svenska sjukhus behandlar farre &n tva barn med hoftfyseolys per
ar. En mer komplicerad behandlingsteknik, som anvénts vid ett par sjukhus fér barn
med mycket svara felstdllningar, uppvisade en relativt hog komplikationsrisk.

Sammanfattning

I Sverige drabbas varje ar i genomsnitt 54 barn av sjukdomen hoftfyseolys. Det ér
nistan lika vanligt bland flickor som hos pojkar men pojkarna ar i storre
utstrackning dverviktiga.

Hilta, hoft/ljumsksmarta, lar- eller kndsmaérta utan foregaende olycksfall hos barn
9-15 ar maste undersokas noga avseende eventuell reducerad boj- eller
indtrotationsrorlighet for att inte fordrdja korrekt diagnostik. Endast med en korrekt
tagen rontgen, inkluderande en sidobild av bada hoftlederna, kan sedan diagnosen
faststéllas. Muskelstrackning i ljumsken hos vixande individer &r mer ovanligt &dn
hoftfyseolys.

Barn med hoftfyseolys, med en liten eller mattlig felstéllning i hoftleden, har tva ar
efter operationen en ganska liten paverkan pé livskvalitet och hoftfunktion samt
oftast ingen eller endast lite smérta fran hoftleden vid anstrdngning.

Vi noterade for nagra barn att kirurgen haft vissa tekniska svérigheter i samband
med operationen. Dessa hade sannolikt i stor utstrickning kunnat undvikas och
ddarmed minskat andelen svara komplikationer efter hoftfyseolys.
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God kunskap om diagnostik och lampligt val av behandlingsmetod for det enskilda
barnet som drabbas av hoftfyseolys dr en forutsittning for att ge ett s& gott
slutresultat som mojligt.

De mitmetoder vi anvdnder for att vérdera sjukdomens svérighetsgrad é&r
tillforlitliga och kan, med tillgéng till bra instruktionsmaterial och korrekt tagna
rontgenbilder, pa ett mycket tillfredsstédllande sitt d&ven goras av beddmare med mer
begréinsad erfarenhet av sdidana metoder.
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Abbreviations and definitions

AVN

AP

CF
CHOHES
CT
EQ-5D-VAS

EQ-5D-Y

FAI
HRQoL
HSA
ICC
Index hip

ITO
MDS

MRI
NHS
NPR
PIN
POH
PROM
PSA

20

Avascular necrosis (of the femoral head)
Antero-posterior

Calcar femorale

Children’s Hospital Oakland Hip Evaluation Score
Computed tomography

Visual Analogue Scale that records the respondent’s self-rated health
(0-100) where 100 is the best health you can imagine and 0 is the
worst health you can imagine (www.euroqol.org).

The child-friendly version of EQ-5D, a health-related quality of life
instrument with five dimensions: mobility, self-care, usual activities,
discomfort and depression (www.euroqol.org).

Femoroacetabular impingement
Health-related quality of life
Head-shaft angle

Intra-class correlation coefficient

First hip to be diagnosed with POH. When bilateral POH was
diagnosed at first presentation the hip with the longest duration of
symptoms was identified as the index hip. If there was an equal
duration of symptoms for both hips, then the hip with the most severe
slip was considered the index hip.

Intertrochanteric osteotomy

Multi-dimensional Scaling, which is used for the analysis and
visualization of categorical data.

Magnetic resonance imaging
National Health Service (UK)
Swedish National Patient Register
Personal identity number
Physiolysis of the hip
Patient-reported outcome measures

Posterior slope angle



SBOF

SCFE
SPOQ
WHO

Svensk Barn Ortopedisk Forening (Swedish Paediatric Orthopaedic

Society)

Slipped capital femoral epiphysis

Swedish Paediatric Orthopaedic Quality register
World Health Organization

United Nations
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The thesis at a glance
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Questions

What is the
cumulative
incidence of
physiolysis of the
hip (POH) in
Sweden?

Is a high BMI a
risk factor for
POH?

Can we develop
a hip-specific
patient reported
instrument to
identify children
with a functional
limitation or
severe pain as
sequelae of
POH?

Are the methods
used in Papers |
and IV for the
radiographic
measurement of
the slip angle in
POH justified?

How many
children develop
avascular
necrosis (AVN)
after POH?

Methods

Prospective cohort
study of 379 children
with POH in their index
hip between 2007 and
2013.

A Swedish version,
Barnhoft, was
developed based on an
existing american
paediatric instrument.
Translation and cultural
validation was
performed.

Conventional
radiographs from 94
consecutively registered
children with POH were
assessed by two
paediatric radiologists,
one fourth-year resident
in orthopaedics and one
senior paediatric
orthopaedic surgeon.

Prospective cohort
study of 379 children
with 449 hips affected
by POH. Inclusion
period 2007-2013; 36
months follow-up.

Results

The cumulative
incidence for POH in
children 9-15 years
old in Sweden was
40.6 per 100,000 girls
and 52.2 per 100,000
boys for the period
studied; 76% of the
boys and 56% of the
girls had a high BMI.

The Swedish
Barnhéft instrument
for hip function
showed good stability
and construct validity.

The inter- and
intraobserver
reliability analysis
showed high intra
class correlation
coefficients for all the
measurement
methods used in
Papers | and IV.

AVN developed in 25
of the 449 hips.

Six of 15 hips treated
with capital
realignment
developed AVN.

Conclusions

The cumulative
incidence was similar
to previous regional
reports from Sweden.
A high BMI is more
common among
children who have a
POH than in the
general population.

Barnhoft can be used
to identify children
with a considerable
functional limitation or
with severe pain as
sequelae of POH.

All methods analysed
are justified for the
assessment of the
slip angle on routine
preoperative lateral
hip radiographs.

The number of
patients who
developed AVN after
capital realignment is
of concern.



The purposes of this thesis

The overall purposes of this thesis were to provide further information about the
demographics of children who develop physiolysis of the hip (POH), risk factors
for the development of POH, the subsequent risk of a contralateral POH, the early
outcomes after treatment for POH including PROMs, and to propose an algorithm
for the management of these children in a Swedish context.

Paper I: To describe the epidemiology of POH in Sweden using a
prospective cohort study including all Swedish children treated
for POH between 2007 and 2013.

Paper II: To translate into Swedish, culturally adapt, and validate a hip-
specific questionnaire that could be used in children aged 8 years
old or older.

Paper III: To assess the reliability of the measurement methods used for
radiographic assessment of POH.

Paper 1V: To describe the early functional outcomes, and complications
after treatment for POH or a prophylactic fixation of the
contralateral hip.
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Introduction

Physiolysis of the hip (POH) is, together with Perthe’s disease and developmental
dysplasia, the three most common hip disorders in children. In 1957, Howorth
suggested that the first medical description of POH was that by Ambroise Paré in
the sixteenth century [1].

A number of different names have been used for this condition, with the earlier ones
being based upon beliefs of a possible aetiology (e.g., tuberculosis or rickets). More
recently, the terms slipped capital femoral epiphysis (SCFE) or slipped upper
femoral epiphysis (SUFE) are mostly used in publications. However, both these
commonly used terms are misnomers.

The deformity that develops with the disease is that the proximal femoral
metaphysis and the femoral shaft rotate externally, going into varus and in extension
[2-5]. The epiphysis of the proximal femur remains in the acetabulum, has not
“slipped” outside its normal position, and the ligamentum teres remains intact [6].
Therefore, to use the term physiolysis of the hip [7-9] makes sense. The term used
in scientific reports, originating outside Scandinavia, that comes closest to this is
probably “idiopathic capital femoral physiolysis” as proposed by Kumar in 2002
[10]. However, although they are misnomers, the terms SCFE or SUFE are most
widely accepted in the literature and SCFE has therefore been used in the four papers
that constitute the foundation for this thesis.

Untreated POH has been reported to have a poor outcome [11, 12]. Surgical
treatment is therefore recommended with the goal of minimizing impaired hip
function and pain. From a long-term perspective, the main goal is to reduce the risk
of degenerative joint disease (osteoarthritis). In situ fixation to stop further slippage
has been the preferred method of treatment, although an immediate corrective
osteotomy to restore the hip anatomy has recently been proposed as an alternative
treatment regime. However, in situ fixation is still considered the gold standard for
primary treatment of POH by most paediatric orthopaedic surgeons [13, 14].
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Review of the literature

Aetiology

The acetiology of POH appears to be multifactorial. Identified biomechanical factors
are obesity, increased femoral and/or acetabular retroversion, and increased physial
obliquity, which all result in increased shear forces in the capital physis [15-21].
However, an increased acetabular coverage has not been shown to be associated
with POH [20, 22, 23]. POH is also known to be associated with endocrine
disorders, for example, hypothyroidism, hypogonadism, and hypopituitarism [24-
26]. Children with renal failure osteodystrophy [27] or children who have
undergone radiation therapy to the pelvis [28, 29] are also known to have a higher
risk of developing POH.

Slip severity

The severity of the slip in POH is known to increase with a longer duration of
symptoms, that is, a longer period with the disorder before a diagnosis is established
and appropriate treatment is offered to the child [12, 30-34]. The recommended
method of treatment [35, 36] and the outcome [33, 37, 38] depend on the severity
of the slip. A more severe slip has a higher likelihood of leading to the development
of osteoarthritis [39, 40]

The literature reports a number of different methods for measuring slip severity. The
most commonly used are the lateral Southwick head-shaft angle (HSA) [41] (Figure
1) and the similar posterior slope angle (PSA) [42]. For the PSA, the intersection of
the plane of the physis and a line perpendicular to the longitudinal neck-diaphysial
axis is used rather than the femoral-shaft axis used in Southwick lateral HSA. Most
authors have used the categories for slip severity described by Southwick [41, 43],
namely, a mild slip (< 30 degrees), a moderate slip (30- 50 degrees), and a severe
slip (> 50 degrees).

In Sweden, two other measurement methods have gained popularity: the calcar
femorale (CF) technique on a Lauenstein view [44] (Figure 2) and the lateral Billing
view [45] (Figure 3). One advantage with the CF method is that it can also be used
after physial closure has occurred [44, 46, 47].
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Swedish Pediatric Orthopaedic Quality register

Slip angle using the lateral head-shaft angle. Measured in
Lauenstein view.

1. Drawaline @ parallell with the proximal femoral shatt,
further up intd the fernoral neck

2. Define a ine (2) through the physeal anterior and posterior
margins

3. Drawaline @perpendicular toline @

4. Lateral head-shaft angle (3)

Figure 1. Southwick lateral head shaft angle (lateral HSA) method for assessment of slip angle.

Swedish Pediatic Orthopaedic Quality register

Slip angle using the calcar femorale (cf)

Measured in Lauenstein view

1. Identify the calcar femorale and the lesser |rotnanler®

2. From the level of the lesser trochanter draw a nne@mree cm
in a proximal direction paraliel to the calcar femorale

3 Extend a ||ne@paralleli to ||ne@up through the femoral
neck

4.  Definea Iine@thmugh the physeal anterior and posterior
margins

5. Drawaline @perpendiculano Iine@

6. Slip angle@

Figure 2. Calcar femorale method for assessment of slip angle.

SPOQ

Swedish Pediatric Orthopaedic Quality register

Billing - lateral view

«+ Position the patient according to the figure above.
« Measure the slip angle following the steps below.

Draw a !ine@along the anterior cortex of the
proximal femur. Extend the line up through the
femoral head and neck

Draw a line@along the anterior border of the
femoral neck
Draw the bisector(3)to ines((T)and ()

Define a line@lhrough the physeal anterior
and posterior Margins

Draw a line@perpendncularlo Iine@
The slip angleis the angle between Iines@
and

Figure 3. Billing method for assessment of slip angle.
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Epidemiology

Although epidemiological data for SCFE have been reported from a number of
countries, only a few studies were based on a total national population [48-53]. The
latter are based on data from national registers, for example, the Kids’ Inpatient
Database in the USA [48], the national hospital registration system of the
Netherlands [49] and Clinical Practice Research Datalink and Hospital Episode
Statistics from the UK National Health Service (NHS) [53]. However, the latter
report by Perry et al. was based on a database that in 2017 covered only 8% of the
UK population.

Incidence

The incidence of POH is difficult to compare between studies because published
reports have used different methods to present the incidence rate, including (1)
attack rate calculated as the sum of annual incidence rate for every age group (7- 17
years) over the risk age range [9], (2) incidence rates for children aged 9-16 years
(inclusive) using combined data for two years [48], (3) overall incidence for children
aged 7-18 years over a 12-year period in relation to the total number of children of
those age groups during one year in the middle of the study period [54], (4) the total
number of surgical procedures for POH over a 13-year period for children aged 5-
19 years related to the average number of boys and girls in that age cohort during
the study period [49], (5) annual age-specific incidence rates calculated as the
number of new cases of POH per 100,000 paediatric population (9-16 years,
inclusive) [37], (6) incidence of the number of patients born in the same year related
to the number of births during that year [55] and (7) the overall crude incidence rate
[53] where the total number of children aged 6-16 years with POH is divided by the
total number of persons in the population during the study period.

It is also difficult to compare reports of incidence of POH because incidence is
related to ethnicity [56]. There is on-going debate about whether ethnicity should
be reported unless prior studies have found race or ethnicity to be relevant to the
topic under study [57]. In Sweden today, the Regional Ethical Board in Lund would
not approve the recording of ethnicity in scientific work unless this is stated to be
of critical importance for the fulfilment of the aims of the study (personal
communication, 2017).

However, the incidence rate found during analysis of a large database (Kids’
Inpatient Database) reflecting 6.7 million paediatric discharges in 1997 and 7.3
million discharges in 2000 was coupled with the US Census Bureau data to elicit
the epidemiology of POH in children aged 9-16 years. The overall incidence for
POH in the USA for these years was 10.8 per 100,000 children [48]. In a Dutch
study, using the national hospitalization registration system between 1998 and 2010,
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the total number of surgical procedures for POH in children 5-19 years old translated
into an incidence of 8.8 surgical procedures per 100,000 children over that period
[49].

Sex and age

The male-to-female ratio of POH has been reported to vary between 4.1:1 and 1.1:1
[48, 49, 51, 53, 55, 56, 58, 59]. In Sweden, the sex difference gradually diminished
during the twentieth century [7]. A study by Perry et al. published in 2017, based on
data from the UK NHS databases [53], reported a male-to-female ratio of 1.7:1.
However, a Dutch study from 2013 [49] found no statistically significant difference
between sexes. The majority of children with POH in these two latter series were 9-
15 years old when the diagnosis was made.

Height and weight

The typical child with POH has been an overweight or obese boy [48, 60]. An
interesting subgroup of underweight children with a relatively high risk of unstable
POH has recently been described [14, 61].

Seasonal variation

Although a seasonal variation for the onset of symptoms in POH has been described,
uncertainty remains concerning its role in the aetiology [48, 55, 56, 62-65].

Left-sided predominance

A left-sided predominance in unilateral SCFE has been reported [9, 66, 67]. This
might be due to the fact that the left lower limb is the chief pivotal point for right-
handed persons [66].

Stability of the physis

A clinical classification based upon the capacity to ambulate was introduced by
Loder et al. [68]. Children with an unstable hip have such severe pain that they
cannot ambulate even with crutches, regardless of the duration of the symptoms.
This classification has now replaced the previously used classification (acute, acute-
on-chronic, chronic) that was based on a combination of the radiographic
appearance together with the duration of symptoms [43, 69]. However, some reports
have questioned the use of a clinical classification of physial stability based only
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upon the ability to ambulate. Within the group of unstable slips identified using this
classification, the degree of stability of the physis has been shown to vary [6, 70-
74]. Routine implementation of other investigations, for example, magnetic
resonance imaging (MRI) or ultrasonography, might need to be considered to be
able to identify those children with a truly unstable slip.

Delay in diagnosis

Most children seek medical care because of limping or hip/groin pain, which
hopefully leads the health personnel towards the correct diagnosis. However, there
are children who describe ipsilateral knee pain as their initial symptom of POH [53,
75], and these children are particularly at risk for a delayed diagnosis.

A considerable delay in diagnosis has been described in several studies [2, 33, 43,
53, 75-80]. The causes for such a delay are (1) the patient does not seek immediate
medical attention after the onset of symptoms or (2) the health care personnel
(doctors, physiotherapists or others) do not reach the correct diagnosis and/or do not
order necessary radiological investigations, thus causing a further delay in
diagnosis. It is also crucial to recognize that groin pulls are rare in adolescents [81],
and that the much more common POH should be ruled out first using the appropriate
radiological investigations.

When a radiographic examination is ordered, a lateral radiograph of the hip is a
minimum requirement, because a mild POH cannot be identified on a plain antero-
posterior (AP) pelvic view [9, 14, 44, 82-84]. Bomer et al. [85] even suggested the
use of a frog-leg lateral view as the only radiological investigation in a child with a
painful hip.

Diagnostic imaging

The typical radiological characteristics of POH have been described [67, 86, 87].
Already in the very early stage of POH, the surfaces of the epiphysis and metaphysis
become irregular and no longer fit together.

In plain radiographs, “this is seen as an irregularity and a widening of the epiphysial
line” [67]. An ordinary pelvic AP view together with a lateral view will reveal the
diagnosis for most children (Figure 4). With time, a variable degree of metaphysial
local resorption and apposition of bone along the superior and anterior femoral neck
can be seen on plain radiographs [69, 88].

In a stable slip, a Lauenstein/frog-leg lateral view [89] or a Billing lateral view is
preferable [45]; in an unstable slip, often only a cross-table lateral view can be
obtained because of the severe pain and discomfort experienced by the child [90].
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The importance of obtaining standardized views has been highlighted in the
Swedish Paediatric Orthopaedic Quality register (SPOQ, www.spog.se).
Instructions for the radiology departments in Swedish hospitals are presented on
their website. For a correct Lauenstein/frog-leg lateral view, the following criteria
should be fulfilled.

e Supine position (i.e. the posterior aspect towards the picture-plate X-ray)
e Digital film cassette beneath the patient

e The symphysis pubis should be aligned with the contour of the sacrum

e Knees are bent at a right angle

e Abduction of the hips with the soles of the feet kept together

e The central beam through the upper part of the symphysis pubis

e A minimum of 5 cm of the femur visualized below the lesser trochanter
e Protection for the gonads should be used in boys

e Girls aged over 15 years should routinely be asked about pregnancy

Figure 4. Lauenstein view of a mild POH in the right hip.

Pre-slip stage of POH. This classification has been used by some authors to define
a child with occult hip pain without radiographic evidence of POH (i.e., the slip
angle measurement has not reached the threshold level) who, if left untreated, would
progress to POH. A plain radiograph would show a physial widening but no
evidence of slipping of the epiphysis [9, 45, 91, 92]. Lalaji et al. [92] described two
children with occult hip pain in whom repeat radiographs did not detect a slipping
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of the epiphysis, although MRI demonstrated morphological distortion of the physis
and bone-marrow oedema in the adjacent metaphysis and epiphysis. Both were true
cases of POH that could be described as being at the pre-slip stage. In the past, a
bone scan was sometimes used to demonstrate radionuclide uptake [93, 94], thereby
identifying a pre-slip condition, but the evidence for the existence of a pre-slip has
also been refuted by some authors [95]. In clinical practice, MRI [92] or
ultrasonography [96, 97] of the hip might be useful when a child presents with
hip/groin pain with difficulty in ambulation, and repeat plain radiographs do not
show any evidence of a distorted morphology.

Radiostereometric analysis measures skeletal movements with high resolution. It is
based on the use of implantation of tantalum markers during surgery and
simultaneous radiographic exposure of the hip with the use of two X-ray tubes and
a calibration system [98]. Radiostereometric analysis can be used during follow-up
to understand and measure the degree of remodelling after “growth-sparing”
fixation of POH [99].

Ultrasonography has been reported to visualize both a widening of the physis
together with a joint effusion and a metaphysial alteration [96, 97] (Figure 5).
Ultrasonography can also be used to assess severity and physial stability [73, 96,
100], and a slip with no sonographic effusion is very unlikely to be unstable [73].

A step is visualized by ultrasonography An effusion of the hip joint is also seen
between the collum and epiphysis. which is associated with an unstable POH

Figure 5. Ultrasonography that visualizes a mild deformity with a hip joint effusion.
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Multiplanar computed tomography (CT ) is probably the most reproducible method
to assess the slip angle in POH [17, 20, 101-105] (Figure 6). It is already recognized
as very useful when planning for corrective surgery or for understanding the true
plane of deformity in more severe POH, but it has not been implemented for routine
preoperative use for all children diagnosed with a POH in Sweden.

Transverse view

Coronar view

Figure 6. Computed tomography of a left hip with a severe POH.

Magnetic resonance imaging (MRI) has been shown to be able to visualize an
unstable POH but can also be of great value to assess the vascular viability of the
femoral head in POH, especially before surgical implants are introduced [74]. MRI
can also visualize very early signs of POH (Figure 7) with oedema-like changes
around the growth plate before the growth plate fails [91, 92, 106].
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MRI coronar view shows an effusion of the hip joint and a
mild displacement of the metaphysis versus the epiphyis.

Figure 7. MRI of a mild POH.

Bone scan has long been the method of choice for the evaluation of the vascular
viability of the femoral head in POH, before and after surgery. It can be used as a
reasonably sensitive predictor of the development of AVN, and also for evaluation
of interventional treatment for AVN associated with POH [107].

Positron emission tomography has also been shown to have good sensitivity for
detection of AVN [23, 108]. However, it remains an expensive and time-consuming
investigation.

Single photon emission computed tomography (SPECT) is another modern imaging
technique that was recently reported by Dos Santos et al. [109] to be able to assess
the viability of the femoral head with a possibly higher diagnostic accuracy than a
bone scan.
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Delayed gadolinium-enhanced magnetic resonance imaging of cartilage
(dGEMRIC) has recently been reported to be a useful tool for the early detection of
cartilage degeneration after POH [40].

Valgus SCFE

This a very rare entity where the proximal femoral epiphysis slips laterally and
posteriorly (Figure 8), usually in children who are younger than average for POH
[32, 110-116]. Correct recognition of this condition is of great importance because
the treatment can be much more challenging than that for classic POH. A more
medial and caudal approach, closer to the neurovascular bundle, is needed than for
the more classic POH.

Figure 8. Valgus POH in the right hip.
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Bilateral POH

The incidence of bilateral POH was reported to vary considerably before the
implementation of prophylactic fixation [9]. This variability was found to depend
mainly on whether the reports were based on the diagnosis of a bilateral POH during
adolescence or on long-term follow-up studies where previously asymptomatic or
mild POH did not cause the child to seek medical attention or the condition was not
properly investigated. The highest incidences of bilateral POH reported with long-
term follow-up including a cohort of at least 100 patients were 61% from southern
Sweden [117], 59% from western Sweden [118] and 65% from Germany [119].

There are several reports on the proportion of children who are diagnosed with
bilateral POH at their initial presentation. In a series from southern Sweden,
including patients treated for POH between 1910 and 1960, the rate of bilateral POH
diagnosed on primary admission was 9% (23/260) [117]. In a series from western
Sweden with 100 patients treated for POH between 1946 and 1959, the incidence of
bilateral POH on primary admission was 23% (23/100) [118]. In a report from a
population-based analysis of 51 patients treated for POH between 1965 and 2005 in
Olmsted County, USA, 6% (3/51) were found to have bilateral POH on primary
admission [37]. In a large international multicentre study [56] including 1630
children, 14% (221/1630) were diagnosed with bilateral POH on primary admission.
In a study from South Australia [19], 9% (23/244) had a simultaneous bilateral POH
at their initial presentation.

Histopathology

Several studies have reported the histopathology of POH. The primary function of
the physis is skeletal growth. The chondrocytes of the physis are located in three
separate layers based on the maturation stage and function (Figure 9).

e The germinal layer (resting zone), adjacent to the epiphysis. These
chondrocytes have a low rate of proliferation. Injury to this zone can easily
create growth arrest.

e The proliferative zone. The chondrocytes are organized in well-defined
columns. These cells are responsible for the longitudinal growth of the
bone.

e The hypertrophic zone, adjacent to the metaphysis. This is where the final
cell death and subsequent ingrowth of osteoblasts occur. No growth occurs
in this layer. This is the weakest part of the physis and the slippage in POH
or physial fractures occur in this zone.
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Figure 9. The cellular layers of the physis. Photo: Anders Bergstrom.

In 1977, Mickelson et al. [120] performed an electron microscopic study of the
growth plate using core biopsies from three patients with POH. Core biopsies were
obtained at surgery where a physiodesis procedure was performed. The authors
postulated that a change in composition of the cartilage matrix in the hypertrophic
zone of the distal region of the growth plate may predispose to slippage. Ippolito et
al. [121] also used core biopsies from patients with POH and proposed that a
possible mechanism of the slippage was a change in the chondrocyte metabolism
with consequently altered synthesis of extracellular collagen and scanty
mineralization of the abnormal cartilage matrix. In 2003, Guzzanti et al. [122]
compared chondro-epiphysial biopsies from nine children with a stable POH and
nine with an unstable POH before and after internal fixation. They demonstrated an
improvement in the histopathological appearance of specimens from unstable POH
after internal fixation. Using basically the same technique with core biopsies,
Tresoldi et al. [123] processed the specimens for either histological, histochemical
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or ultrastructural studies. They found several changes, for example, loss of solidity
of the cellular matrix and the disarrangement of the normal architecture of the
physis, that very likely cause the consequent slipping of the proximal femoral
physis. Chondrocytes of the proliferating and hypertrophic zones were arranged in
large clusters rather than in columns. They also noted that the collagen fibrils of the
longitudinal septae were thinner than those in normal-plate collagen fibrils and that
the extracellular matrix of the resting zone had a different histochemical reaction
compared with that of normal growth plates. In 2016, Johnson et al. [124] analysed
core biopsies from two patients with POH and two age matched control specimens
from children without POH. They used microarray technology to compare the gene
expression patterns within the proximal femoral physis in children with POH and
healthy children. They found a different regulation of inflammatory and immune
responses in specimens from children with POH and concluded that this was related
to mechanical displacement of the physis.

Single or multiple devices for fixation?

Can a single device prevent further slippage? The major disadvantage of using
multiple pins or screws for internal fixation is an unrecognized penetration into the
joint [9, 125-128]. An inadvertent positioning of a screw in the supero-posterior part
of the femoral head is also thought to increase the risk of AVN or the development
of a segmental collapse [129-131].

Using a model of unstable POH, Kishan et al. [128] demonstrated favourable in
vitro stability using two screws rather than one over the physis. However, Karol et
al. [132] also used an in vitro study to test stability after internal fixation for POH
and proposed single-screw fixation because the addition of a second screw gave
very little extra stability. Jerre et al. in [31] reported a follow-up of 212 hips with
POH that were treated with a single device and concluded that this gave stability
and prevented further slippage. Many other reports have also argued that a single
device for internal fixation gives enough stability in POH [30, 125-127, 133-138].

In addition, Stambough et al. [130] and Morrissey [139] stressed that the risk of
penetration of the joint was related to the number of inserted devices.

An explanation for why a single device inserted in the central part of the femoral
epiphysis is sufficient to confer stability in POH was suggested by Jerre [9]. In the
sagittal plane, the physis forms an arc [131, 140, 141] and the metaphysial surface
of the growth plate may be represented as one-quarter of a cylinder. Therefore, the
fixation need only stabilize in one direction, and a single device inserted in the
central part of the epiphysis and the physis will be adequate.
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Position of implant

The implant used for internal fixation, should ideally be positioned as centrally as
possible to ensure optimal stability and to avoid focal epiphysial necrosis [142].
Senthi et al. [143] compared intra-operative radiographs with post-operative CT and
concluded that a screw-tip location within 6 mm of the subchondral bone in an AP
view and within 4 mm on the lateral radiograph could result in penetration of the
subchondral bone. Pring et al. [144] defined the achievement of a correct implant
position when the implant was placed within the central 50% of the physial width,
with the tip of the implant > 5 mm across the physis, at least 5 mm from the
subchondral bone, and at an angle of 70- 90 degrees to the capital physis (Figure
10).

Figure 10. Correct implant position (Accuracy “A”) according to Pring et al. [144].

Is a physiodesis or continued growth of the femoral neck the goal when
treating children with POH?

The routine treatment goal for POH in many centres has been to achieve a
physiodesis to prevent further slippage [81, 145-147]. This has the advantage of
safely preventing a further slip, but the disadvantage of resulting in the development
of a short femoral neck that decreases the femoral offset. This may cause subsequent
problems, especially for a child who has several years of growth of the femoral neck
remaining, as it can lead to a subsequently shorter lever arm for the abductor
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muscles, thereby affecting the functional outcomes in adult life [148-150]. A shorter
femoral neck in a hip with POH might also be a risk factor for femoro-acetabular
impingement (FAI) in flexion and internal rotation [151-153], with the possible
secondary development of osteoarthritis [154-156].

Continued growth after fixation for POH was first described by Key in 1926 [157].
Several fixation principles that allow for further growth of the femoral neck can be
used [133, 158-162]. Hagglund et al. [163] measured the longitudinal growth of the
femoral neck and reported up to 15 mm of growth after pinning with a smooth hook
pin. A leg-length discrepancy can be avoided, and continued growth of the femoral
neck may also have a positive effect on the long-term outcome [43, 88, 135, 163-
167]. A recent study reported the use of a dynamic epiphysial telescopic screw in
20 children with POH without any early complications [160].

Treatment of a stable mild or moderate POH.

For mild or moderate stable POH, many authors favour in situ fixation [11, 13, 30,
43, 168-170].

Several studies have supported the idea that metaphysial remodelling can be
expected with time [43, 88, 166, 171, 172]. Already in 1959, Billing and Severin
[173] concluded that remodelling occurred, reporting metaphysial bone resorption,
and that the protruding metaphysis may be completely smoothed off even for a slip
of up to 50 degrees. Schai et al. [174] used the term remodelling to describe the
“rounding off” of the femoral head, including resorption of the craniolateral aspect
of the metaphysis [165, 172, 175].

However, in 1991 Wong-Chung and Strong [165] described in a series of 55 hips
with POH that there was not only a “rounding off” in the femoral neck metaphysis
with time, but also that the physial-shaft angle changed. This was also noted for all
11 hips with severe POH in their series that were treated with internal fixation. Jones
et al. [172] argued that remodelling from epiphysial growth cannot be expected in a
hip with a more severe slip because the growth plate is often damaged [176]. They
also argued that there was an inverse relationship between the severity of the slip at
presentation and the degree of remodelling that could be expected.

In 1988, Hansson et al. [177] analysed the range of motion of the hip in 43 patients
with SCFE treated with in situ fixation. They concluded that the long-term loss of
hip motion after fixation in situ was small: all 59 hips re-examined were classified
as having a mild or moderate preoperative slip. For the evaluation of impaired hip
rotation, the prone position has superior sensitivity over the supine or sitting
positions and is therefore recommended [178, 179]. Within the Swedish Paediatric
Orthopaedic Quality (SPOQ) register, we have standardized how the measurements
for flexion and rotation of the hip should be performed (Figure 11).
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140°

90°

Flexion is measured in the supine position.
A goniometer is always used. Values are
External rotation is measured in the prone given in tens.
position. A goniometer is always used.
Values are given in tens.

90°

Internal rotation is measured in the prone position. A goniometer is always used.

If the internal rotation capacity is lost completely, as could happen in POH., the value will
be 0°. Even a negative value can be found e.g. when there is only an external rotation
possible from 10°or more. Values are given in tens.

Figure 11. Measurement of hip motion.

Siegel et al. [176] analysed the gait of 39 children two years after treatment for POH.
Although they concluded that early return of motion occurred, they could not
demonstrate any corresponding change in the epiphysial-shaft angle on plain lateral
radiographs.

Using the alpha angle as described by Notzli et al. [180] as a parameter for the
radiological evaluation of FAI, Ortegren et al. [166] reported a greater improvement
of the alpha angle in patients with a greater degree of remaining growth. The most
probable explanation for this finding is that during the continued longitudinal
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growth of the femoral neck, the anterior “bump” in the head-neck junction will
gradually move distally. Ortegren et al. [166] described this as the femoral head
“growing away” from the FAI They also found that a reduction of the lateral HSA
occurred after internal fixation and proposed that the longitudinal growth over the
proximal physis may also be asymmetrical, thus causing a re-orientation of the
epiphysis in relation to the axis of the proximal femoral shaft (Figure 12). The
Hueter-Volkmann Law states that growth is highly influenced by mechanical
stresses [181], but it also requires a proximal femoral physis that is not permanently
damaged because of the severity of the disorder affecting the physis. Most
remodelling will occur within two years after diagnosis and treatment of POH [165].

Remodelling after slipped capital femoral epiphysis with bone resorption anteromedially (a).
bone deposition posteromedially (b). and asymmetric longitudinal growth measured as a
reduced head-shaft angle (c).

Figure 12. Remodelling including ”"rounding off” and a true reorientation of the physis.
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Treatment of severe and/or unstable POH.

The treatment of choice for an unstable POH [134, 182, 183], a severe POH or a
combination of the two remains controversial. According to many proponents, a
stable severe slip could be treated in the same way as mild and moderate stable POH
(i.e., in situ fixation). This has long been the routine method in most paediatric
orthopaedic units in Scandinavia [9, 135, 170, 184, 185].

However, a modified capital realignment procedure has recently been introduced
for the treatment of POH, either as primary treatment or as reconstructive surgery
[186]. Reports since 2000 from highly specialized centres have described
encouraging short-term outcomes [71, 187-192] (Figure 13).

Figure 13. A successful capital realignment procedure in the left hip without AVN.

However, in 2017 Davis et al. [193] highlighted an increased risk for AVN in stable
POH treated with a capital realignment procedure, and Sikora-Klak et al. [194]
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advised against the capital realignment procedure in stable POH. Several recent
reports have described a higher rate of complications than the more encouraging
results reported in earlier studies [35, 194-198]. Despite the very promising early
Swiss reports [71, 187] concerning the AVN rate and outcomes after a capital
realignment procedure, the experience from North American tertiary centres for
paediatric orthopaedics has not been able to reproduce the same low AVN rates, for
either a stable POH or unstable POH.

Hip instability after capital realignment. The devastating complication of hip
instability after a capital realignment procedure has been reported [199-201]. This
rare but severe complication must also be considered among the other reported
complications when a decision is made about a capital realignment procedure for
POH.

Treatment for an unstable POH remains controversial according to the results of a
questionnaire distributed to members of the Pediatric Orthopedic Society of North
America (response rate, 33%) published in 2005 [202]. A similar survey was
conducted among members of the European Paediatric Orthopaedic Society in 2009
(response rate, 25%) with similar results [203].

Vascular supply to the femoral head in children was studied by Chung in 1976 [204].
The epiphysial plate constitutes a barrier to blood flow between the epiphysis and
the metaphysis. The posterior-superior retinacular vessels provide the major blood
supply to the epiphysis [3, 205]. If these vessels are disrupted by abrupt
displacement of the epiphysis (e.g., an unstable POH), this may result in the

subsequent development of AVN, regardless of the treatment offered to that child.
If these retinacular vessels are kinked or twisted, but otherwise intact within a sleeve
of posterior retinaculum, this might cause a compromised blood flow to the
epiphysis that could be restored with a timely and gentle restoration of the anatomy.
The return of a normal blood flow after the open reduction of an unstable POH has
been demonstrated by perioperative angiography [205, 206]. Novais et al. [207]
described that perioperative monitoring of the blood flow during a capital
realignment procedure — either by the use of a catheter anchored in the epiphysis for
intracranial pressure measurement or through monitoring of active bleeding from
drilled holes in the epiphysis - was an effective method to identify children who
would subsequently develop AVN.

Elevated intraarticular pressure has also been studied in unstable POH. Herrera-
Soto et al. [208] measured the intracapsular pressure in 13 unstable hips. The mean
intracapsular joint pressure of the unstable hips measured 48 mmHg, which
increased to 75 mmHg after manipulative reduction, and dropped to 17 mmHg after
capsulotomy and decompression. However, a systematic review and meta-analysis
by Ibrahim et al. [209] found no support for hip decompression in unstable hips.
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Timing of surgery in unstable POH has been proposed as crucial for the development
of AVN [3, 210-212]. It has also been stressed that surgery for an unstable POH
would ideally be performed within 24 hours after the onset of symptoms. In 1997,
Peterson et al. [3] presented a large series of 91 cases of acute POH, defined as a
sudden onset of usually severe symptoms with a duration of symptoms of less than
three weeks [68], where closed reduction under general anaesthesia was performed.
All cases were reduced to less than one-third of the diameter of the epiphysis. They
grouped all 91 cases with respect to time interval between presentation to the
emergency department and reduction in the operating room. For the 49 hips reduced
more than 24 hours after presentation, the AVN rate was 20% (10/49 hips). For the
42 hips reduced within 24 hours, the AVN rate was 7% (3/42 hips). The presence
of an intact posterior retinaculum sleeve with the superior-posterior vessels during
open surgery and internal fixation was found by Peterson et al. [3] to be a favourable
prognostic factor.

Preoperative traction with delayed definitive surgery has been used by some centres
to treat unstable POH. Various AVN rates have been described in mostly small
retrospective series of hips with unstable POH. Three of 11 hips developed AVN in
a series by Thomsen et al. [213] and three of 14 hips in a series by Dietz et al. [214].
Matsushita et al. [146] used traction with flexion of the hip until the effusion settled.
This was based on a report by Vegter et al. [215] in hips with Perthe’s disease where
the intra-articular pressure was lowered in flexion of the hip joint because of
synovitis with effusion. Matsushita et al. [ 146] reported that one hip of 11 developed
AVN. Preoperative traction was also included in the treatment algorithm for
unstable POH presented by Uglow and Clarke in 2004 if the delay from onset of
symptoms to surgery was more than 24 hours [168]. Preoperative traction might be
an option for severe unstable POH that presents more than 24 hours after the onset
of symptoms. While waiting for the effusion and the pain to subside, a preoperative
investigation to assess the femoral head viability could be valuable to assist the
decision about treatment.

In situ fixation of an unstable POH. The opponents of reduction contend that in situ
fixation usually provides acceptable functional results with a lower risk for the
development of AVN [7, 9, 30, 216-218], and that the risks of secondary
architectural disorders such as a FAI with a risk of early osteoarthritis do not
outweigh the risks of the development of AVN. Sailhan et al. [217] presented a
series of 23 cases with mild or moderate unstable POH treated with in situ fixation,
without any attempt at reduction, within 12 hours after presentation to the
emergency department, none of which developed AVN. However, in situ fixation
might not always be possible in very severe POH unless a very gentle reduction
manoeuvre is implemented or an open reduction is performed (Figure 14).
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Figure 14. Unstable severe POH left hip. Right hip is normal.
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Can we lower the rate of AVN in unstable POH?

If vascular kinking and an elevated intracapsular pressure are the major causes of
AVN, then an urgent but very gentle reduction of the unstable part of the POH
together with joint decompression may be the ultimate procedure.

Chen et al. [219] presented a series of 28 children with unstable POH where an
urgent reduction, internal fixation and decompressive arthrotomy were performed
within 24 hours, with the result that four of 28 hips developed AVN.

Parsch et al. [220] reported 64 cases of clinically unstable POH where an urgent
arthrotomy was performed within 24 hours of onset of symptoms. They performed
an open gentle manipulation of the epiphysis followed by internal fixation with
smooth K-wires; three of the 64 cases subsequently developed AVN. However, it
must be noted that Parsch et al. used slightly different criteria to define unstable
POH compared with the original classification by Loder et al. [68] namely, an
unstable POH must present with a sudden onset of pain together with a sanguine or
clear effusion in the joint at surgery.

Post-operative care

The reported postoperative interval until weight-bearing is allowed varies from a
few days to three months. There is no proof that prolonged prevention of weight-
bearing in stable POH confers an advantage [139, 185]. In unstable POH, many
authors advocate prevention of weight-bearing for at least six weeks after surgery,
but the rationale for this time period has not been presented. Therefore, it is likely
that gradual weight-bearing with the support of crutches could be initiated once the
effusion in the joint has been verified to have normalized.

Early reconstructive surgery after POH

This procedure may be an option in selected cases. Salvage procedures (e.g., hip
replacement, pelvic support osteotomy or arthrodesis) are not discussed here.

A modified capital realignment procedure has already been discussed. I will make
a few additional comments about other procedures that might be appropriate in
selected patients during adolescence to manage problems such as a decreased range
of motion in the hip that affects hip function or hip/groin pain that has been
identified to be caused by a FAL

Femoral neck osteoplasty was described in 1965 by Wilson [66]. It has been
included as a supplementary procedure during trochanteric osteotomy or has been
used alone, performed either through an open approach with a surgical dislocation
[221] or as an arthroscopically assisted procedure.
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Trochanteric osteotomies do not realign the proximal femur, as occurs in a capital
realignment procedure, but they have the great advantage of being potentially safer
with regard to vascular complications. Trochanteric osteotomies are preferably
performed after physial closure has occurred. Favourable results were reported by
Cherkasskiy et al. [4] using a three-dimensional triplane trochanteric osteotomys;
they also used three-dimensional printing models and surgery in the laboratory prior
to surgery in the operating room. In 2014, Bali et al. [222] presented their results in
a small series of 20 hips where they performed a supplementary osteo-chondroplasty
in 13 hips that gave better range of motion compared with the seven hips in which
a three-dimensional trochanteric corrective osteotomy alone was performed. No
instance of AVN was reported. Erickson et al. [223] and Spencer et al. [224]
reported favourable results after a combined Imhéauser trochanteric osteotomy [225]
with a simultaneous osteo-chondroplasty performed for POH using the surgical hip
dislocation procedure as described by Ganz et al. in 2001 [221]. They reported no
instances of AVN in these two small studies (n = 25). There are also reports where
an Imhéuser intertrochanteric osteotomy (ITO) in a child with POH was used alone
without any supplementary surgery. AVN rates of 2- 5% were reported after treating
hips with an ITO for moderate and stable POH [226], severe and stable POH [227]
and moderate to severe stable POH [228]. Figure 15 shows an ITO performed as a
reconstructive procedure.

Reconstructive surgery with an I'TO left hip.
Correction of rotation, flexion and abduction.

Figure 15. Intertrochanteric osteotomy after physial closure as reconstructive surgery, left hip.

49



Management of the contralateral hip in unilateral POH

Prophylactic fixation for unilateral POH remains a controversial issue. However,
there is no controversy about the need for prophylactic fixation in children with a
concomitant endocrine disorder [229].

Proponents of prophylactic fixation stress the risks of a subsequent contralateral slip
with functional limitations if an unstable slip develops; there is a risk of AVN and/or
later development of osteoarthritis, and at the same time, a reasonably low risk of
iatrogenic complications associated with modern techniques [184, 229-231].

Others support the idea of clinical and radiographic follow-up until physeal closure
[94, 232-235]).

Some authors have attempted to develop an algorithm in which prophylactic fixation
is offered to children at higher risk of developing a sequential slip in the contralateral
hip based on skeletal immaturity [32, 50, 236-238], sex [184, 236] and modified
Oxford bone-age score [239]. Compliance regarding the family’s ability to return
for regular follow-up visits has also been proposed as a factor to consider [234].

Using a threshold of 15 degrees, PSA has been proposed as the criterion for
prophylactic fixation in the asymptomatic contralateral hip [240]. Other reports have
proposed PSA thresholds of 14 degrees PSA [241], 13 degrees [242] or 12 degrees
[42]. Southwick [41] reported a normal variation of the lateral HSA measurement
of 0- 25 degrees. Other authors have used a similar approach, using the Billing angle
or the CF measurement [44, 233, 243] with 13 degrees as the threshold to define an
asymptomatic hip with SCFE that needs treatment.

Zenios et al. [244] conducted an inter-rater reliability test with four surgeons
measuring the PSA in 47 unaffected contralateral hips after unilateral POH. They
achieved a good intraclass-correlation coefficient (ICC) of 0.83 and proposed a
threshold of 14.5 degrees PSA for prophylactic pinning. Using this cut-off value,
they calculated the number needed to treat to avoid one future slip to be 1.9.

Novais et al. [245] described anterior plane reference values for the epiphysial tilt
using CT. Monazzam et al. [246] reported normal values by measuring the axial
oblique plane, using both MRI and CT. Kienle et al. [247] presented similar normal
values for asymptomatic children (aged 9- 17 years) using MRI in the axial plane.
However, further research is needed to identify a threshold for the risk of later
development of POH using these newer imaging modalities.

Castro et al. [248] summarized data from 45 eligible studies. They calculated that a
child with unilateral POH is 2335 times more likely to present with a contralateral
POH than an age- and sex-matched child.

Bidwell and Stott [237] reported a single-unit series of 171 children with unilateral
POH treated between 1998 and 2000. They identified 56 of the 171 patients (31%)
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who re-presented with a later contralateral POH. They also noted differences
between ethnic groups concerning the risk of development of a subsequent
contralateral POH.

A later development of POH in the contralateral hip has been reported as less likely
to be a severe or unstable slip [37, 50, 232, 238, 249].

Using a database of 192 CT scans of abdomens/pelvises of patients aged 5- 19 years
with no known orthopaedic issues, Monazzam et al. [246] compared these with CT
scans of patients treated for FAI. They noted a difference in the growth-plate tilt
angle and concluded that the majority of idiopathic cam morphology are not the
result of subclinical POH.

To summarize the discussion about whether prophylactic fixation should be offered,
it could be argued that for an otherwise healthy child (i.e., no concomitant endocrine
disorder) with a unilateral POH at the initial presentation, the choice should be either
prophylactic fixation or implementation of a structured follow-up programme with
repeat radiographs together with repeat and thorough information to the family
about the necessity for urgent radiographic examination whenever symptoms occur
on the contralateral hip, provided that the family is judged to be compliant with such
a programme.

PROMs

The UN Convention on the Rights of the Child [250] states that every child should
have equal rights and the right to live as normal a life as possible regardless of their
prerequisites. Consequently, children should be consulted about their goals for
treatment to maximize their participation in the encounter. When health care
professionals have access to information about the child’s health-related quality of
life (HRQoL) assessment, it is more likely that they will discuss the issues with the
child [251]. The Swedish Patient Health and Medical Services Act (SFS 2014:821)
stresses that health care should be designed so that patients, including children,
participate in their own care and treatment [252].

Health has been described by the World Health Organization (WHO) as follows:
“Health is a state of complete physical, mental and social well-being and not merely
the absence of disease or infirmity” [253]. It has been found that from a child’s
perspective, it is important to discuss a range of issues about health [254]. The
instruments used should preferably be completed by the person (child) alone,
without interpretation from others, for example, health care professionals [255].
Children relate more to “here and now” whereas parental perspectives often reflect
more abstract elements such as the future [256].
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Generic measures for children and disease-specific instruments have been
developed [257]. HRQoL-instruments have been used for adults in a long-term
follow-up study after POH [258]. For children, the EQ-5D-Y [259, 260], a simple
and short instrument for the assessment of HRQoL, has been developed and
translated into Swedish. In adults, the EQ-5D instrument has been shown to have
problems because of a high ceiling effect and a bimodal distribution that make
evaluation difficult [261]. However, in a study by Burstrom et al. [260], the
relatively high ceiling effect seen in a general population [262] was reduced in a
patient sample and found to be manageable in a Swedish population of children and
adolescents with functional disability. The Swedish EQ-5D-Y has no algorithm for
evaluation other than at the item level.

A 2015 literature review by D’Entremont et al. [263] aimed to identify a hip-specific
PROM that was validated for children. They found that several adult hip scores (e.g.,
Harris hip score, lowa hip score) had been applied in paediatric hip impingement
disorders without evidence of validation in any paediatric population. However,
they identified one validated hip function score for children, the Children’s Hospital
Oakland Hip Evaluation Scale (CHOHES), which was originally used in a
population with AVN in sickle cell disease [264]. The only published application of
this scale was in a population of children with osteonecrosis secondary to the
treatment of developmental dysplasia of the hip [265], which was not the population
for which it was originally validated [264].
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Materials and methods

Design

Papers I and IV were based on a prospective cohort study including all children
treated in Sweden for POH in their index hip between 2007 and 2013.

Paper 11 included 25 children from the prospective cohort study described in Papers
I and IV. Thirty-five healthy children were selected as a control group. The
procedure of translation into Swedish of an established US paediatric hip-specific
questionnaire was described together with its cultural adaptation and the validation
process for the instrument.

Paper 111 utilized lateral hip radiographs of 94 children from the same prospective
cohort study as in Papers I and 1V, to analyse intra- and inter-rater reliability for
three different methods for measurement of slip severity.

Recruitment of patients

A Swedish national quality register (Svenska Hoftfyseolysregistret) was initiated in
January 2007 to identify and analyse data for children with POH. Svenska
Hoftfyseolysregistret was to be used as a basis for quality assessment of routine care
in Sweden and for future scientific work. This objective was presented to the Board
of the Swedish Paediatric Orthopaedic Society (SBOF) in 2006. It was given full
support by the SBOF Board and all members of the society were then personally
informed. By that time, there were 39 orthopaedic departments (or orthopaedic units
within a surgical department in smaller hospitals) where children with POH were
treated. All medical directors of the concerned departments or units were personally
contacted and they all agreed to participate. A care administrator together with an
orthopaedic surgeon were selected in each hospital by the medical director to work
as contact persons for this register. Documents to be used to provide written
information to the children and a parent or guardian of each child, together with
processes for documentation of informed consent in the medical records were
established and distributed. The annual meeting of the SBOF confirmed that this
quality register would commence on January 1, 2007.
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Consecutive registrations were made for each child with POH. Inclusion criteria
were children living in Sweden and registered in the Swedish Population Register
with a Swedish personal identity number (PIN). Exclusion criteria were slipped
epiphysis caused by a high-energy trauma or septic coxitis.

Medical records, school health records and radiographs were analysed by the
director of the register (BH). A follow-up of each participating hospital was made
at least twice annually to ensure that all established procedures had been followed
and that all children treated for POH had been offered the opportunity to participate
in this register. The purposes of the register were to assess and describe the quality
of medical care for children with POH in Sweden together with analyses of group-
level data for scientific publication.

The scientific database was established in 2013. It included all variables recorded
in the quality register database plus some additional variables (e.g., PROMs). Data
for children with POH in their index hip between 2007 and 2013 were included in
the scientific database. For purposes of monitoring the completeness of the database,
we were retrospectively provided with individual-based data from the Swedish
National Board of Health and Welfare. All children in Sweden treated for POH of
the index hip between 2007 and 2013 were admitted to hospital. It is established by
Swedish regulations that all hospitals must register all admissions using diagnostic
codes (WHO classification ICD-10) and treatment codes according to the Nordic
Medico Statistical Committee - Nordic Classification of Surgical Procedures. It was
therefore possible for this analysis to compare the in-patient records in the scientific
database and the Swedish National Patient Register (NPR) using the PIN. This
comparison between the different databases identified 35 children with a POH of
the index hip during the study period who were registered in the Swedish NPR but
not in the scientific database. Through written contact with the concerned children
and with the parents or a guardian for each child, all 35 children were included in
the scientific database following the receipt of their informed consent to participate.
Therefore, database completeness and a coverage of 100% were finally achieved
(i.e., all children treated in Sweden for POH of their index hip between 2007 and
2013 were included).

In 2014, Svenska Hoftfyseolysregistret was made part of the newly established
SPOQ register (Www.spog.se).
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Study populations

The population used for Papers I and 1V is outlined in Figure 16. The epidemiology
of POH in Sweden was described in a prospective cohort study including all 379
children treated for POH in their index hip between 2007 and 2013.

379 children (449 hips with SCFE)
162 girls and 217 boys

7 l N

27 children 201 children 151 children
Primary bilateral SCFE Contralateral hip observed Prophylactic fixation
11 girls and 16 boys 85 girls and 116 boys 66 girls and 85 boys

43 children 156 children . thh:":'lfe"
ost to follow-
Sequential SCFE Unilateral SCFE SUSISIRLD
» 1 boy emigrated before first
23 girls and 20 boys 62 girls and 94 boys scheduled follow-up
+ 1 boy died after 22 months
Bilateral SCFE in 70 children Unilateral SCFE in 307 children

Figure 16. Study population in Paper | and IV

In Paper 11, the study population comprised 25 children registered in the scientific
database for POH together with 35 healthy children (Figure 17). The 35 healthy
children, aged 8- 15 years, were selected for this study via organizations offering
weekly organized sport activities within the city of Jonkoping, Sweden.

Group 1 35 Swedish healthy children Test Barnhft
8-15 years old
12/35 Swedish healthy children Re-test Barnhoft
8-15 years old

Test and re-test Barnhoft

Group 2 25 Swedish children with SCFE
8-15 years old

EQ-5D-Y

Figure 17. Study population in Paper II.
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In Paper I1I, we used radiographs from 94 children with POH from the scientific
database. The study material is described in Figure 18. Analysis was conducted of
inter- and intra-observer reliability of three different methods to measure slip
severity as assessed by two paediatric radiologists, one senior orthopaedic surgeon
(this doctoral candidate), and one fourth-year year resident in orthopaedic surgery

Eligible radiographs
n=94

Excluded
Only pelvic AP
n=6

Remaining radiographs

n=288
Lauenstein view
n=61
Excluded (n = 11)
- Poor image quality, 9
- < 2cm of proximal femur, 2
Billing view Lauenstein view
n=27 n =50

Figure 18. Study material in Paper IIl.

In Paper IV, we used the same prospective cohort of 379 children with 449 hips as
in Paper I. We conducted a follow-up after 36 months to identify radiographic
complications and subsequent surgery performed. Figure 19 presents the children
who completed the PROM two years after the primary surgery reported in Paper I.
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109 children with unilateral SCFE
47 girls and 62 boys

1 child (a boy)
protected identity

1 child (a boy)
emigrated

20 children (8 girls, 12 boys)
no reply

87 children answered questionnaires
39 girls and 48 boys

Figure 19. Children who answered prospectively distributed questionnaires in Paper IV.

Study methods

Follow-up

Consecutive annual follow-ups were conducted for each child included in Papers I
and IV, up to 36 months after the primary surgery. This was carried out through the
selected contact persons at the hospital where the primary surgery or follow-up was
performed. All reported events within 36 months from the date of the primary
surgery were registered based on an analysis of medical records, school health
records and radiographs by one of the authors (BH).

Careful monitoring was regularly conducted utilizing the Swedish Population
Register, where everyone who has been given a Swedish PIN is registered with
information about their address. We could thus identify children who had moved to
another area of Sweden since the primary surgery, emigrated or died. For those
children who seemed to have dropped out from the follow-up regime, the relevant
hospital in the new area where the child lived at the time of follow-up was contacted
to obtain supplementary information concerning the radiographic follow-up and
medical records.
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In a small number of hospitals, children were only scheduled for follow-up for 12
months after POH of the index hip and thereafter instructed to make immediate
contact if any symptoms should appear in the contralateral hip. However, for the
majority of the hospitals, children were followed until physial closure could be
verified on a radiograph.

Following this rigorous protocol, we identified one child who had emigrated (a boy
who emigrated almost immediately after the primary surgery for the index hip) and
one child who had died (22 months after the primary surgery). For this boy the index
hip at 16 months after the primary surgery on a radiograph showed physial closure
but there was no record of the contralateral hip being examined radiographically at
that time.

Questionnaires

In Papers II and IV PROMs were used. Written approval was received from the
EuroQol group (www.euroqol.org) to utilize the EQ-5D-Y and EQ-5D-VAS
[259]. EQ-5D-Y is a general five-dimension instrument for the assessment of
HRQoL. The EQ-5D-VAS [266], a visual analogue scale that is rated 0- 100 with
100 as the best health, was used as a quantitative measure of health outcome as
judged by the individual respondents.

Written approval was obtained from the original developer of CHOHES [264], for
both the cultural adaptation and validation process to be implemented in Paper II.
We also received approval from the original developer to use the name Barnhoft as
the Swedish name for the questionnaire. In Paper IV, the validated Swedish
Barnhoft questionnaire for children aged 8 years or older was used. The Barnhoft
questionnaire includes a pain domain (one item) together with a hip function domain
(five items). Barnhoft was based on CHOHES, which was originally a 100-point
item questionnaire, but without the physical examination domain originally
included in CHOHES. The pain scale in Barnh6ft includes a rating for each hip with
a maximum of 40 points. The function domain is based on daily activities, including
dressing, sitting, walking, and stair climbing, with a maximum of 32 points. For the
study reported in Paper IV, the questionnaires were distributed to 107 consecutive
children diagnosed with a unilateral POH by regular mail 24 months after the
primary surgery. Two reminders were sent by regular mail to those who had not
returned the questionnaires.

Subsequent procedures

In Paper IV, subsequent surgery during the follow-up time of 36 months was
analysed. When calculating the number of subsequent procedures performed, the
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development of AVN was considered to be the end point for that specific hip; hence,
no subsequent operations for these hips were included in the results. Scheduled
procedures for implant extraction after physial closure were included in the results.

Measurement of slip severity

Slip severity was graded using the categories described by Southwick [41], namely,
a mild slip (< 30 degrees), a moderate slip (30-50 degrees), and a severe slip (> 50
degrees). In Papers I, III and IV, the CF method [44] or the Billing method [45]
was used for assessment of lateral radiographs, with the Southwick HSA used for
AP views [41] when it was not possible to obtain a lateral view (unstable POH). In
Paper III, in addition to these methods for assessment of lateral radiographs, the
Southwick lateral HSA [41] was also used for the inter- and intra-observer reliability
testing. In Papers [ and IV, we used the threshold of 13 degrees for an asymptomatic
hip to be diagnosed with a POH [44, 233, 243]. In a small number of children with
a unilateral unstable POH, it was only possible to achieve an AP view of the pelvis,
because of the pain experienced by the child. In those children, we rated a Southwick
HSA (in the AP view) of less than or equal to 110 degrees as a severe slip [41].

Clinical classification

The clinical classification of stability described by Loder et al. [68] was used in
Papers I and IV. An unstable POH was defined as one causing severe pain that made
walking impossible even with crutches, regardless of the duration of the symptoms.
MRI or ultrasonography was not routinely used during the study period to verify an
effusion of the hip.

Reduction of an unstable slip

In Papers I and IV the postoperative radiographs were analysed by subtracting the
slip angle of the preoperative film from that in the immediate postoperative film to
determine whether a reduction had been achieved. We used the same criteria as
Kennedy et al. [267], in which a difference of > 10 degrees was considered a
reduction, which was then classified further into an intentional or incidental
reduction based on the surgical reports. There were five children with hips that were
clinically classified as stable but where the assessment of pre- and postoperative
radiographs showed that an obvious incidental reduction had been obtained. These
hips were thus classified as unstable hips.

59



Accuracy of implant positioning

In Paper 1V, the accuracy of implant positioning within the epiphysis was graded
according to the method of Pring et al. [144] using AP and lateral radiographs. For
a correct implant position (“A” accuracy), the implant had to be placed within the
central 50% of the physial width, with the screw tip > Smm across the physis, at
least 5 mm from the subchondral bone, and the screw at an angle of 70- 90 degrees
to the capital physis. Poor implant position (“C” accuracy) was identified when the
implant was located outside the central 75% of the physial width, with the screw tip
< 2.5 mm across the physis, the tip of implant located < 2.5 mm from the
subchondral bone, or the implant was introduced at an angle of < 50 degrees to the
physis. “B” accuracy of pinning occurred when the implant was placed outside the
“A” area but not in the “C” area.

Body mass index (BMI)

In Papers I, II and IV age- and sex-adjusted BMI (ISO-BMI) was calculated using
the method of Karlberg et al. [268]. An ISO-BMI of > 25 was defined as overweight
and an ISO-BMI of > 30 as obese.

Statistics

All statistical analyses in this thesis were performed using SPSS Statistics for
Windows (versions 22 or 24; IBM Corp, Armonk, NY).

Paper I

Continuous data were reported as the median with minimum and maximum values.
Discrete data were reported as frequencies and/or percentages. For non-parametric
tests between two independent groups, we used a Mann-Whitney U test. To compare
proportions between two independent groups we used a cross-table and a chi-square
test. The significance threshold was set at .05. A comparison of the Mann-Whitney
U test and chi-square test was made using a Fisher’s exact test that produced
identical results.

Paper 11

The analysis in this paper used multidimensional scaling (MDS) [269] for analysis
of categorical data, a weighted Cohen’s kappa [270, 271] with confidence interval
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(CI) together with percentage agreement as described by Svensson for stability
testing of the instrument [272], and Spearman’s rank order correlation coefficient
for construct validity testing [273].

The number of children per item was not sufficient to allow a factor analysis, a test
to identify the dimensions of a test [274]. MDS for categorical data in an ordinal
scale [269, 275] was instead used to scale health-state similarity data. This
methodology is based on the ranking of differences between health states combined
with an associated scaling model that transforms the individual rank data into group
values on the interval level. We used MDS to visualize whether certain items were
more closely related than others, that is, whether the different items under the
domain function covered different aspects of functional capacity of the children in
group two (children with POH).

Paper 111

A t-distribution was assumed for a sample size of < 50 and a normal distribution for
a sample size of > 50. The effect size was set to 3 degrees with 90% power and with
a confidence level of 99%. The expected standard deviation was derived from a
similar study [276].

Intra-observer variation for each of the measurements was assessed using the mean
difference, with its 95% limits of agreement [277, 278]. For the purpose of graphic
presentation, the differences were plotted against the mean measurements (Bland-
Altman plots).

Inter-observer variation for two observers measuring Southwick lateral HSA [41]
was assessed using the ICC and 95% CI with two-way random and absolute
agreement for single measures. The first measurements were used for both observers
[279]. For the four observers using the Billing [45] and CF methods [44], inter-
observer reliability was evaluated using the ICC and 95% CI with two-way random
and absolute agreement for average measures. The first measurements were used
for all observers [279, 280].

When comparing the lateral HSA using the CF method, we included the first
measurements for both methods. For statistical analysis, the variability was
described using the Bland-Altman method, with its 95% limits of agreement [281].

Paper IV

Continuous data were checked for normality, using the Kolmogorov-Smirnov test
together with an analysis of the histograms, and were reported as the median with
minimum and maximum values. Discrete data were reported as frequencies and/or
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percentages. An independent sample t test was used to compare mean values for
continuous data between two groups that were normally distributed. To compare
proportions between two independent groups, a cross-table and chi-square test were
used. The significance threshold was set at .05.

Ethical considerations

Ethical approval for work described in the papers presented in this doctoral thesis
was given by the Regional Ethical Review Board in Lund, Sweden (ref. 2013/87
and 2015/320). The studies described in all four papers were conducted in
accordance with the ethical principles of the 1964 Declaration of Helsinki for
medical research involving humans and its later amendments.

Informed consent was obtained from all individual participants and one parent or
guardian of both healthy and sick children included in the work described in the four
papers that constitute this thesis.

According to the UN Convention on the Rights of the Child [250], all children
should be consulted on their own goals of treatment to maximize their participation
in the encounter. It was important to consider the protection of the child’s interests
as well as risks or benefit calculations together with respect for the dignity and value
of each child, and the views expressed by each child during both the planning and
the implementation phases of the work described in this thesis

Overweight and obesity are known to be more common among children with POH
[60]. However, we thought that the collection of data for BMI outside of the hospital
medical records might be something that the child and/or the family would consider
a delicate subject. For children for whom this information was not found in the
medical records from the hospital, we sent one letter to the child and one letter to
the parent or guardian with information about why this information was valuable
for the interpretation of data. An inquiry was sent by regular mail asking for their
written permission to request the school health personnel to provide us with this
information. The enclosed informed consent document required the signature and
approval of both the child and a parent or guardian. No reminder was sent to the
families that did not respond to this inquiry and no contact was made through
telephone or other media.

Children want to answer questions about their health status if they understand the
reason behind the questions, if they feel that the questions are relevant, and when
they notice that their answers are received and commented upon [282]. We chose
instruments that would not include questions that could cause the children to be
adversely affected. Because the children in these studies were from all over Sweden,
for practical reasons we could not arrange for their answers to be commented upon
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immediately after receipt. However, we encouraged all children to make further
comments in their reply letter if there was anything they wanted to inform us about
that was not properly covered by the questionnaires, or if there were questions that
were difficult for them to understand. We received some comments that were very
much appreciated and valuable for this thesis and all children received a personal
letter of appreciation after the receipt of their answers.

For the participating children, there were no direct benefits included because the
aim was to analyse routine care for children with POH in Sweden. However, through
the consecutive registration of children treated for POH, we were able to identify
children for whom the clinician responsible for the treatment had omitted to take a
radiograph of the contralateral hip during the primary hospital admission. Following
the receipt of our comments on this situation, the children concerned were thereafter
followed according to the appropriate treatment guidelines in the relevant hospitals.

Following the consecutive registration of children for POH, we were able to identify
one hospital where children with a mild POH were not treated according to a modern
treatment regime, that is, they were only given instructions about analgesics and to
use crutches while walking with partial weight-bearing, but no surgical treatment
was offered despite a correct diagnosis of POH being confirmed. After an immediate
contact with the director of the hospital concerned, the children were urgently
referred to a paediatric orthopaedic unit for appropriate surgical treatment.
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Results

Paper I

Slipped capital femoral epiphysis: a population-based study

In the prospective cohort study conducted during a 7-year period between 2007 and
2013, 379 children treated for POH in their index hip were identified. The
cumulative incidence of POH in the index hip for children aged 9- 15 years in
Sweden was 40.6 per 100,000 girls and 52.2 per 100,000 boys during the period
studied. The median age was 11.7 (7.2- 15.4) years for the 162 girls and 13 (3.8-
17.7) years for the 217 boys. The age distribution is presented in Figure 20.
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Figure 20. Age distribution.
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Obesity or overweight was identified in 56% of the girls and in 76% of the boys.

The majority of patients had hip/groin pain as an initial symptom. For the 44
children (12%) with knee pain as the main symptom, the median duration from the
onset of symptoms until diagnosis of POH was 4 (0.5 - 18) months whereas for the
250 children (66%) with hip/groin pain as the main symptom, the median duration
was 2 (0.25 - 48) months.

There was a statistically significant difference (p = 0.033) between the proportion
of children with knee pain that were sent for a radiographic hip examination by the
initial care provider (12/44) compared with that of children with hip/groin pain as
the main symptom (180/250).

The severity of the slip was associated with an increase in median duration of
symptoms (Figure 21). There were 89/379 severe slips, 125/379 moderate slips and
165/379 mild slips.
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Figure 21. Severity of the slip in relation to duration of symptoms (missing data, n = 5).
Outliers with duration of symptoms > 24 months: mild (n = 1), moderate (n = 1), and severe (n = 2).

A left-sided predominance was observed in the index hip of the 379 children: 238
were left-sided and 141 were right-sided (unpublished data).

The majority of children underwent percutaneous internal fixation. Table 1 presents
the different methods of treatment in relation to slip severity.

Between 2007 and 2013, the most common implants allowed for further growth of
the femoral neck (Figure 22).

Most hospitals in Sweden treat fewer than two children annually for POH.
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The most common diagnosis of co-morbidity in this population was
neuropsychiatric disorders (15/379). Endocrine disorders were identified in very
few children.

/')_ Proph
fixation

After two years

Figure 22. Implant for fixation that allows for further growth of the femoral neck (Hansson pin).
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Table 1.
Method of treatment related to severity of POH

Surgical treatment Mild Moderate Severe Total
Hansson hook pin 96 71 38 205
Cannulated screw 58 43 32 133

with extra' short
thread length

Cannulated screw 10 10 4 24
with short? thread
length

Multiple cannulated - 1 — 1
screws (diameter
<6 mm)

Multiple pins 1 - 2 3
(diameter <3 mm)

Capital realignment - — 8 8
procedure with

surgical dislocation

of the hip

Capital realignment - - 3 3
procedure without

surgical dislocation

of the hip

Open reduction and - — 2 2
fixation without

surgical dislocation

of the hip (Parsch)

" Specially designed screws with extra short thread length that will allow further growth of the femoral neck

2 Ordinary short thread length i.e. approximately 16 mm

At initial presentation, 27 children had a bilateral POH. The contralateral hip was
treated with prophylactic fixation in 151 children. The 151 children selected for this
treatment regime were younger (median — range) than the 201 children scheduled
for regular follow-up (median -range). This difference was statistically significant
and of clinical relevance. Of the 201 children scheduled for regular follow-up,
another 43 children developed bilateral POH. The time interval between the slip in
the first and the second hip was median 8.5 (0.4- 59) months. There was only one
child who was diagnosed with a sequential POH after more than 24 months.
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Paper 11

Barnhoft: a hip specific 6-item questionnaire for children

The test-retest method, with a weighted Cohen’s kappa and the percentage
agreement method, showed good stability for the instrument (Table 2).

Table 2.
Stability test of Barnhoft.

Item Weighted Cohen’s kappa (95% Cl) Percentage agreement

Pain (v48) 0.88 (0.74- 1.01) 99
Dressing (v49) 0.91 (0.73- 1.09) 99
Walking aid (v50) 1.00 (1.00- 1.00) 100
Walking capacity (v52) 0.88 (0.66- 1.10) 96
Sitting capacity (v53) 1.00 (1.00- 1.00) 100
Stair climbing (v54) 1.00 (1.00- 1.00) 100

The construct validity for the pain domain (1 item) in EQ-5D-Y compared with the
pain domain in Barnh6ft showed a Spearman’s rank order correlation coefficient of
0.73. It was noted that severe pain affected the score for the function domain in
Barnhoft and we therefore compared the degree of hip pain in Barnhoft with the
item “doing usual activities” in EQ-5D-Y and found a Spearman’s rank order
correlation coefficient of 0.67.

Using the MDS for categorical data on an ordinal scale, we could visualize that the
different items under the function domain covered different aspects of functional
capacity for the children with POH (Figure 23).
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Figure 23. Multidimensional scaling (MDS) for the function domain items in Barnhoft in children with POH.
V49, ability to put on socks or shoes; V50, walking aid used; V52, walking capacity; V53, sitting capacity: V54, stair
climbing capacity.

Using the EQ-5D-VAS, children with POH scored a mean of 88 which was equal
to that of a Swedish general population [260].

Paper III

Good inter- and intra-observer reliability for assessment of the slip
angle in 77 radiographs of children with a slipped capital femoral
epiphysis

The inter-observer reliability analysis for four observers showed an ICC of 0.99
(95% CI1 0.97-0.99) for the CF measurement method and an ICC of 0.99 (95% CI
0.98-0.99) for the Billing measurement method.

The inter-observer reliability analysis for two observers showed an ICC of 0.98
(95% CI 0.97-0.99) for the Southwick lateral HSA measurement method.

Bland-Altman plots for lateral HSA and CF illustrate the reproducibility between
the first and second measurements (Figures 24 and 25).
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Figure 24. Intra-observer variation (degrees) for lateral HSA: Observer 1.
The solid line represents the mean value and the dotted lines show the limits for two standard deviations above and
below the mean value.
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Figure 25. Intra-observer variation (degrees) for CF: Observer 2.
The solid line represents the mean value and the dotted lines show the limits for two standard deviations above and
below the mean value.
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The intra-observer reliability analysis for two observers showed a mean difference
between the first and second measurement of less than one degree for all three
methods (Table 3).

Table 3.
Intra-observer variation between first and second measurements of slip angle (degrees).

Intraobserver Subjects Difference mean (SD) 95% limits of agreement
Observer 1 - Billing 27 -0.8 (2.9) -6.5t0 5.0
Observer 2 - Billing 27 -0.2 (1.9) -4.0t0 3.5
Observer 1 - CF 50 0.0 (2.6) -5.1t0 5.1
Observer 2 - CF 50 0.2(1.4) -2.3t0 3.0
Observer 1 - HSA 50 0.1(1.1) -21t02.3
Observer 2 - HSA 50 0.4 (3.3) -6.0t0 6.8

The mean difference between the first measurements of lateral HSA and CF was
less than 6 degrees for the two observers (Table 4).

Table 4.
Difference (degrees) between lateral HSA and CF measurements.

HSA - CF Subjects Difference mean (SD) 95% limits of agreement
Observer 1 50 5.9 (4.8) -3.5t0 15.3
Observer 2 50 3.4 (4.8) -6.1t0 12.9

Paper IV

Outcomes after slipped capital femoral epiphysis — a population-based
study with 3-years follow-up

In this study cohort of 379 children with 449 hips affected by POH, 61 hips were
classified as unstable (60 in the index hip) and 90 were graded as severe (89 in the
index hip).

The 151 children with a unilateral POH who received prophylactic fixation were
younger than the 201 children with a unilateral POH selected for scheduled
radiographic and clinical follow-up (p = 0.001). This difference was considered of
clinical relevance. However, the groups did not differ significantly in the severity
of the slip, clinical classification (stable/unstable) or age-adjusted BMI. None of the
151 hips treated with a prophylactic fixation developed AVN.

A total of 25 0f 449 hips developed AVN within 36 months after the primary surgery
for POH (Table 5).
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Table 5.
Development of AVN in 449 hips treated for POH.

Surgical procedure Hips AVN
(N) (N)
Percutaneous internal fixation for stable SCFE 380 5!
Percutaneous internal fixation for unstable SCFE 56 112
Capital realignment as primary surgery for stable SCFE 8% 2
Capital realignment as primary surgery for unstable SCFE 38 2
Open reduction and internal fixation for unstable SCFE (Parsch)* 28 1
Capital realignment as reconstructive surgery before physeal closure 45 2
Surgery for a peri-implant femur fracture 35 2
Total 25

" Two of five hips had a severe SCFE.

2 Eight of 11 hips had a severe SCFE. Six of 11 hips had an intentional reduction manoeuvre and four had an
incidental reduction.

3 All of these hips had a severe SCFE

4 Parsch et al. 2009 [220]

5 Subsequent surgical procedures

Of the 56 unstable hips treated with percutaneous internal fixation, an intentional
reduction manoeuvre (traction, internal rotation and mild flexion) was performed in
32 hips and an incidental reduction from simple positioning on the operating table
was described and/or was visualized on postoperative radiographs in 14 hips. Six of
the 11 unstable hips that developed AVN had an intentional reduction manoeuvre
performed and four had an incidental reduction. An arthrocentesis was performed
in seven of the 56 unstable hips. No AVN was identified in these seven hips.
However, there were no statistically significant differences between the groups with
regard to the development of AVN, either when an intentional reduction had been
performed or when the joint was decompressed.

A peri-implant femur fracture occurred in five hips (two hips with prophylactic
fixation performed). For three of the five hips, technical difficulties were described
in the surgical reports. One hip (treated for POH) developed AVN secondary to this
event.

Implant position was graded as poor (“C” accuracy) in 38 (10%) of the 380 stable
hips treated with in situ fixation for POH.

Of the 436 slipped hips treated with percutaneous fixation, the implant was extracted
after physial closure as a routine procedure in 156 hips. For 22 of the 156 hips, the
percutaneous procedure had to be converted to a more extensive approach. Of the
151 hips treated with prophylactic fixation, the implant was similarly extracted as a
routine procedure in 51 hips (five of these 151 procedures had to be converted to a
more extensive approach).
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Slip progression despite internal fixation occurred in eight hips (five with an initial
poor implant position, “C” accuracy). Development of POH despite prophylactic
fixation occurred in one hip (correct initial implant position, “A” accuracy).

Children with a stable severe POH or who developed AVN scored lower in Barnhoft
and EQ-5D-VAS compared with children with a stable mild or moderate POH.
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Discussion

This thesis is based on a prospective cohort study with a total national population in
Sweden of 379 children (162 girls and 217 boys) who had a POH in their index hip
between 2007 and 2013. A population of children aged 9- 15 years in Sweden in the
beginning of the study period was used as the population at risk when calculating
the cumulative incidence of POH during the study period. The inclusion period for
new cases of POH in the index hip was seven years because the majority of children
will be treated for POH in the index hip at 9- 15 years of age (i.e., seven age groups).
We excluded five girls < 9 years old and one boy aged 3.8 years together with four
boys aged 16 years or older when calculating the cumulative incidence.

A cumulative incidence of 40.6 per 100,000 girls and 52.2 per 100,000 boys was
found during the period studied. The median age at diagnosis was 11.7 (7.2- 15.4)
years for the 162 girls and 13 (3.8- 17.7) years for the 217 boys.

The male-to-female ratio was 1.3:1. This could be compared with a recent study on
a national population from the Netherlands by Witbreuk et al. in 2013, which
showed no sex difference [49]. This reduced predominance of POH in boys in
reports from two northern European countries needs to be considered when children
present with a limp together with hip, thigh or knee pain.

Around 50% of adults in Sweden are overweight or obese according to the Public
Health Agency of Sweden (www.folkhalsomyndigheten.se). Obesity is one of the
five main factors in Sweden causing loss of healthy years of life. In Swedish
children who were 12 years old in 2011, 12.8% of the girls and 16% of the boys
were found to be overweight or obese [283, 284]. In Paper I, we reported that 56%
of the girls and 76% of the boys with POH in their index hip between 2007 and 2013
were overweight or obese. Higher BMI was found by Escott et al. in 2015 to be the
only clinical predictor of patient-reported poor outcomes in their 20-year follow-up
study of patients with POH during childhood [258].

Paper 1 show that the severity of the slip increases with a longer duration of
symptoms, that is, a longer period with the disorder before a diagnosis is established
and appropriate treatment offered to the child. This is consistent with other reports
[12, 30, 31, 33, 285].

It is important to reduce delays in diagnosis of POH that depend on the competence
of the health personnel who assess the child at their initial presentation. The
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knowledge that groin pulls are rare in adolescents [81] and that the more common
POH must be ruled out first by requisite radiological investigations must be further
disseminated. Children with normal BMI but with knee pain because of POH are at
higher risk of delayed diagnosis. All children who describe knee or hip/groin pain
and/or have a limp must have a thorough examination of the whole extremity,
including at least one joint above the specified location of pain. This means, for
example, that if the child complains of hip/groin pain, then the pelvis and lumbar
spine must also be examined and if there is a complaint of knee pain, then the hip
must be thoroughly examined.

A co-morbid neurocognitive disorder (attention deficit disorder, attention deficit
hyperactivity disorder, autism) was noted in 15 of the 379 children (4%) included
in Paper 1. This frequency is similar to that recently reported for the general
population by the Swedish National Board of Health and Welfare where 6.4% of
the boys and 2.7% of the girls aged 10-17 years between 2006 and 2015 were under
regular medication for attention deficit and hyperactivity disorders [286].

With the assistance of the validated Swedish instrument Barnhoft (Papers II and
IV), children with POH who had either severe pain or a considerable limitation of
their hip function were identified. The instrument can be used as a PROM from 8§
years old. It is preferably collected and commented upon during a regular follow-
up visit for POH, but it can also be used for distribution by regular mail. We used
the instrument for children with a unilateral POH. However, in a long-term follow-
up study using PROMs, subjects with a bilateral slip had outcomes similar to those
with unilateral disease [258].

The measurement methods used to assess radiographs in Papers I and IV were
shown in Paper III to have good inter- and intra-observer reliability. Following this
work, these methods are now routinely used in the SPOQ register (www.SPOQ.se)
and a new manual explaining how a correct Lauenstein view (frog-leg lateral view)
should be achieved for radiology has been developed.

In Papers I and IV, bilateral disease at initial presentation was diagnosed in 27 of
the 379 children (7%). This incidence is consistent with other reports [19, 37, 117,
118].

Papers I and IV describe that 43 of 201 children who were scheduled for a regular
follow-up developed POH [137, 216]. In the group of 151 children who received
prophylactic fixation of the contralateral hip, one hip developed a slip despite
internal fixation with a correct initial implant position (“A” accuracy) [144]. The
median time interval between the slip in the first and the second hip was 8.5 months.
Only one child was diagnosed with a sequential POH after more than 24 months. A
later development of POH in the contralateral hip was shown as less likely to be a
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severe or unstable slip. This has also been described in other reports [37, 50, 232,
238, 249].

In Paper IV, the outcomes of the capital realignment procedures performed in
Sweden in children with POH in their index hip between 2007 and 2013 are
described. Few procedures were performed (n = 15), mainly in two tertiary centres
for paediatric orthopaedics. However, the number of cases of AVN was similar to
those recently reported from US tertiary centres, where a higher rate of
complications than reported for earlier more encouraging studies was described for
both stable and unstable POH [35, 193-198].

Is there a role for gentle reduction of an unstable POH? The challenge involves
determining the part played by the acute and chronic components. The treating
surgeons need to have appropriate knowledge about the historical classification,
using the terms “acute”, “acute-on-chronic” and “chronic” [43, 69]. They should
preferably make a very gentle manipulative reduction and reduce the epiphysis only
to the point where it had been located just before the acute event but not attempt a
more forceful reduction of the chronic part of the slip. A variable degree of
metaphysial remodelling is seen on the radiograph along the superior and anterior
femoral neck for the “chronic” part of a slip [69], which must be identified with the
assistance of fluoroscopy in the operating room. The surgeons must carefully
monitor this during a gentle reduction attempt, open or closed, by using fluoroscopy
with both AP and lateral views available [3, 168, 220, 287, 288]. Decompression of
the joint would preferably also follow this procedure. In Figure 26, a case report is
shown as an example of how such a procedure could be performed.
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Gentle positioning in mild flexion
and mild outwards rotation on the
operating table without traction applied.
Reduction achieved of the "acute” part
but not of the ”chronic” part of the left
hip. A residual deformity is accepted.
Arthrocentesis with evacuation of |
a hematoma. Fixation due to age 13 years old (boy) with an intentional physeodesis.
Prophylactic fixation of the right hip. A bone scan showed normal nuclide uptake as a sign
of maintained circulation to the left hip after 7 days. A “rounding off” occurred within six
months post surgery (yellow arrow).

Figure 26. Unstable POH left hip treated with gentle reduction of the acute component and arthrocentesis.
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The best treatment for the contralateral hip in children with a unilateral POH is still
controversial. In Paper IV, the pros and cons of prophylactic fixation are presented.
If treatment with prophylactic fixation is not routinely offered to a child with a
unilateral POH, then skeletal immaturity, sex, and the family’s compliance
regarding attendance for regular follow-up visits should be considered when a
decision is made about the management of the contralateral hip. There were obvious
peri-operative technical difficulties for one of the two children reported in paper IV
who sustained a peri-implant femur fracture after prophylactic fixation. One deep
infection occurred after surgical treatment for a peri-implant femur fracture in the
group of 151 children with a prophylactically treated contralateral hip. It may be
possible to minimize the incidence of these two complications with correct surgical
technique during primary surgery. Prophylactic fixation is a safe procedure when
performed with a correct technique.

The value of routine extraction of an implant after physial closure, in the absence of
any local pain or discomfort reported by the child, could be questioned [289-292].
In Paper 1V, it is shown that this procedure is reasonably widespread in Sweden and
contributes to a considerable number of scheduled surgeries performed after POH.

In 2007, there were 39 hospitals where children were primarily treated for POH. By
the end of 2013, this number was reduced to 34. Based upon the 379 children with
449 hips studied in Paper [ and IV and the 34 hospitals that had actually treated
children with POH during the 7-year study period, we determined that the majority
of Swedish hospitals treat fewer than two children annually for POH. In January
2018 the number of hospitals in Sweden that treat children with POH was further
reduced to 28 in a country with approximately 700,000 children aged 9- 15 years
and 50-55 children with a new diagnosis of POH in the index hip every year. This
situation needs thorough consideration concerning where children should be treated
for POH. The knowledge that POH is not an adolescent or paediatric hip fracture
but a paediatric orthopaedic disorder, together with the competence to treat both
stable and unstable POH accordingly, must be a prerequisite for the units taking care
of these children. A child with a typical mild-to-moderate stable POH (i.e., the
metaphysis together with the femoral shaft goes in external rotation, into varus and
in extension) could probably receive their initial treatment in more hospitals than a
child with an unstable POH, a valgus POH, or a severe POH [39, 195].

Based upon the literature review in this thesis and the results presented in Papers I-
IV, I would like to propose a treatment protocol for POH in Sweden (Figure 27).
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Unstable POH

» Slipangle <50 degrees

+ Fixation in situ using an
implant that will allow
further growth

* Prophylactic fixation of
the contralateral hip*

Slip angle >50 degrees
Valgus POH

Refer to a paediatric
orthopaedic unit

Confimm stability if possible with an
ultrasonography unless this will
cause a considerable delay in
referral

&

If considerable functional

limitation: 3D-CT scan of
the pelvis and referral to a
paediatric orthopaedic unit

Fixation in situ using an
implant that will allow
further growth
Prophylactic fixation of
the contralateral hip!

V4

If considerable functional
limitation persists an ITO
+/- an osteochondroplasty
might be considered
(preferrably after physeal
closure)

N

&

Refer as an emergency case to a
paediatric orthopaedic unit

L

* Gentle manipulation with mild
flexion and outwards rotation
but NO traction applied. Reduce
ONLY the acute component.

* Percutaneous fixation

* Decompress the joint

* Prophylactic fixation of the
contralateral hip

U

Bone scan after a week to verify
proper viability of the femoral head

U

If a viable femoral head is verified
and a severe POH remains after the
emergency surgery, an early capital
realignment procedure might be
considered OR alater ITO +/- an
osteochondroplasty after physeal
closure.

U

Follow-up every 6 months with a bilateral lateral radiograph to confirm that there is no progress of
the slip during the first year post surgery, then annually until physeal closure has occurred

Register in a national quality register

Include PROM in your follow-up routine

No scheduled routine implant extraction after physeal closure unless e.g. local pain or discomfort

Figure 27. A proposal for a treatment algorithm for POH.
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Limitations

Paper I

In the analysis of the duration of symptoms, we were not able to separate the patient-
related delay from the doctor-related delay. We also used the history that was
presented on hospital admission.

For the analysis of the initial health care provider and the rate of referral for a
diagnostic hip examination, we were not able to collect all medical records from
outpatient visits at various health care providers prior to the primary surgery for
POH. We used the history that was presented on hospital admission.

A small number of hospitals routinely followed children treated for POH with
regular radiographs for only 12 months postoperatively. However, during our
annual follow-up we counterchecked whether the child still lived in the catchment
area of that hospital where he/she was treated primarily or had the last registered
follow-up. A few children had moved to another region of Sweden. We then
contacted the relevant hospital with a catchment area that covered the new place of
residence for that particular child, and managed to obtain medical records from
outpatient visits and surgical reports, and we were also able to analyse the most
recent available hip radiographs.

Paper 11

Based on epidemiological data in Paper I, we assumed that children treated for POH
were comparable with “hip-healthy” children in their comprehension of Barnhoft.

As a control group (“healthy children”) in this study we used children participating
in weekly organized sport-activities in Jonkoping with the intention of using
children that were not physically restricted due to hip problems (i.e. we did not use
a sex- and age matched control group as a reference).

Despite written instructions to both the child and the caretaker, we could not control
for any possible caretaker bias.

What matters to children differs across gender, age, as well as cultural background
[282]. There might be other questions than those included in Barnhéft that would
appear more relevant and important for children with a hip disorder.
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In this study, we did not analyse interpretability, that is, the degree to which one can
assign clinical or commonly understood connotations to an instrument’s
quantitative scores or change in scores.

We did not analyse whether the literacy of children with a hip disorder was adequate
for their age.

We assumed that the children treated for a POH who undertook the test for a second
time (re-test) after six weeks had an unchanged health status compared with when
they were first exposed to the instrument. However, only children with a unilateral
POH (i.e., still without a diagnosis of POH in the contralateral hip after 24 months)
were included.

For the reliability test, that is, the test of the stability of the instrument, the sample
size of healthy children (n = 12) was small, which might affect the results.

For the further testing of Barnhoft, we did not recruit a completely new group of
healthy children, that is, 10/35 healthy children also participated in the cognitive
interview part of this study.

Paper 111

The severity of the slips in our study was slightly less than that previously reported
in similar studies. This may have influenced our results for both the intra- and
interobserver variability.

We could not blind the radiographs to PINs because of the need for secure storage
of patient information. To compensate, the radiographs were all given a unique
number in a list that did not follow any alphabetical order or pattern according to
age, date, or sex. We also used an interval of six weeks between the radiographic
assessments.

Paper IV

Because of the limited follow-up of 36 months for each child, late complications or
surgeries were not included.

The 379 children were treated with routine care in 34 hospitals and it was not
possible to confirm clinically unstable hips with ultrasonography or MRI.

The surgical reports might not have covered all technical difficulties, such as the
use of multiple entry points for the guide wire before the implant insertion was
accomplished.
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PROMs were not used over the entire study period. The questionnaires used were
developed in Swedish for children aged 8 years and older after the inclusion period
started.

Only children with a unilateral POH were included. We used questionnaires
distributed by regular mail together with an information letter, one to the child and
one to the family. However, we advocate that questionnaires preferably be used
during a scheduled follow-up so that the child can receive an immediate response to
any pending questions and also achieve a better understanding of how the
instrument is actually used as an important part of the information collected that will
constitute the foundation of the further management of that child.
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Conclusions

e The cumulative incidence of POH in the index hip for children aged 9- 15
years in Sweden was 40.6 per 100,000 girls and 52.2 per 100,000 boys in
the period studied.

e The male-to-female ratio of 1.3:1 for POH of the index hip was lower than
previous regional data from Sweden.

e Overweight or obesity was found in 76% of the boys and in 56% of the girls
with POH in the index hip.

e The use of fixation in situ to remain as the primary treatment of choice in a
stable POH is justified.

e In an unstable POH, a very gentle reduction (without traction or forceful
inwards rotation) while positioning the child on the operating table might
be justified.

e Barnho6ft could be used in children aged 8 years and older as a simple 6-
item questionnaire to identify children with considerable pain and/or
functional limitations because of sequelae related to hip disease during
childhood.

e We found good reliability for both intra- and inter-observer measurements
for all three methods used for the assessment of the slip angle on routine
lateral hip radiographs.

e Prophylactic fixation is a safe procedure when performed using a correct
technique.

e The number of patients who developed AVN after capital realignment is of
concern.

e Joint decompression might be valuable when treating an unstable POH.
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Further research

Within the framework of the SPOQ register, we will investigate further the
following aspects of treatment for POH.

e The delay caused by health professionals before a diagnosis of POH is
established.

e QOutcomes after POH at age 18 years including PROMs.

e The possibilities for register randomized controlled trials, to evaluate
further the treatment of unstable POH and reconstructive surgery for
sequelae to POH.

e Analysis of the outcomes after a prophylactic fixation at age 18 years.

Errata

In Paper I, we described the incidence of POH in the index hip. The expression
“annual average incidence” should be replaced with “incidence rate”.

In Paper I, we reported that most children were initially examined by their general
practitioner. This is correct, but the numbers within parentheses should be 205/379.

In Paper I, we reported that: “The girls who received prophylactic surgery were
younger than girls who were scheduled for regular radiographic follow-up. We
found no such difference for the boys.” The last sentence should instead read: “We
found a similar difference for the boys”.

In Paper 11, the abbreviation for multidimensional scaling should be MDS and not
MSD.
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Abstract

Background: Slipped capital femoral epiphysis (SCFE) is the most common hip disorder in children 9-15 years old.
This is a population-based study in Sweden presenting the epidemiology for SCFE.

Methods: In a prospective cohort study, we analysed pre- and postoperative radiographs, medical records for all
children treated for SCFE in Sweden 2007-2013, demographic data, severity of slip and surgical procedures
performed.

Results: We identified 379 Swedish children with primary SCFE 2007-2013; 162 girls, median age 11.7 (7.2-154) years,
and 217 boys, median age 13 (3.8-17.7) years. The average annual incidence was 4.4/10000 for girls and 5.7/10000 for
boys 9-15 years old. Obesity or overweight was found in 56% of the girls and in 76% of the boys. As an initial symptom,
66% of the children had hip/groin pain and 12% knee pain. At first presentation, 7% of the children had bilateral SCFE.

Prophylactic fixation was performed in 43%. Of the remaining children, 21% later developed a contralateral slip.
Fixation with implants permitting further growth was used in >90% of the children. Femoral neck osteotomy was

performed for 11 hips.

Conclusions: The annual average incidence 2007-2013 in Sweden showed a mild increase for girls. The male-to-female
ratio was lower than previous regional data from Sweden. Overweight or obesity is one major characteristic for boys
with SCFE but to a less extent for girls. Knee pain as initial symptom cause a delay in diagnosis. Most hospitals in

Sweden treat <2 children annually.

Keywords: Epidemiology, Slipped capital femoral epiphysis, Incidence, Hip, Slipped upper femoral epiphysis

Background

Slipped capital femoral epiphysis (SCFE) is the most
common hip disorder in children 9-15 years old [1, 2].
The aetiology appears to be multifactorial. Identified
biomechanical factors are obesity, increased femoral
retroversion and increased physeal obliquity that all re-
sult in increased shear forces in the capital physis [3-5].
SCEE is known to be associated with endocrine disor-
ders, e.g. hypothyroidism, hypogonadism, and hypopitu-
itarism [6—8]. Children with renal failure osteodystrophy
[9] or children who have acquired radiation therapy to
the pelvis [10, 11] are also known to have a higher risk
to develop SCFE.
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SCEE is a separation between the epiphysis and the
metaphysis of the proximal femur. The epiphysis remains
in the acetabulum while the femur usually rotates out-
wards and in extension [12, 13]. The duration of symptoms
is correlated with increased severity of the slip [14—20]. A
more severe slip is associated with increased pain and a
further limitation in the range of motion [18, 21, 22].
Epidemiological data for SCFE from different countries
have been presented, but only a few are based on a total
national population [2, 23-26]. The incidence reported is
related to ethnicity and sex. A seasonal variation has also
been described but with uncertainty concerning the role in
the ethiology of SCFE [2, 27-32]. A male-to-female ratio
between 1.1:1 and up to 4.1:1 has been reported [1, 2, 23,
25, 28, 33, 34]. Previous reports with a total national popu-
lation are based on data from national registers, e.g. Kids’
Inpatient database in the USA [2] or the national hospital
registration system of The Netherlands [23].
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The aim of this study was to describe the epidemiology
for SCFE in Sweden and to identify the demographic
characteristics of children, type and degree of SCFE, and
the surgical procedures performed.

We hypothesized that: (1) there is a difference in inci-
dence between boys and girls, (2) knee pain as presenting
symptom will cause a difference compared to hip/groin
pain when you compare to what extent an acute hip
disorder would be suspected at the first health care con-
tact, (3) age at diagnosis has not changed compared to
previous regional epidemiological data from Sweden, and
(4) overweight or obesity are predominating characteris-
tics for children with SCFE in Sweden.

Methods

This is a prospective cohort study of the total population
of children treated for SCFE of the index hip in Sweden
2007-2013. All children were consecutively reported to
a national quality register with one of the authors (BH)
as director.

Inclusion criteria were: children living in Sweden, regis-
tered in the Swedish Population Register with a Swedish
personal identity number, with SCFE in the index hip
during the study period. Exclusion criteria were: SCFE
because of high energy trauma or septic coxitis.

All children treated for SCFE were admitted to hos-
pital for primary treatment. For control purpose of the
completeness achieved in this study we were retrospect-
ively provided with individual-based data from the
Swedish National Board of Health and Welfare, and
compared our database with the Swedish National
Patient Register. All hospitals are directed by Swedish
regulations to register all admissions with codes for diag-
nosis (WHO classification ICD-10) and treatment codes
according to the NOMESCO - NCSP classification of
surgical procedures (NOMESCO - Nordic Medico-
Statistical Committee, NCSP - Nordic classification of
surgical procedures). All hospitals that treated SCFE in
Sweden participated.

Population data was collected through official statistics
for Sweden (Statistics Sweden). The number of children
9-15 years old with a Swedish personal identity number
was slightly higher for both girls and boys at the beginning
of the study period, see Table 1. For that reason, we chose
to use the average population of children 9-15 years old
as the average population at risk when calculating the
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average annual incidence for SCFE during the study
period. We excluded the five girls <9 years old and the
boy of 3.8 years together with the four boys >16 years old
when calculating the average annual incidence.

Medical records together with pre- and postoperative
radiographs were obtained for all patients and were
analysed consecutively. Missing data were completed by
contact with the hospital involved or the family. A
follow-up was made after 24 months through an
assigned contact person in each hospital to identify any
additional surgery performed for SCFE on the contra-
lateral hip.

From the medical records, we obtained information
about: sex, place of residence, type of initial symptoms,
initial health care provider, duration of symptoms, age at
diagnosis, whether the SCFE was acute or not, type of sur-
gical treatment, reduction manoeuvres applied [35-38],
implant used and whether prophylactic surgery was per-
formed on the contralateral hip. For osteotomies, we re-
corded whether a capital realignment procedure [39-41]
was performed, with or without surgical dislocation of the
hip [40]. Other specific surgical treatment methods regis-
tered were open reduction and internal fixation according
to Parsch [42] and whether joint aspiration [43, 44] was
performed for unstable SCFE.

The medical records revealed that height and weight
were not routinely measured in the paediatric depart-
ments and therefore not reported to us. We then retro-
spectively asked the families for an additional informed
consent to be signed to be able to obtain the growth
curves from the school health nurse. We accepted a
value for age adjusted BMI according to Karlberg 2001
[45] within 12 months before or after the primary sur-
gery was performed for the index hip.

For both the analysis of the duration of symptoms and
initial health care provider, we used the history that was
presented on hospital admission for primary surgery for
SCEE. The total duration of symptoms, ie. time from
initial presenting symptom until primary surgery was
performed, was calculated in months. Surgery performed
on the first day with symptoms was equal to 0 months;
>1 day, but <1 week was equal to 0.25 months; >1 week,
but <2 weeks was equal to 0.50 months; >2 weeks, but
<3 weeks was equal to 0.75 months and so forth.

For the analysis of seasonal variation we excluded the
children with >24 months duration of symptoms [30].

Table 1 Number of girls and boys, 9-15 years old, living in Sweden in 2007-2013

Year 2007 2008 2009 2010 2011 2012 2013 2007-2013
average
Girls 386,372 371,151 357,163 346,664 337,959 336,135 339,852 353,614
Boys 406,293 390,426 375523 365425 357,094 354,890 359,177 372,690
Total 792,665 761,577 732,686 712,089 695,053 691,025 699,029 726,304
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In children with bilateral SCFE at primary admission
the index hip was the one with the longest duration of
symptoms. When the duration of symptoms was equal
for both hips, we designated the hip with the largest slip
angle to be the hip with primary SCFE. For bilateral
cases, only the data for the index hip were used except
when comparing the parameters for the first and second
slipped capital femoral epiphysis [1].

The radiographic analysis included measurement of
the slip angle on a Lauenstein view using the calcar
femorale method [46] (Fig. 1). If a Billing lateral view
was obtained the Billing method [47] was used (Fig. 2).
For both these methods a minimum slip angle of 13" was
required for diagnosis [12, 46, 48]. If no lateral view was
obtained, because of an unstable SCFE [49], the Southwick
head-shaft angle HSA [50] on the anteroposterior (AP)
view was used. There is no cut off value described for
SCEE in the literature using the HSA in the AP view. We,
therefore, used the following criteria: HSA on an AP view
of <110° together with a broken Klein’s line [51, 52] and
clinical findings/symptoms of a hip disease, e.g. limping or
groin/hip pain.

Hips with a slip angle of 13° to <30° were classified as
mild, 30° to <50° as moderate, and >50° as severe [12, 17,
53, 54]. HSA of <110° on AP view was classified as severe.

A valgus SCFE was defined as a superior/lateral and
posterior displacement of the proximal femoral epiphysis
in relation to the femoral neck with an increased promin-
ence of the lateral femoral epiphysis in relation to the lat-
eral femoral neck (Klein’s line) on an anteroposterior
view. For a unilateral valgus SCFE an increased HSA was
also noted compared to the contralateral hip [55, 56].
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The clinical classification described by Loder et al. [49]
was used where the SCFE was either stable or unstable
(not being able to ambulate with two crutches). Informa-
tion from the medical records on admission to the hos-
pital or from the description of the surgical procedure
performed was used for the clinical classification.

All statistical analyses were performed using SPSS
Statistics for Windows (version 22.0; IBM Corp, Armonk,
NY). Continuous data were reported as the median with
minimum and maximum values. Discrete data were
reported as frequencies and/or percentages. For nonpara-
metric tests between two independent groups we used a
Mann-Whitney U-test. To compare proportions between
two independent groups we used a cross-table and a chi-
square test. A comparison of the Mann-Whitney U and
chi-square tests was made using a Fischer exact test that
found identical results.

Results

The annual average incidence

A total of 379 Swedish children with primary SCFE in
2007-2013 were identified. Of these, 35 were retro-
spectively identified through the Swedish National Patient
Register. The average number of children 9-15 years old
in Sweden in 2007-2013 was 726,304 (353,614 girls and
372,690 boys). Calculating the average annual incidence
for children 9-15 years old we excluded the five girls
and the one boy <9 years old together with the four
boys 216 years old. The average annual incidence of
SCFE was 4.4 per 10,000 girls and 5.7 per 10,000
boys 9-15 years old.

Slip angle using the Calcar Femorale (cf)
- Lauenstein view

1. Identify the calcar femorale and the
lesser trochanter@.

2. From the level of the lesser trochanter
draw a Iine@three cm in a proximal
direction parallell to the calcar
femorale (“O till 3” in the small figure).

3. Extend a Iine®parallell to line 2 up
through the femoral neck.

4. Define a Iine@through the physeal
anterior and posterior margins.

5. Drawa line @perpendicular to line
4.

6. Slip angle@ (“v” in the small figure).

Fig. 1 The slip angle measured according to the calcar femorale method (Hansson et al)'. 'Permission has been obtained to use the figure from

Hansson et al. 1988

Permission granted for reproduction of Figure 2

Acta Orthop Scand 1988;59(2): 135.
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Billing — lateral view
Measure the slip angle following the steps below.

Fig. 2 The slip angle measured according to the Billing method (Billing et

Draw a @Iine along the anterior cortex of the
proximal femur. Extend the line up through the
femoral head and neck.

Draw a Iine@ along the anterior border of the
femoral neck.
Draw the bisector@ toline 1 and 2.

Define a Iine@through the physeal anterior
and posterior margins.

Draw a Iine@ perpendicular to line 3.

. The slip angle@ is the angle between line 4
and 5.

al)

Primary SCFE

The median age at diagnosis for the 162 girls was 11.7
(7.2-15.4) with a mean of 11.6 years and for the 217
boys, it was 13.0 (3.8-17.7) with a mean of 12.9 years
(Fig. 3). The youngest boy (3.8 years old) had a comor-
bidity of microcephaly together with cerebral palsy.

Age-adjusted body mass index

We obtained data for 131 of the 162 girls and for 176 of
the 217 boys i.e. for 81% of the cohort population. For
the girls 74 of 131 (56%) and for the boys 133 of 176
(76%) were overweight or obese.

Symptoms and duration (missing data, n = 4)

Most children had hip/groin pain as an initial symptom,
but mixed symptoms and knee pain were also frequent.
The median duration from onset of symptoms until
diagnosis of SCFE was 2 months (0 to 48 months;
missing data, n = 5). For the 44 children (15 girls
and 29 boys) with knee pain as the main symptom,
the median duration was 4 months (0.5 to 18 months)
whereas for the 250 children with hip/groin pain as
main symptom the median duration was 2 months
(0.25 to 48 months). The difference in median dur-
ation of symptoms between knee and hip/groin pain
as an initial symptom was statistically significant for

70
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|- I |
6 7 8 9 10
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50
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Fig. 3 Age distribution
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the whole population (p = 0.004) but when the same ana-
lysis was made for boys and girls separately the difference
was only statistically significant for boys (p = 0.004).

Initial health care provider (missing data, n = 4)

Most children (250/379) were initially examined by their
general practitioner. Eighty-five children were seen at
the emergency care room in a hospital initially. The
remaining children were primarily seen in an outpatient
setting either by a paediatrician, a physician in school
health or by a physiotherapist or a chiropractor/naprapath.
For 247 of the 379 children (65%), a hip disorder was sus-
pected with referral for a radiographic hip examination at
first presentation to a health care provider. Of the 44 chil-
dren with knee pain as their main symptom, 12 (27%) were
sent for a radiographic hip examination at first consult-
ation. Of the 250 children with hip or groin pain as their
main symptom, 180 (72%) were sent for a radiographic hip
examination at first consultation. There was a statistically
significant difference between the proportion of children
with knee pain that were sent for a radiographic hip exam-
ination compared with children with hip/groin pain as an
initial symptom (p = 0.033).

Duration of symptoms and slip severity
The severity of the slip was associated with an increase
in median duration of symptoms (Fig. 4).

Of the 89 severe slips; 36 were in girls with a median
age of 12 (9-15) years, 53 were in boys with a median
age of 13 (10-16) years.

Of the 125 moderate slips; 66 were in girls with a me-
dian age of 12 (8—14) years, 59 were in boys with a median
age of 13 (9-16) years. Two slips were in valgus SCFE.
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Of the 165 mild slips: 60 were in girls with a median
age of 11 (7-15) years, 105 were in boys with a median
age of 12 (4—17) years. Two slips were in valgus SCFE.

Seasonal variation

The month of onset of symptoms was used to describe
the seasonal variation of SCFE (Fig 5). Four children
were excluded due to duration of symptom >24 months.

Urban/rural location

One child had a protected residence and two children
temporarily resided in an urban area but it was not pos-
sible to find any information for their ordinary place of
domicile. For 64% of the children an urban area and for
35% a rural area was found for their place of domicile.
Using the same definition of rural area, ie. <5000
inhabitants, according to Statistics Sweden 26% of
children (0-19 years old) lived in a rural area during
the study period.

Co-morbidity
In Table 2 the associated disorders are listed.

Age adjusted body mass index

Data was available for 81% of the cohort population con-
cerning age-adjusted Body Mass Index. For the boys
76% and for the girls 56% were either obese or had
overweight.

Surgical procedure and implants

The implants that were chosen and the surgical proce-
dures performed are presented in Table 3. All mild and
moderate slips were treated with a screw or pin fixation.
Screws and pins were predominantly inserted using a per-
cutaneous approach. Fixation with an implant permitting

Duration of symptoms in months

Mild slip

Fig. 4 Severity of the slip in relation to duration of symptoms (missing data, n = 5). 'Outliers with duration of symptoms >24 months:. Mild

(n = 1). Moderate (n = 1). Severe (n = 2)

Moderate slip

Severe slip
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further growth of the femoral neck, e.g. Hansson hook pin
(Fig. 6) or a screw with an extra short thread length, was
used for >90% of the patients for both surgery for the
index hip and when prophylactic pinning was per-
formed. Twelve of these percutaneous procedures for
the index hip had to be extended to a more invasive
surgical approach because of difficulties in finding the
correct entry point.

Unstable SCFE

Sixty hips were unstable at surgery: 40 of these were
severe, and 20 were mild or moderate slips (one of these
was a valgus SCFE). Two of the 60 unstable SCFE had

Table 2 Co-morbidity

Disorder Number
Neurocognitive disorder (ADD, ADHD, Autism) 15
Thyroid insufficiency 2
Down's syndrome 2

Other chromosome abnormalities 3
Hypopituitarism 1

Early onset of puberty 1
Late onset of puberty 1
Adrenoleukodystrophy 1
Short stature (treated with growth hormone) 1
Vitamin D deficiency 1
Diabetes mellitus 1
Osteopetrosis 1
Marfan's syndrome 1
Cerebral palsy (with concomitant microcephaly) 1
Embryonal rhabdomyosarcoma (irradiation to pelvic area) 1

Fibrous dysplasia of proximal femur 1

an open reduction with internal fixation, and three had a
capital realignment procedure with a surgical dislocation
performed, all with a severe SCFE.

Fifty-five of the 60 unstable slips were treated with
internal fixation without open reduction.

For 31 of the 55 unstable slips treated without an open
reduction, an intentional closed reduction manoeuvre was
also performed. Nine of these had a mild or moderate slip,
whereas 22 had a severe slip.

For 7 of the 55 unstable SCFE treated without an open
reduction a joint aspiration was performed.

The contralateral hip

The study population is described in Fig. 7. A total of 27
children had bilateral SCFE at initial presentation.
Prophylactic fixation was performed in 151 of the
remaining 352 children (43%). For the 43 children with a
later slip in the contralateral hip we observed a mean
interval of 10.8 months between surgery for the index
and the contralateral hip. Apart from an outlier with
59.8 months’ interval, the second largest interval was
24 months. The child with only a 0.5-month interval
had no symptoms but had a lateral view radiograph
analysed during the first admission. This child was then
re-admitted only after 2 weeks, now with symptoms
from the contralateral hip and with a contralateral SCFE
diagnosed. Twelve of the 43 contralateral slips were
diagnosed more than 1 year after the index slip.

For the 156 children with no contralateral hip affection
during the follow-up we had a mean follow-up of
30.6 months and a median of 26.9 months (6.5-93 months).
Ninety five children had 24 months or more follow-up
for their second hip. Forty six children were followed
for their second hip between 12 and 24 months. The 15
children that were followed for their second hip less
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Table 3 Method of treatment related to severity of SCFE
Surgical treatment Mild Moderate Severe Total
Hansson hook pin 96 71 38 205
Cannulated screw with extra® short thread length 58 43 32 133
Cannulated screw with short® thread length 10 10 4 24
Multiple cannulated screws (diameter < 6 mm) - 1 - 1
Multiple pins (diameter < 3 mm) 1 - 2 3
Capital realignment procedure with surgical dislocation of the hip - - 8 8
Capital realignment procedure without surgical dislocation of the hip - - 3 3
Open reduction and fixation without surgical dislocation of the hip (Parsch) - - 2 2
Total 165 125 89 379

2Specially designed screws with extra short thread length that will allow further growth of the femoral neck

bOrdinary short thread length i.e. approximately 16 mm

than 12 months all had a radiographically confirmed
closure of the capital physis.

The boy who emigrated did so within 6 weeks after
surgery for the index hip. Another boy died 22 months’
post index hip surgery.

The median age at surgery for the girls in this group
was 11.2 (7.2-15.1) years and for the boys, it was 13.0
(9.5-17.7) years.

Among the 201 children treated without prophylactic
surgery 43 (21%) later developed SCFE in the contralat-
eral hip within the follow-up time of 24 months. For the
group of 201 children treated without prophylactic sur-
gery, the median age when diagnosed with SCFE in the
index hip for the girls was 12.1 (8.4—14.7) years and for
the boys it was 13.4 (3.8—16.7) years.

After two years

Fig. 6 Implant for fixation that will allow for further growth of the
femoral neck (Hansson pin)

Hospitals

When the study period started in 2007 there were 39
hospitals in Sweden that treated children with SCFE.
During the study period, five hospitals changed their
treatment protocol and referred children with SCFE for
surgical treatment. Between 2007 and 2013 there were
20 hospitals that on average treated >1 child with SCFE
per year, four of these on average treated >2 children per
year, and three treated on average > 3 children per year.

Discussion

To our knowledge, this is the first prospective cohort
study that describes the epidemiology for SCFE based on
a total national population. It was possible to reach
100% completeness using the definition: the proportion
of all children treated for SCFE that were registered in
the population covered by the Swedish National Patient
Register (NPR). The Swedish NPR database does not
allow for the assessment of bilateral disease and cannot
discriminate between first-time admission for the treat-
ment of SCFE versus readmission for complications,
hardware removal, or contralateral disease.

A thorough retrospective comparison for personal
identity numbers registered in NPR with surgery per-
formed for SCFE and the corresponding medical records
was made where we found 35 children that were initially
not reported but that could be retrospectively included
after informed consent was obtained.

The median age at diagnosis was similar to that
reported previously from Southern Sweden 1960-1969
[28] and Gothenburg, Sweden, 1946-1992 [12]. Dur-
ing the twentieth century, a gradual decrease in age
at onset of SCFE was seen, but this trend has now
stopped [57, 58].

In this study, the male-to-female ratio was 1.3:1.
Previous reports have shown a ratio with variations
from 1.1:1 up to 4.1:1 [1, 2, 23, 25, 28, 33, 34], but
the difference between boys and girls has gradually
levelled out with time.
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379 children
162 girls -217 boys

7

7

27 children
Primary bilateral SCFE
11 girls -16 boys.

]

201 children
Contralateral hip observed
85 girls -116 boys

l

AN

151 children
Prophylactic fixation
66 girls -85 boys

43 children

SCFE in contralateral hip
within 24 months

23 girls -20 boys

156 children
No contralateral SCFE
median follow-up
26.9(6.5-93) months
62 girls -94 boys

2 children
Lost to f/u

1 boy died
1 boy emigrated

Fig. 7 Study population

We managed to obtain figures for 81% of the cohort
population concerning age-adjusted Body Mass Index
(BMI). For the boys 76% had overweight or were obese
whereas for the girls this was only true for 56%. In a
recent population-based study in Sweden it was found
that 17% of boys and 18% of girls 15 years old had over-
weight or were obese [59]. The increase in incidence for
SCEFE has been proposed in Scotland to be linked to an
increase in BMI among children [60]. We had 43% girls
in this population-based study for SCFE of the index hip
and we believe that overweight or obesity should still be
considered as a major characteristic for boys but not
necessarily for girls. This will be important information
to distribute to all professions who primarily attend chil-
dren with hip or knee pain.

The average annual incidence calculated in this study
was for children that were 9-15 years old in Sweden
during the period 2007-2013. It is difficult to compare
reports of incidence of SCFE because the disorder is
related to ethnicity [1]. Other authors have used differ-
ent methods to present the incidence rate: (1) attack rate
calculated as the sum of annual incidence rate for every
age group (7-17 years) over the age group of risk [12],
(2) incidence rates for children aged >9 to <16 with
combined data for 2 years [2], (3) overall incidence for
children aged 7-18 years during a 12-year period in rela-
tion to the total number of children of those age groups
during 1 year in the middle of the study period [61], (4)
the total number of surgical procedures for SCFE over
13 years for children between 5 and 19 years related to
the average number of boys and girls in that age cohort
during the study period [23], (5) annual age-specific inci-
dence rates calculated as the number of new cases of
SCEE per 100,000 paediatric population (aged 9-16 years,
inclusive) [22] or (6) incidence of the number of patients
born in the same year related to the number of births
during that year [28]. Despite the various methods used

to calculate incidence, if we compare our data with
the incidence previously reported from Southern
Sweden [28], 6.1/10000 living born for boys and 3.0/
10000 living born for girls, there seems to be an in-
crease in incidence for girls, but not for boys. We
have no explanation for this.

The severity of the slip was correlated with the dur-
ation of symptoms [14—18]. The 44 children with knee
pain as presenting symptom had a 2 months longer me-
dian duration of symptoms until diagnosis compared
with children having initial hip/groin pain. The children
with knee pain also had a lower rate of referral for a
radiographic hip examination at the initial health care
contact than the children with hip/groin pain [62].

We used the clinical classification according to
Loder [49] for the stability of the capital physis be-
cause this did not require any new preoperative diag-
nostic methods to be implemented. When this study
was initiated in 2007 this classification was widely
accepted [37, 42, 63-67] but there are reports that
argue against this classification because even within
this group the degree of stability of the physis has
been shown to vary [41, 68-72].

There was a minor peak of incidence during our sum-
mer (Jun-Aug) and the lowest incidence was found in
the winter (Jan-Mar) but the explanation for this
remains uncertain [27-30].

Concerning the co-morbidity issue, the most com-
mon diagnosis in this study was neuropsychiatric dis-
orders (15 of 379). These children might have a
different risk behaviour in recreational activities that
could contribute to this situation [73]. All children
below 2 years in Sweden are routinely offered supple-
mentary Vitamin D and parents are encouraged to
allow their children to be exposed to the sun that
might explain our very low number of co-existing
Vitamin D deficiency in this cohort.
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Most children were treated with a percutaneous method
using an implant that will allow further growth of the fem-
oral neck [74]. Only 11 capital realignment procedures
were performed in Sweden during 2007-2013 as primary
treatment for SCFE in the index hip. There are different
treatment protocols for unstable SCFE where an
intentional closed reduction manoeuvre was used for
31/55 children, but joint aspiration of the hip in an
unstable SCFE with the attempt to further reduce the
intracapsular pressure [43, 44, 75] was only used for 5/55.

In the present study, 43% of the contralateral hips had
a prophylactic fixation performed. The rationale for a
programme where prophylactic fixation is always per-
formed is controversial [76—84] except for children with
metabolic or endocrine disorders [6, 9] and for the very
young [85, 86]. Most hospitals in Sweden where prophy-
lactic fixation is not routinely performed have a follow-
up programme with repeat radiographic examinations of
both hips until physeal closure of the proximal femur
has occurred. The girls who received prophylactic surgery
on the contralateral hip were younger (median age
11.2 years) than girls who were scheduled for regular
radiographic follow-up (median age 12.1 years). We found
no such difference for the boys. Menarche might be used
in some hospitals as a cut-off point for the girls after which
routine prophylactic fixation is not performed, whereas for
the boys there is no such clear pubertal start point.

Loder et al. [87] reported that 80-90% of later SCFE
in the contralateral hip developed within 18 months. We
chose to follow up 24 months after the index hip was
treated. Studies with follow-up into adulthood report the
incidence of bilaterality to be as high as 63% [23, 24, 76,
77, 81, 87-94]. We advocate that all children, who have
not undergone prophylactic surgery, should be sched-
uled for regular radiographic follow-up until closure of
the capital physis.

The number of hospitals in Sweden treating SCFE has
decreased from 39 to 34 since January 2007. Only three
hospitals treat on average > 3 children per year for SCFE
in the index hip. Sweden has areas that are not so
densely populated and a referral to an orthopaedic
centre with more experience of surgical treatment in
paediatric orthopaedics might not be appropriate for all
children with a stable mild or moderate SCFE. Continu-
ous education will be of utmost importance for surgeons
in hospitals that annually receive a low volume of chil-
dren with SCFE. Probably children with a severe and/or
unstable SCFE should be considered for a referral to a
paediatric orthopaedic centre.

Limitations

The children included in this study were followed for
24 months for any contralateral slip, but not all were
followed until closure of the capital physis. A small
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number of hospitals followed their paediatric patients
with regular radiographs routinely for only 12 months
postoperatively, thus the true incidence of bilateral
involvement might have been slightly underestimated.

In the analysis for the duration of symptoms in
months, we were not able to separate the duration of
patient’s delay versus doctor’s delay.

For the analysis of initial health care provider and the
rate of referral for a diagnostic hip examination, we were
not able to collect all medical records from outpatient
visits prior to the primary surgery for SCFE at various
health care providers. We used the history that was pre-
sented on hospital admission for primary surgery for SCFE.

Children in this cohort study might have had their
surgery for SCFE in the index hip performed abroad dur-
ing a vacation. They have therefore not automatically been
included in this study. To our knowledge, only one child
with a Swedish personal identity number during the study
period was followed up in Sweden after such an event.
There were no children treated for their second hip during
the study period where the index hip had been treated
before the family immigrated to Sweden. Families with
children prone to develop SCFE might have emigrated
during the study period, but only one child with SCFE in
the index hip during the study period emigrated during
the follow-up of 24 months for a contralateral slip.

Conclusion

The average annual incidence of SCFE was 4.4 per
10,000 girls and 5.7 per 10,000 boys 9-15 years old.
Most children were treated with percutaneous pin or
screw fixation with an implant that would allow further
growth of the femoral neck. Prophylactic fixation of the
contralateral hip was performed in 43% of the children.
Overweight or obesity is one major characteristic for
boys with SCFE but to a less extent for girls. Knee pain
as initial symptom cause a delay in diagnosis.

We recommend that all hospitals, where prophylactic
surgery is not advocated for the contralateral hip, should
implement a programme that includes regular radio-
graphic follow-up until the closure of the proximal
femoral physis has been verified. The number of hospi-
tals that perform surgery for SCFE has been reduced,
but still most of the hospitals in Sweden treat less than
two children per year.
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Abstract

Background: Health-related quality of life instruments, both general and more disease specific, would ideally be
included in the evaluation of outcome in paediatric orthopaedics. The aim of this study was to translate and
culturally adapt an instrument measuring hip function and pain for Swedish children 8-15 years old with a hip
disorder.

Methods: Translation of an established questionnaire for hip disorder in children, CHOHES, was performed and
called Barnhoft. Retrospective and cognitive debriefing interviews were conducted with 15 healthy children to test
for the comprehensibility of the instrument. Children with slipped capital femoral epiphysis (n = 25) and healthy
children

(n=35) participated in further testing through test-retest and with the comparison of answers given in a general
health-related quality of life test, EQ-5D-Y (www.euroqol.org). A multi-professional expert committee supervised the
process and judged the content validity.

Results: The test-retest method with a weighted Cohen’s kappa showed a good stability of the instrument. The
construct validity for the pain domain (1-item) in EQ-5D-Y compared to the pain domain in Barnhoft showed a
Spearman’s correlation coefficient of 0.73. The degree of hip pain in Barnhoft was also compared with the item

“doing usual activities” in EQ-5D-Y with a Spearman’s correlation coefficient of 0.67.

Conclusion: Barnhoft could be used as a simple 6-item questionnaire to identify children with pain and/or
functional limitations due to sequelae related to a hip disease in childhood.

Keywords: Questionnaire, Children, Hip disease, Health status, Quality of life

Background

Children with disorders affecting the hip are primarily
seen by school health personnel, physiotherapists, paedi-
atricians or paediatric orthopaedic surgeons. Limp,
reduced range of motion together with pain are often
found during the clinical assessment. Our knowledge
about the natural history for disorders like slipped
capital femoral epiphysis (SCFE), Perthe’s disease and
developmental dysplasia of the hip (DDH) together with
long-term outcome after treatment has increased a lot
during the last 50 years even though the aetiology has
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remained unclear [1-3]. The evaluation of treatment in
paediatric orthopaedics has usually focused on assess-
ment of morbidity based on clinical examination and
radiographic outcome. However, outcome focusing on
the impact of a disease on everyday life may be as im-
portant as the clinical findings and the radiographic ap-
pearance. The concept of health-related quality of life
(HRQOL) is multidimensional and the goal is to capture
the individual sense of well-being including physical,
psychological, social, emotional and behavioural aspects
[4]. To be able to more thoroughly evaluate surgical
and/or medical treatment offered to children with hip
specific disorders there is a need for data with both gen-
eral and more disease specific health-related quality of
life instruments to include various aspects of the impact
of the disease [5].
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In the literature, only one hip specific questionnaire
has been validated for children [6] although several
scores, designed and validated for adults, have been used
in publications also for the paediatric population. The
Children’s Hospital Oakland Hip Evaluation Scale
(CHOHES), originally developed by Aguilar et al. in
Oakland, California [7], was found to be suitable for our
purpose. It was primarily designed for hip function
evaluation in children with sickle-cell disease with the
development of avascular necrosis of the femoral head
due to the disease. The score was developed based on
the Harris Hip Score for adults [8]. It was validated to
use for children from 8 years of age and shown to have
both good reliability and validity. The questionnaire has
later also been used in England, UK, for the evaluation
of hip function in children with osteonecrosis of the
femoral head secondary to treatment for developmental
dysplasia of the hip [9].

The aim of this study was to establish an instrument
in Swedish for children 8-15 years old measuring hip
function and pain in children diagnosed with a hip dis-
order based on the work of Aguilar et al. [7]. A cultural
adaptation process together with tests for reliability and
validity would then be required and the instrument pos-
sible to send by mail.

Methods

Study participants

Healthy children (i.e. children without any known hip
disorder) and children with SCFE participated in the
procedure of cultural adaptation and validation. We
chose 35 healthy children, 8-15 years old, for this study
through organisations offering various weekly organized
sport activities within the city of Jonkoping, Sweden.
Both the children and at least one parent/guardian gave
their informed consent to participate.

The original developer of the instrument used 26 chil-
dren with a hip disorder [7]. We chose the same number
of healthy children where all but one accepted to partici-
pate. Twenty-five children, 8-15 years old, with a hip dis-
order were included through their consecutive registration
to a Swedish national quality register for children with
SCFE with surgery performed during 2011 for the index
hip. A majority of Swedish hospitals treat less than two
children with SCFE per year [10]. Children with SCFE in
Sweden have, apart from a larger proportion of overweight
and obesity, no other known comorbidities compared to a
normal Swedish paediatric population [10]. We therefore
for practical reasons accepted to include only healthy
children in the cognitive debriefing interviews.

Psychometric instruments
EQ-5D-Y [11] was used as a general instrument for
HRQOL. The choice of instrument was based on a
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clinical interview study of a non-selected Swedish paedi-
atric population with similar age groups that would be
possible to use for comparison [12]. Our aim was to
send the questionnaires by mail with the intention of
using a general health questionnaire that did not have a
disproportionally larger number of items than the
CHOHES-instrument i.e. with the consequent risk of a
lower response rate. Permission was obtained from the
Eurocol group (www.eurocol.org) to use the Swedish
version in this study.

EQ-5D-VAS records the respondent’s self-rated health
on a 20-cm vertical, visual analogue scale with endpoints
labelled ‘the best health you can imagine’ and ‘the worst
health you can imagine’ (0-100 where 100 is the best
health). The EQ-5D-VAS [13] refer to the actual situ-
ation on that very day the instrument is answered. This
information can be used as a quantitative measure of
health as judged by the individual respondents.

The CHOHES [7] is a 100-point, 27-item question-
naire that can be divided into 3 domains: pain, function
and physical examination. The pain domain (1-item) to-
gether with the hip function domain (5-items) was used
in this study. The pain scale consists of a rating for each
hip with a maximum of 40 points. The function domain
is based on daily activities including dressing, sitting,
walking and stair climbing. This portion of the scale is
scored from O to 32 points. We had to exclude a demon-
stration by the child of functional ring sitting, step
height and ambulation, with the intention of using the
CHOHES through mailed questionnaires. Separate writ-
ten child and parental instructions were distributed.
CHOHES also includes a part with evaluation by phys-
ical examination however this was not used in our study.

Procedure of translation, cultural adaptation and validation
The development of the Swedish version of the CHOHES,
called “Barnhoft”, was performed based on the ISPOR
TCA task force principles of good practice for translation
and cultural adaptation for PRO [14], (Fig. 1).

Step 1. Preparation. Project manager together with in-
country persons in close cooperation with and after ap-
proval by the original developer to utilise their
instrument.

Step 2. Forward translation. Both translators were
aware of the concepts being examined in the question-
naire and professionally had long experience working
with a Swedish paediatric population.

Step 3. Reconciliation. This was made by the project
manager, the key in-country person and both translators.

Step 4. Back translation. We chose a conceptual style.
Both translators were blinded for the original English
version of CHOHES as well as for the two different for-
ward translations. They both had a professional experi-
ence from the medical field.
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Two independent bilingual translators with
Swedish as native language, T1 and T2

‘ Consensus forward translation, T-12

Two independent bilingual translators with
English as native language, BT1 and BT2

Multi-professional expert committe
One common translation, BT-12

15 healthy children, 8-15 years old

‘ Multi-professional expert committe

Preparation
Step |-
Forward source to target language
Step Il ‘ Reconciliation
Step IV ‘ Back translation: target to source language ‘
Step V-VI ‘ Back translation review and harmonization ‘
Step VII ‘ Retrospective and cognitive debriefing ‘
Step VIIFIX Review of cognitive debriefing and proof
reading
Step X ‘ Final report

‘ ”Barnhoft”

Fig. 1 Steps for translation and cultural adaptation

Step 5. Back translation review. Project manager to-
gether with the key in-country person based upon both
the consensus version (BT12) made by the two transla-
tors and each individual back translation (BT1 and BT2).

Step 6. Harmonization. A multi-professional expert
committee was established with a methodologist (project
manager), health professionals with experience from a
paediatric population, a language professional together
with the translators (T1, T2, BT1 and BT2 in Fig. 1).
The expert committee analysed all steps in the transla-
tion process. Decisions were made concerning semantic,
idiomatic and conceptual equivalence [15]. Face validity,
i.e. the degree to which the items of an instrument indeed
looks as though they are an adequate reflection of the
construct to be measured [16], was also implemented dur-
ing this assessment. After consolidation of all the versions
the committee developed a pre-final version of CHOHES
for field testing, called the 1st version of “Barnhoft”.

Step 7. Retrospective and cognitive debriefing. During
the test of the pre-final version we used retrospective
debriefing interviews [17] as a qualitative method to test
for understanding. This was accomplished with the as-
sistance of 15 healthy children, 8-15 years old boys and
girls with Swedish as their native language, together with
two trained researchers present. After the completion of
the questionnaire the interviewer checked for missing
data or other problems. Then the interviewer asked if
there were any items that were difficult to understand,
irrelevant or offensive and if the child had any other
comments to make in general. The questionnaire was
adjusted accordingly and thereafter again approved by
the expert committee as the 2nd version of “Barnhoft”.

Cognitive debriefing interviews [17] were then used
with an interval of 3 months with the same group of
15 healthy children. They filled out the 2nd version

of “Barnhoft”. To ensure that the meaning of the
translation was equivalent to the source a debriefing
process was performed individually. On an item-by-
item basis each participant was asked to express the
item in his or her own words which also provided in-
terpretations for items that were problematic in trans-
lation. Emphasis was put on identification of any
areas of concern in the instrument: There were no
new items developed.

The questionnaire
accordingly.

Step 8 and 9. Review of cognitive debriefing and proof
reading. This was made by the expert committee to as-
sure cultural relevance. To ensure a last quality control
step the original developer of the instrument partici-
pated in a meeting with the key in-country person where
the whole translation and cultural adaptation process
was evaluated.

Step 10. Final report. The expert committee estab-
lished the final version of Barnhoft.

was then again adjusted

Further testing

Further testing of the final version of Barnhoft was then
made with both healthy children and children with a hip
disease (Fig. 2). We used a time interval of 3 months be-
fore the instrument was again presented to the children
for this further testing period. In Group one, 10/35 were
selected among the same children that were initially in-
volved in the debriefing procedures. The reason for this
selection was to utilize the positive experience of partici-
pation from the first group of children in order to
minimize any difficulties to recruit another 25 healthy
children. We had no children that refused to participate.
For the test of the stability of the instrument, i.e. the test



Herngren et al. Journal of Patient-Reported Outcomes (2017) 1:16

Group 1 35 Swedish healthy children Test Barnhéft
8-15 years old
12/35 Swedish healthy children Re-test Barnhoft
8-15 years old
Test and re-test Barnhoft
Group 2 25 Swedish children with SCFE
8-15 years old
EQ-5D-Y

Fig. 2 Groups for validity and reliability tests

and re-test method, we chose 12 randomly selected
children from the group of 35 healthy children.

The test and re-test method was used to evaluate the
stability of the questionnaire [18] and with an equal inter-
val of 6 weeks between the first and the second test in
both groups. The intention was to keep a re-test interval
of 4 weeks [19] but due to practical reasons, e.g. school
vacation or abruptly postponed weekly sport activities, a
majority of the healthy children (Group one) answered the
re-test questionnaire after 6 weeks. The mailed question-
naires (Group two) were then distributed with the same
re-test interval of 6 weeks. For those who answered the
same questionnaire a second time after 6 weeks, an as-
sumption was made that the children were in the same
state regarding their hip when answering the question-
naire, a second time. This assumption was supported by
the fact that 90% of children who develop bilateral SCFE
do so within 18 months after the index hip was diagnosed
[20] and we chose in group two to use only children with
unilateral SCFE 24 months after the index hip was treated.
However, we could not control whether any complications
to SCFE had occurred between the first and second set of
the questionnaire was distributed.

Group one answered the Barnhoft questionnaire with
one or two researchers present to give assistance when-
ever necessary but they did not answer any general
health-related quality of life instrument for children.

Group two. From a Swedish national quality register for
children with a hip disease, slipped capital femoris epiphys
(SCFE), an invitation was sent by mail to 26 consecutively
registered children, 8-15 years old boys and girls, that had
their primary surgery performed for SCFE 24 months earl-
ier, ie. in 2011. Only children with unilateral SCFE were
invited. Data was collected through a self-administered
questionnaire. The questionnaires together with informa-
tion about the study were posted to the children with a
return-addressed and stamped envelope. We used not
more than two reminders. Information about the study
was posted separately to the caretaker stating the reason
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for this questionnaire to be sent to their child. The care-
taker was encouraged to give assistance whenever neces-
sary but the importance of receiving the experience and
opinion from the child was very much stressed. One child
did not respond to this invitation and finally 25 children
participated in both the test and re-test procedure. For
group two we also used the Swedish version of the general
child health-related quality of life instrument, EQ-5D-Y
(www.euroqol.org), during the first test but not for the re-
test. The reasons for this additional questionnaire (EQ-5D-
Y) to be used here were to; (1) compare their answers in
Barnhoft concerning pain and motion with the answers
given in EQ-5D-Y and (2) compare the answers for this
group with the answers from a general population of
Swedish children [21].

Psychometric properties

Reliability is the extent to which scores for a patient
whose problems have not changed are the same for re-
peated measurement [16]. For test of the stability we
used the test-retest method and a weighted Cohen’s
kappa analysis for ordinal data [22] together with the
percentage agreement method [18], a nonparametric
statistical test for ordinal data.

Validity. The content validity - the degree to which
the content of a health-related patient reported outcome
(HR-PRO) instrument is an adequate reflection of the
construct to be measured [16]. The relevance of items
was judged by the expert committee and the compre-
hensibility was evaluated through cognitive interviews.
Construct validity - the degree to which the scores of a
measurement are consistent with hypotheses, e.g. rela-
tionships with scores of other instruments [16], based
on the assumption that the HR-PRO instrument validly
measures the construct to be measured. This was evalu-
ated by the Spearman’s rank order correlation coefficient
[23] comparing Barnhoft domains with the correspond-
ing domains of the EQ-5D-Y questionnaire and the
Multi-Dimensional Scaling (MSD) for ordinal scales was
used to visualize to what extent the subparts within a
domain measure the same characteristics [24]. We hy-
pothesized that the pain domain of Barnhoft would have
moderate to high (0.50 to 0.80) Spearman’s rank order
correlation coefficient values with the corresponding do-
main of pain in EQ-5D-Y [25] and that the degree of
pain in Barnhoft would correlate to the score for possi-
bility of doing usual activities in EQ-5D-Y.

Patient characteristics

We analysed the severity of the disease and whether a
complication to the disease had occurred or not e.g.
avascular necrosis.
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Data analysis

All descriptive statistical analyses were performed using
SPSS Statistics for Windows (version 24.0; IBM Corp,
Armonk, NY): Multi-dimensional scaling (MDS) for ana-
lysis of categorical data [24], a weighted Cohen’s kappa
[22, 26] with confidence interval (CI) together with
percentual agreement (PA) as described by Elisabeth
Svensson for stability test of the instrument [18], and
Spearman’s rank order correlation coefficient for
construct validity test [23].

Results

General observations made during the cognitive and
retrospective debriefing interviews

The pain domain scale

During the retrospective debriefing interviews, we found
that for the children below age 11 years the term “incap-
acitating pain” was not so easily understood and there-
fore the final translation version of the questionnaire
was adjusted accordingly and changed to “So much pain
that I cannot even play or move around”.

The function domain scale

Dressing The aim was to check for any problem with
daily dressing that required a certain degree of flexion in
the hip. In the original questionnaire, the word “discom-
fort” was used. We found that the corresponding most
proper Swedish word was not a well-defined condition
for our study population. Some children had problem
with the combination of asking for “Pain, discomfort or
difficulty” in the same question. They stated that pain or
difficulty were hard to properly distinguish since pain it-
self causes difficulty. On the other hand, this did not
cause them any problem to choose the best alternative
for their answer but it gave them some minor initial
confusion when answering the question. Therefore, we
adjusted the question into “Do you have problem when
putting on or taking off socks or shoes”.

Sitting In the original version one item is formulated
“Can sit comfortably at a table or at movies”. We re-
vealed minor difficulties for the children below age
11 years to fully interpret the term. This part was ini-
tially adjusted already during the translation and back-
translation process and the Swedish version was “Can sit
comfortably at a table or in an easy chair but not on the
floor”. Still, children below age 11 years had some prob-
lem to interpret this alternative properly, especially the
word “comfortably”. Therefore, we further adjusted the
final version and changed the first alternative to “Can sit
without any problem on the floor” and the second alter-
native to “Can sit without any problem at a table or in
an easy chair but not on the floor”.
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Stair climbing The term “Stair climbing: foot over foot
without a railing” (or “with a railing”) was also a bit con-
fusing to fully understand for the same age group of
children below 11 years. In the Swedish version, the text
was translated into “Can walk with only one foot on
each step without holding (or “but must hold”) on to the
staircase banisters”. A few children reported that they
were unsure of their own routines and first had to go to
a staircase and test themselves to be sure of which alter-
native they should choose.

Cultural adaptation of language The term “mild pain”
could not be used in Swedish since that easily could be
misunderstood for something positive and therefore in
the Swedish version we instead used the term “just a lit-
tle pain”.

Missing data
All questionnaires for this study were obtained without
any missing data.

Reliability
For the stability of the instrument the test-retest method
with a weighted Cohen’s kappa with confidence interval
(CI) [22] together with percentual agreement (PA) as
described by Elisabeth Svensson [18] for group two
(children with a hip disorder) were used, see Table 1.
The 12 healthy children (group one) were too few for
such a statistical evaluation. Nevertheless, the only dif-
ference registered was that 3 of 12 children chose differ-
ent alternatives for walking capacity varying between
“unlimited” or “long distances but limited”.

Construct validity

This was only possible for group two since the healthy
children (group one) did not answer EQ-5D-Y. Spearman’s
rank order correlation coefficient was used. We compared
the answers for the pain domain (1-item) in EQ-5D-Y
with the pain domain in Barnhoft and found a Spearman’s
rank order correlation coefficient of 0.73. It was noticed
that severe pain affected the score for the function domain
in Barnhoft and we therefore compared the degree of hip
pain in Barnhoft with the item “doing usual activities” in

Table 1 Stability test of Barnhoft

Item Weighted Cohen’s Percentual
kappa agreement

Pain (v48) 0,88 (Cl 0,74-1,01) 9

Dressing (v49) 091 (C1 0,73-1,09) 99

Walking aid (v50) 1,00 (Cl 1,00-1,00) 100

Walking capacity (v52) 0,88 (Cl 0,66-1,10) 96

Sitting capacity (v53) 1,00 (CI 1,00-1,00) 100

Stair climbing (v54) 1,00 (Cl 1,00-1,00) 100
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EQ-5D-Y and found a Spearman’s rank order correlation
coefficient of 0.67. Since the questions in the function do-
main of Barnhéft did not test for the same level of func-
tion as used in EQ-5D-Y it was not possible to make a
comparison.

The number of children per item was not enough to
make a factor analysis, a test to identify the dimensions
of a test [27]. Multi-dimensional scaling (MDS) for cat-
egorical data in an ordinal scale [24, 28] was instead
used to scale health-state similarity data. This method-
ology is based on the ranking of differences between
health states combined with an associated scaling model
that transforms the individual rank data into group
values on the interval level. Information contained in a
set of data is then represented by a set of points in a
multidimensional space. We used Multi-dimensional
scaling to visualize whether certain items were more
closely related than others ie. whether the different
items under the domain function covered different as-
pects of functional capacity for the children in group
two.

In Table 1 the different variables used (v48-v54) are
listed. We found that the capacity for stair climbing
(v54) and the need for a walking aid (v50) were linked
together as were also walking (v52) and sitting (v53) cap-
acity whereas the ability to dress (v49) was found to
measure a separate functional capacity (Fig. 3).

Combining the healthy children (group one) with the
children with a hip disorder (group two) we found that
pain (v48) and the ability to dress (v49) still answered
different aspects of the health status of the children
whereas the different items for walking and sitting cap-
acity tested for the same ability to move around (Fig. 4).

Function domain (5-items)

The healthy children (group one) showed for the func-
tion domain (maximum score of 32) a median value of
32 (26-32). The children with a hip disorder (group two)

Derived Stimulus Configuration
Euclidean distance model

Dimension 2

A 1 H 3
Dimension 1

Fig. 3 Multidimensional scaling, children with SCFE (group two)
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Derived Stimulus Configuration
Euclidean distance model

vag
)

Dimension 2

A 1 2 3

Dimension 1

Fig. 4 Multidimensional scaling, all children (group one and two)

had a similar median value of 32 but with a broader
range (11-32). The child in group two with the lowest
score had neither a severe SCFE nor a complication with
avascular necrosis or chondrolysis of the femoral head
but described “incapacitating” pain. The scores for this
child did not change during the re-test situation.

Pain domain (1-item)

The children in group two (children with a hip disorder)
had a median score of 4 (1-5) with a lower quartile of
3.5 and an upper quartile of 5 whereas the healthy chil-
dren all scored 5.

The EQ-5D VAS

The results in group two (children with a hip disorder)
showed that the children scored a mean of 88 which was
equal to a Swedish general population [21].

Group comparison EQ-5D-Y (SCFE) and general
population

The Swedish EQ-5D-Y has no algorithm for evaluation
other than on an item-level. We therefore chose to com-
pare the results for EQ-5D-Y for group two (children
with a hip disorder) with the 399 Swedish children from
a general population published by Burstrom et al. [21]
and their health profiles. An estimated health profile of
at least ‘11122’ would then include most healthy children
i.e. ‘no’ problems in the dimensions ‘mobility (walking
about); ‘looking after myself’ and ‘doing usual activities’
and some or no problems in the dimensions ‘having pain
or discomfort’ and ‘feeling worried, sad or unhappy’.
This calculation showed that 375/399 (93%) of the chil-
dren in the general population compared to 17/25 (68%)
among children with SCFE reached this level of the
health profile.
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hoftleden

Fragor som galler Din hoft.

1. Hur ont har Du i Din héft

() Mycket ont (10)
() Ganska ont (20)
() Bara lite ont (30)
() Inte ont alls (40)

() For det mesta (0)
() Ibland (2)
() Aldrig (4)

() Inget (8)
() Kapp, krycka, rollator, rullstol (0)

() S4 lingt jag vill eller behéver (8/11)
() Ganska langt (7)

() Bara korta strackor utomhus (5)

() Bara inomhus (3)

() Kan inte g sjilv - behéver rullstol (0)

5. Sittande:
() Kan sitta utan problem pa golvet (5)

6.Ga i trappor:

() Kan inte gd i trappor (0)

Forklaring:

Fig. 5 Barnhoft questionnaire

\| Barnhoft

Fragor om smiirta och funktion
till barn fran 8 ars dlder
med en sjukdom som paverkar

Tank pd den hoft som du har mest ont i dd du svarar pa frigorna.
Sitt ett kryss for det svar som passar bast.

() S& ont att jag inte ens kan leka eller réra mig som jag vill (0)

2. Har Du problem med att sitta pd eller ta av strumpor eller skor

3. Hjdlpmedel som Du anvint under de senaste veckorna for att kunna gd

4. Hur langt kan du ga utan att behéva stanna for att vila

() Kan sitta utan problem vid ett bord eller i en fitélj men inte pa golvet (3)
() Kan inte sitta i mer dn ett par minuter utan att beh6va andra stéllning (0)

() Kan g med bara en fot p varje trappsteg, utan att halla i trappricket (4)
() Kan g med bara en fot pa varje trappsteg, men maste hdlla i trappricket (2)
() Maste gd med bada fétterna pd varje trappsteg (1)

Frdga 4: 11 poing forutsitter gdende utan gi-hjilpmedel, annars 8 poang max.

Barnhéft

Discussion

A hip specific questionnaire for children from age 8,
Barnhoft, is now available in Swedish. The original
CHOHES was used for children from age 8 years where
they had a physiotherapist guiding the children through
the questions while attending a re-visit in the hospital
out-patient department. It is our experience that the
questionnaire “Barnhoft” can be sent as a postal letter
with a paper format questionnaire to the participant but
with the recommendation that a parent/caretaker or a
close relative should be giving assistance, especially for
the children below 11 years of age.

The pain domain in Barnhoft showed a different result
between healthy children (group one) and children with
SCEE (group two), i.e. as one would have expected.

The children in group two (SCEFE) were for the hip
function domain comparable to children in the original
publication by Aguilar et al. [7] with children with
sickle-cell disease without any apparent avascular necro-
sis of the hip. We also compared children with SCFE
with children with developmental dysplasia of the hip
(DDH) as described by Roposch et al. [9]. We found that
children with SCEFE, following the score of the function
domain, were comparable to children with DDH with
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secondary avascular necrosis grade I-II as described by
Bucholtz-Ogden [29] whereas for pain the scores were
comparable with grade III-IV.

We chose to follow the ISPOR task force principles of
good practice for translation and cultural adaptation of
PRO [14]. The need to strictly follow this sometimes
costly and time-consuming methodology has been ques-
tioned [30, 31]. Epstein et al. [32] have recently stated
that an expert committee is much more valuable than
the procedure where back translation is included.

The original developer of the instrument [7] only in-
cluded three healthy children together with 40 children
with sickle-cell disease though not all of them with evi-
dence of avascular necrosis of the hip.

In the article by Aguilar [7] both the pain and the func-
tion domain quartiles showed evidence of a ceiling effect
for all children tested which was not shown when used by
Roposch et al. [9] for children with avascular necrosis due
to hip dysplasia. “Barnhoft” or CHOHES was never
intended to be an instrument useful for healthy children so
the ceiling effect seen for healthy children was expected.

When we compared the results for EQ-5D-Y with a
general population (16) the calculation showed that ap-
proximately 70% of children with SCFE reached the
health profile level compared to more than 90% of chil-
dren in the general population. These results indicate
that reduced hip function influences quality of life in the
everyday life of children diagnosed with SCFE.

Conclusion

To our knowledge, this is the only validated instrument
in Swedish that assess the health status in children with
a hip disorder from age 8. We would argue that the
combination of a general HRQOL instrument with the
6-item hip specific instrument Barnhoft would be able
to identify children with a hip disorder that have an im-
paired health status due to either pain, functional limita-
tions or a combination of the two.

Limitations
Content validity was not evaluated by the original devel-
oper using any qualitative analysis. The adult Harris Hip
Score was their source when identifying items to be used for
children. Face validity by experts was then used when the
CHOHES items were finally established. In our study we
made the assumption, based on epidemiological data [10],
that children with SCFE were comparable to “hip-healthy”
children concerning their comprehensibility of Barnhoft.
For children in Group two (one hip affected by SCFE)
the questionnaires were distributed and answers col-
lected by mail. In spite of written instructions, to both
the child and the caretaker, we could not control for any
possible caretaker bias.
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Responsiveness — the ability of an instrument to detect
change over time in the construct to be measured [16] was
evaluated by the original developer but not in this study.

Interpretability — the degree to which one can assign
clinical or commonly understood connotations to an in-
strument’s quantitative scores or change in scores [16]
was not analysed in this study.

Criterion validity — the degree to which the scores of a
measurement instrument constitute an adequate reflec-
tion of a gold standard [16] was not possible to evaluate
due to the lack of such standard.

We used no independent measure of clinical status be-
fore the first and second presentation of the instrument
to the children. We assumed that the children with
SCFE who answered the test a second time (re-test) had
an unchanged health status compared to when they were
first exposed to the instrument. The healthy children
(group one) were asked about any change in their health
and functional status before presented to the re-test situ-
ation but this was unfortunately not possible to evaluate
for the children in group two.

We did not recruit a completely new group of healthy
children for the further testing of Barnhoft ie. 10/35
healthy children also participated in the cognitive inter-
viewing part of this study.

The healthy children in our study did not fill in the
forms for EQ-5D-Y so we were not able to evaluate if
they were giving similar answers as healthy children in a
general population [21].

For the reliability test, ie. the test of the stability of
the instrument, we chose to randomly select only 12 of
the 35 healthy children in Group one. This is a small
sample size which might affect the results. However, in
the original study only three healthy children partici-
pated together with 14 children with sickle-cell disease
but without known affection of the hips [7].

For group two (children with a hip disorder) we made
no analysis whether the literacy among the participants
was adequate to their age [33].

There is no other Swedish disease or hip specific
questionnaire available to compare the results for
“Barnhoft”. The “Barnhoft” 6-item score (Fig. 5)
therefore needs to be further evaluated in a larger
series of children with a hip specific disorder. to con-
firm the capacity to reflect the true level of pain and
functional limitations for these children in relation to
the severity of their disorder.
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Background and purpose — The decision on and the outcome
of treatment for a slipped capital femoral epiphysis (SCFE)
depend on the severity of the slip. In 2015, web-based registra-
tion was introduced into the Swedish Pediatric Orthopedic Qual-
ity (SPOQ) register. To determine whether the inclusion of com-
monly used methods in Sweden for radiographic measurement of
SCFE (the calcar femorale [CF] method and the Billing method)
is justified, we measured the inter- and intraobserver reliability of
these 2 ts. We also evaluated the internationally more
commonly used head-shaft angle (HSA) method.

Material and methods — 4 observers with different levels of
experience with radiographic measurements analyzed 77 routine
preoperative hip radiographs of children with SCFE. Inter- and
intraobserver reliability was evaluated.

Results — The interobserver reliability analysis for the 4
observers showed for CF an ICC of 0.99 (CI 0.97-0.99) and for
Billing an ICC of 0.99 (CI 0.98-0.99). The interobserver reliabil-
ity analysis for 2 observers showed for HSA an ICC of 0.98 (CI
0.97-0.99).

Intraobserver reliability (2 observers) showed a mean differ-
ence below 1° for all 3 methods and with a 95% limit of agreement
not exceeding +6.8°.

Interpretation — We found good reliability for both intra- and
interobserver measurements of all 3 methods used for the assess-
ment of the slip angle on routine preoperative lateral hip radio-
graphs.

Slipped capital femoral epiphysis (SCFE) is the most common
hip disorder in children aged 9-15 years (Loder 1996, Lehm-

ann et al. 2006). SCFE is caused by the displacement between
the epiphysis and the metaphysis of the proximal femur. The
epiphysis remains in the acetabulum while the femur usually
rotates outward and in extension (Jerre 1995, Loder 2001).
The recommended method of treatment (Souder et al. 2014,
Loder 2017) and the outcome (Kocher et al. 2004, Larson et
al. 2010, Terjesen and Wensaas 2017) depend on the severity
of the slip. The reliability of the methods used to measure the
slip angle is therefore important.

Begun in 2015, the Swedish Pediatric Orthopedic Quality
register (SPOQ, www.spoq.se) is now a web-based registra-
tion tool for 5 pediatric orthopedic conditions. For SCFE, the
surgeon is requested to register certain variables including the
preoperative slip angle. 2 methods for measurement of the slip
angle in SCFE are used in the SPOQ register: the calcar femo-
rale (CF) method (Hansson et al. 1988) and the Billing method
(Billing et al. 2002). The aim of this study was to determine
whether the reliability of the CF and Billing methods justi-
fies their use in the register. We hypothesized that the intrao-
bserver and interobserver reliability for these methods would
warrant their use in SPOQ. We also included a comparison
between the CF and the internationally more commonly used
head—shaft angle (HSA) method (Southwick 1967).

Material and methods

Conventional radiographs from 94 consecutively registered
children with SCFE included in the SPOQ register during
2013 and 2014 were assessed. The radiographs used were
routine preoperative examinations from all Swedish hospitals

© 2017 The Author(s). Published by Taylor & Francis on behalf of the Nordic Orthopedic Federation. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-Non-Commercial License (https://creativecommons.org/licenses/by-nc/3.0)
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Figure 1. Slip angle measured using the calcar femorale method in a
Lauenstein view.

Identify the calcar femorale (cf) and the lesser trochanter @.

From the level of the lesser trochanter draw a line @ three cm in a
proximal direction parallell to the calcar femorale.

Extend a line ® parallell to line @ up through the femoral neck.
Define a line @ through the physeal anterior and posterior margins.
Draw a line ® perpendicular to line @.

Slip angle ®.

D=

o0 A

Figure 2. Slip angle measured using the Billing method in Billing lateral

view with the patient positioned according to the figure to the right.

1. Draw a line @ along the anterior cortex of the proximal femur. Extend
the line up through the femoral head and neck.

2. Draw a line @ along hte anterior border of the femoral neck.

3. Draw the bisector ® to lines @ and @.

4. Define a line @ through the physeal anterior and posterior margins.

5. Draw a line ® perpendicular to line ®.

6. The slip angle ® is the angle between lines @ and ®.

Figure 3. Slip angle measured using the lateral head—shaft angle

method in a Lauenstein view.

1. Draw a line @, parallell with the proximal femoral shaft, further up
into the femoral neck.

2. Define a line @ through the physeal anterior and posterior margins.

3. Draw a line ® perpendicular to line @.

4 Lateral head—shaft angle @.

Eligible radiographs
n=94

Excluded
Only pelvic AP
n=6

Remaining radiographs
n=288

Lauenstein view
n=61

Excluded (n = 11):
|— - poor image quallity, 9
- < 2 cm of proximal femur, 2

Billing view Lauenstein view
n=27 n =50

Figure 4. Study material.

that treated children with SCFE during this period. 1 fourth-
year resident in orthopedics (ML — Observer 1), 1 specialist in
orthopedics (BH — Observer 2), and 2 specialists in pediatric
radiology (Observers 3 and 4) acted as observers.

To obtain both presumptive normal hips and hips with SCFE
in the study material, we chose the right hip for assessment for
every second radiograph in the consecutive list irrespective of
whether it was a hip with SCFE or a normal hip. The web-
based instructions, available through the SPOQ, were used
(Figures 1 and 2) together with a similar instruction on how to
measure the lateral HSA (Figure 3).

For the Lauenstein view (both hips), horizontal rotational
alignment with an obturator index between 0.7 and 1.8
(Tonnis 1976) and at least 2 cm of the proximal femur below
the lesser trochanter had to be included (Lehmann et al. 2013).
For the Billing lateral view, radiographs were accepted if the
lesser trochanter was not protruding posteriorly or anteriorly.
A correct rotational alignment was emphasized by the devel-
oper of this method to be a crucial factor (Billing et al. 2002).
According to these criteria, 50 radiographs in the Lauenstein
view and 27 in the Billing lateral view were included in the
analysis (Figure 4).

Interobserver reliability

The orthopedic resident and the orthopedic specialist (Observ-
ers 1 and 2), respectively, used their standard picture archiving
and communication system (PACS). The orthopedic specialist
was experienced in the use of both the CF and Billing meth-
ods. The orthopedic resident had no previous experience in
any method. The pediatric radiologists (Observers 3 and 4)
assessed all radiographs using their standard PACS. They
were both experienced in using the Billing method but not the
CF or HSA methods.

The radiographs were all given a unique number in a list
that did not follow any alphabetical order or pattern according
to age, date, or sex. The observers were blinded to the mea-
surements made by the other observers, radiographic reports,



Acta Orthopaedica 2018; 89 (2): 217221

219

information from medical records, or their own previous
measurements. They were allowed to use their own preferred
screen settings. Standardization of the measurements was per-
formed before the study by thorough discussion and interpre-
tation of the instructions. The orthopedic resident measured 20
different pelvic radiographs under supervision of Observer 2.

We used these instructions for a single measurement for all
4 readers for the Billing and CF methods.

Intraobserver reliability

Observers 1 and 2 also measured the lateral HSA and assessed
the radiographs twice each following the Billing method,
the CF method, and the HSA. An interval of at least 6 weeks
was used between the repeated measurements for analysis of
intraobserver reliability.

Statistics

We assumed a t-distribution for a sample size of < 50 and a
normal distribution for a sample size of > 50. The effect size
was set to 3° with 90% power and with a confidence level
of 99%. The expected standard deviation was derived from a
similar study (Carney and Liljenquist 2005).

Intraobserver variation for each of the measurements was
assessed using the mean difference, with its 95% limits of
agreement (Bland and Altman 1986, Lehmann et al. 2013).
For the purpose of graphic presentation, we plotted the differ-
ences against the mean measurements (Bland—Altman plots).

Interobserver variation for 2 observers measuring HSA was
assessed using the intraclass correlation coefficient (ICC) and
95% confidence interval (CI) with 2-way random and absolute
agreement for single measures. The first measurements were
used for both observers (McGraw and Wong 1996). For the
4 observers measuring Billing and CF, interobserver reliabil-
ity was evaluated using the intraclass correlation coefficient
(ICC) and CI with 2-way random and absolute agreement for
average measures. The first measurements were used for all
observers (McGraw and Wong 1996, Hermanson et al. 2017).

When comparing the HSA with the CF method, we used the
first measurements for both methods. For statistical analysis,
the variability was described using the Bland—Altman method,
with its 95% limits of agreement (Sedgwick 2013).

IBM SPSS Statistics for Windows version 24 (IBM Corp,
Armonk, NY, USA) was used for the statistical analyses.

Ethics, funding, and potential conflicts of interest
Ethical approval was authorized by the Regional Ethi-
cal Review Board in Lund, Sweden (registration number
2013/87). Informed consent was obtained from all participants
and from one parent or guardian.

Funding was received from the Swedish Association of
Local Authorities and Regions (SKL), and the Futurum
Academy for Health and Care, Jonkoping County Council,
Jonkoping.
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Table 1. Intraobserver variation between first and second measure-
ments of slip angle (°)

Difference 95% limits of
Intraobserver Subjects mean (SD) agreement
Observer 1 - Billing 27 -0.8 (2.9) -6.510 5.0
Observer 2 — Billing 27 -0.2(1.9) —4.0t0 3.5
Observer 1 — CF 50 0.0 (2.6) -5.1t05.1
Observer 2 — CF 50 0.2 (1.4) —2.3103.0
Observer 1 — HSA 50 0.1 (1.1) -2.1t02.3
Observer 2 — HSA 50 0.4 (3.3 —6.0t06.8

Table 2. Difference (°) between HSA and CF measurement

Difference 95% limits of
HSA - CF Subjects mean (SD) agreement
Observer 1 50 5.9 (4.8) -3.5t015.3
Observer 2 50 3.4 (4.8) —6.1t0 12.9
Results

The mean slip angles for the different methods used were: 23°
(3° to 59°) for the Billing method, 23° (-8° to 81°) for the CF
method, and 26° (=7° to 89°) for the HSA method.

The interobserver reliability analysis for 4 observers
showed for CF an ICC of 0.99 (CI 0.97-0.99) and for Billing
an ICC of 0.99 (CI 0.98-0.99). The interobserver reliability
analysis for 2 observers showed for HSA an ICC of 0.98 (CI
0.97-0.99).

Intraobserver reliability analysis for 2 observers showed
a mean difference between the first and second measure-
ment of less than one degree for all three methods. The 95%
limits of agreement ranged between —6.5° and 6.8° (Table 1).
Bland—Altman plots for HSA and CF visualize the proximity
achieved between the first and second measurements (Figures
5 and 6).

The mean difference between the first measurements of
HSA and CF was below 6° for 2 observers (Table 2).

Discussion

We found good inter- and intraobserver reliability for all 3
methods for assessing the slip angle on routine preoperative
hip radiographs.

The HSA method showed an acceptable inter- and intrao-
bserver reliability. The HSA method produced on average a
higher value for the slip angle compared with the CF method.
The 95% limit of agreement between the 2 methods also
showed a rather wide range of 19° for both observers. On the
other hand, the HSA method for observer 1 together with the
CF method for observer 2 showed the highest intraobserver
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Lateral HSA intraobserver — Observer 1 (°)

CF intraobserver - Observer 2 (°)

Figure 5. Intraobserver variation (°) for HSA —
Observer 1 (left panel). The solid line represents
the mean value and the dotted lines show the
limits for 2 standard deviations above and below
the mean value.

Figure 6. Intraobserver variation (°) for CF —
Observer 2 (right panel). The solid line repre-
sents the mean value and the dotted lines show
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reliability. These aspects should all be considered when com-
paring reports using either of these methods.

In Sweden, the Billing method (Billing et al. 2002) and the
CF method (Hansson et al. 1988) are frequently used even
though the accuracy of the Billing method for the measure-
ment of a severe slip has been questioned (Loder 2001). An
advantage of the CF method is that the CF remains in an
unchanged position after remodeling and is identifiable even
in adulthood (Harty 1957, Griffin 1982, Hansson et al. 1988);
this provides a method for detecting SCFE after growth plate
closure (Hansson et al. 1988).

Variability in the radiographic technique can affect the
measurement of the slip angle on the Lauenstein view (Jerre
1950, Loder 2001, Carney and Liljenquist 2005). Multiplanar
computerized tomography is probably the most reproducible
method to assess the slip angle in SCFE (Cohen et al. 1986,
Gelberman et al. 1986, Guzzanti and Falciglia 1991, Monaz-
zam et al. 2013) but this technique is not currently an estab-
lished routine examination in Swedish hospitals for children
suspected to have SCFE.

Loder et al. (1999) used Lauenstein radiographs of 48 hips
with SCFE (38 children), and 4 observers measured the lat-
eral HSA. They reported no influence of observer experience,
no statistically significant difference between the observers
and an interobserver variability of +12 degrees. Carney and
Liljenquist (2005) used 3 observers to test the variability of
the lateral HSA using Lauenstein radiographs of 108 hips (55
with SCFE and 53 normal). They reported an intraobserver
variability for the HSA of +5.9 degrees and concluded that a
single observer should document at least a 12-degree change
between 2 radiographs to ensure a true change. We found an
inter- and intraobserver variability that was comparable with
these previous results.

Inourstudy, 11 Lauenstein radiographs did not meet the tech-
nical image criteria. Other investigators have also described an
inability to obtain reproducible radiographs because of vari-
ability in limb position caused by osseous deformities through
the physis and/or children experiencing pain (Cohen et al.
1986). Jones et al. (2017) showed by comparing Lauenstein
views with 361 simulated models from CT scans that a small

the limits for 2 standard deviations above and
below the mean value.

8 100
Slip angle (°)

error in positioning could cause a greater than 10° error in the
reported lateral HSA.

Clear instructions for the measurement procedure can prob-
ably compensate for differences in professional experience
provided that the radiographic technique is of acceptable qual-
ity. As a consequence of our study, the 4 observers together
prepared an updated instruction for all Swedish hospitals on
how to achieve a correct Lauenstein view: the hips should
be in maximal abduction, the knees flexed to 90°, the plantar
aspects of the feet placed together with the lateral aspects of
the feet resting against the table, absence of significant asym-
metry in the appearance of the obturator foramina (Tonnis
1976), the central beam through the most cranial part of the
pubic symphysis, and with a minimum of 5 cm of the femur
below the lesser trochanter included in the radiograph.

Our findings indicate that, independent of the experience of
the observer, the inter- and intraobserver reliability values for
the methods in this study are acceptable for routine use in a
national quality register for SCFE. We will consider the inclu-
sion of the HSA as an alternative measurement method for the
SPOQ register.

Limitations
The severity of the slips in our study was less than that previ-
ously reported in similar studies (Loder et al. 1999, Carney and
Liljenquist 2005, Lehmann et al. 2013) and this may have influ-
enced our results for both the intra- and interobserver variability.
We could not blind the radiographs to personal identity
numbers because of the need for secure storage of patient
information. To compensate, the radiographs were all given
a unique number in a list that did not follow any alphabetical
order or pattern according to age, date, or sex. We also used a
minimum of 6 weeks between the radiographic assessments.
Fewer Billing lateral views than Lauenstein views (27 and 50,
respectively) were included in this study.
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Abstract

Purpose To evaluate outcomes three years after treatment
for slipped capital femoral epiphysis (SCFE): development of
avascular necrosis (AVN), subsequent surgery, hip function
and the contralateral hip.

Methods This prospective cohort study included a total na-
tional population of 379 children treated for SCFE between
2007 and 2013. A total of 449 hips treated for SCFE and 151
hips treated with a prophylactic fixation were identified. The
Barnhoft questionnaire, a valid patient-reported outcome
measure (PROM), was used.

Results In all, 90 hips had a severe slip, 61 of these were clin-
ically unstable. AVN developed in 25 of the 449 hips. Six of
15 hips treated with capital realignment developed AVN. A
peri-implant femur fracture occurred in three slipped hips
and in two prophylactically pinned hips. In three of these five
hips technical difficulties during surgery was identified. In
43 of 201 hips scheduled for regular follow-up a subsequent
SCFE developed in the contralateral hip. Implant extraction
after physeal closure was performed in 156 of 449 hips treat-
ed for SCFE and in 51 of 151 prophylactically fixed hips. Chil-
dren with impaired hip function could be identified using the
Barnhéft questionnaire.

Conclusion Fixation in situ is justified to remain as the primary
treatment of choice in SCFE. Overweight is more common
in children with SCFE than in the average population.
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Prophylactic fixation is a safe procedure when performed
using a correct technique. The number of patients who de-
veloped AVN after capital realignment is of concern. We rec-
ommend rigorous follow-up of both hips, including PROM
evaluation, until physeal closure.

Level of Evidence Il - prospective cohort study
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Introduction

Slipped capital femoral epiphysis (SCFE) is the most com-
mon orthopaedic condition causing groin pain at the time
of the adolescent growth spurt. In SCFE, the epiphysis
remains in the acetabulum while the femur usually rotates
outwards and in extension.'?

The aetiology of SCFE is thought to be multifactorial.
Obesity is a known risk factor.>* The severity of the slip
can affect the range of hip movement and increasing
loss of internal rotation and flexion capacity can follow
a more severe slip.® In children with a unilateral SCFE at
first presentation the contralateral hip is at risk of devel-
oping a sequential slip until the proximal femoral physis
is closed.®® Depending on the degree of physeal sta-
bility,” severe complications such as avascular necrosis
(AVN) are more common in association with unstable
SCFE."®

Ideally, health-related quality of life (HRQoL) instru-
ments, both general and disease specific, are included
in the evaluation of outcomes in paediatric orthopae-
dic patients. In 2013, a validated Swedish hip-specific
patient-reported outcome measure (PROM), called the
Barnhoft questionnaire, became available.™

The aim of this study was to describe the outcomes
within 36 months from the primary surgery in a prospec-
tive cohort study of a total national population of children
with SCFE. Analysis included complications in hips treated
for SCFE and prophylactically fixed hips, subsequent sur-
gery needed and development of a sequential SCFE. A
PROM was used to measure hip function and HRQoL.
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Methods
Study design

This was a prospective cohort study of a total national
population of 379 children treated for SCFE between 2007
and 2013.

Inclusion criteria were: children living in Sweden,
who were registered in the Swedish Population Register
with a Swedish personal identity number, with SCFE in
the index hip during the study period. Exclusion crite-
ria were: SCFE because of high energy trauma or septic
coxitis.

All 34 hospitals that treated SCFE in Sweden partici-
pated. The study population is described in Figure 1.

Data collection

Consecutive follow-ups were made annually for each
child up to 36 months after the primary surgery, through
contact with the hospital where the primary surgery or
follow-up was performed.

All reported events within 36 months from the date of
the primary surgery were registered based on analysis of
medical records, school health records and radiographs
by one of the authors (BH). Radiographic evidence of pro-
gression of the slip severity, loss of fixation, accuracy of
implant placement,’? AVN of Ficat stage Ill and IV osteone-
crosis with at least collapse of a sequestrated area into the
femoral head' or chondrolysis (joint space narrowing of 3
mm)™'S was registered.

Re-operations and radiographic complications that did
not require subsequent surgery were analyzed for all 379
children. This also included routinely scheduled surgery
(e.g. extraction of implants after physeal closure).

When calculating the number of subsequent proce-
dures performed, the development of AVN was considered
the end point for that specific hip; that is, no subsequent
operations for these hips were included in the results.

Slip severity was graded as mild (13° to 29°), moderate
(30° to 49°) or severe (> 50°)."%'8 To measure slip sever-
ity, we used the calcar femorale method on a Lauenstein
view" or the Billing method on a lateral Billing view.% For
both methods a minimum slip angle of 13° was required
for diagnosis."*-?'

The clinical classification of stability described by Loder
et al® was used. An unstable SCFE was defined as one
causing severe pain that makes walking impossible even
with crutches, regardless of the duration of the symp-
toms. The postoperative radiographs were re-analyzed by
one of the authors (BH), subtracting the slip angle of the
preoperative film from the immediate postoperative film
to determine whether a reduction had been achieved. We
used the same criteria as Kennedy et al,?? in which a differ-
ence of > 10° was considered a reduction which was then
classified further into intentional or incidental reductions
based on the surgical reports. When the clinical classifica-
tion made by the surgeon indicated a stable SCFE, this was
altered in the study protocol if an obvious reduction could
be visualized on postoperative radiographs.

The accuracy of implant placement within the epiph-
ysis was graded according to the method of Pring et al™
using anteroposterior and lateral radiographs. For a ‘cor-
rectimplant position’, the implant had to be placed within
the central 50% of the physeal width, with the screw tip
> 5 mm across the physis and at an angle of 70° to 90° to
the capital physis. ‘Poor implant position” was identified
when the implant was located outside the central 75% of

379 children (449 hips with SCFE)
162 girls and 217 boys

7 |

N

27 children
Primary bilateral SCFE
11 girls and 16 boys

201 children
Contralateral hip observed
85 girls and 116 boys

151 children
Prophylactic fixation
66 girls and 85 boys

l

43 children
Sequential SCFE
23 girls and 20 boys

156 children
Unilateral SCFE
62 girls and 94 boys

2 children
Lost to follow-up
« 1 boy emigrated before first
scheduled follow-up
1 boy died after 22 months

Bilateral SCFE in 70 children
Fig. 1 Study population (SCFE, slipped capital femoral epiphysis).

] Unilateral SCFE in 307 children
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the physeal width, with the screw tip < 2.5 mm across the
physis, tip of the implant located within < 2.5 mm from
the subchondral bone, or the implant was introduced at
an angle of < 50° to the physis.

All radiographs were re-analyzed by one of the authors
(BH). Both inter- and intraobserver reliability of radio-
graphic measurements for slip severity were found to be
good according to the procedure of Herngren et al.?

Body mass index (BMI)

Age-adjusted BMI was calculated using the method of
Karlberg et al* for 307 of the 379 children (81%). We
accepted data from within 12 months before or after the
date of the primary surgery.

PROM

PROM-instruments are used to capture generic and dis-
ease-specific HRQoL issues.?* The validated Barnhoft ques-
tionnaire includes a pain domain (one-item) together with
a hip function domain (five-items). The pain scale in the
Barnhoft questionnaire™ includes a rating for each hip
with a maximum of 40 points, which is equal to ‘no pain
at all’. The function domain is based on daily activities,
including dressing, sitting, walking and stair climbing,
with a maximum of 32 points. A high score indicates good
hip function. From the youth version of the five-dimension
EuroQol instrument (EQ-5D-Y),?¢ a general instrument for
assessing HRQoL, we chose the domain ‘Feeling worried,
sad, or unhappy’ to be complementary to the domains
covered by the Barnhdft questionnaire. The EQ-5D-VAS,?
a visual analogue scale which is rated as 0 to 100 with 100
as the best health, was used as a quantitative measure of
health outcome as judged by the individual respondents.
Permission was obtained from the EuroQol group to use
the Swedish version of the EQ-5D-Y in this study.

The questionnaires were distributed consecutively
through ordinary mail 24 months after the primary sur-
gery to 107 children diagnosed with unilateral SCFE. Two
reminders were sent to those who had not returned the
questionnaires.

Statistical analysis

Continuous data were checked for normality using the
Kolmogorov-Smirnov test together with an analysis of the
histogram and are reported as the median with minimum
and maximum values. Discrete data are reported as fre-
quencies and/or percentages. An independent sample
t-test was used to compare mean values for continuous
data between two groups that were normally distrib-
uted. To compare proportions between two independent
groups, we used a cross-table and chi-squared test. The
significance threshold was set at 0.05.

J Child Orthop 2018;12.

IBM SPSS Statistics for Windows (version 24; IBM Corp,
Armonk, New York) was used for the statistical analyses.

Results

This study cohort included a total of 61 unstable hips (60
in the index hip) and 90 severe slips (89 in the index hip).

The characteristics for each subgroup of the study pop-
ulation are presented in Table 1. The 151 children with
unilateral SCFE who received prophylactic fixation were
younger than the 201 children with unilateral SCFE who
were selected for scheduled radiographic and clinical fol-
low-up (p = 0.001). This statistical difference was consid-
ered of clinical relevance. However, the groups did not
differ significantly in the severity of the slip, clinical classi-
fication (stable/unstable) or age-adjusted BMI.

AVN

A total of 25 of 449 hips (6%) developed AVN within 36
months from the primary surgery for SCFE (Table 2). Of
the 380 hips with a stable slip treated with in situ fixation,
only five developed AVN, compared with 11 of the 56
unstable slips treated with a percutaneous fixation.

Of the 56 unstable hips treated with percutaneous inter-
nal fixation, an intentional reduction manoeuvre (traction,
internal rotation and mild flexion) was performed in 32
hips and an incidental reduction from simple positioning
on the operating table was described and was visualized
on the postoperative radiographs in 14 hips.

Of the 41 severe unstable hips, 8/36 treated with
pinning and 3/5 treated with open reduction and inter-
nal fixation (i.e. capital realignment or open reduction
according to Parsch et al?® developed AVN. This difference
was not statistically significant.

Of the 24 unstable hips treated with percutaneous
internal fixation without intention of reduction, 5/24 hips
developed AVN, whereas 6/32 hips where an intentional
reduction was performed developed AVN. This difference
was not statistically significant.

An arthrocentesis was made in seven of the 56 unstable
hips. An intentional reduction manoeuvre was performed
in one and an incidental reduction occurred in five. No
AVN was identified in these seven hips. Among the unsta-
ble 49 hips, where no arthrocentesis was performed, 11
hips developed AVN. This difference was not statistically
significant.

Peri-implant femur fractures

In hips treated for SCFE, three peri-implant femur fractures
occurred, all in the index hip. For two of these three hips,
technical problems were described in the surgical reports.
During the operation, either multiple entry points were
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Table 1 Characteristics for the study population of 449 hips (379 children) (SCFE, slipped capital femoral epiphysis)

Group Sex N Median age at surgery (range), yrs  Unstable (n) Severe slip (n) High BMI' (n)
27 hips F n 11.9 (10.6 to 15.4) 2 6 5
Index hip M 16 12.2(9.6 t0 14.8) 3 7 9
Bilateral SCFE at first presentation

27 hips F i 11.9 (10.6 to 15.4) 0 0 5
Second hip

Bilateral SCFE at first presentation M 16 12.2(9.6 10 14.8) 0 0 9
43 hips F 23 11.4 (8.4 t0 14.7) 4 2 n
Index hip

Sequential bilateral SCFE M 20 12.3(9.5t015.1) 4 3 14
43 hips F 23 12.3(9.8t0 14.8) 0 0 n
Second hip

Sequential bilateral SCFE M 20 13.2(10.7 to 15.8) 1 1 14
156 hips F 62 12.2(9.1to 14.6) 10 14 28
Unilateral SCFE

No prophylactic fixation M 94 13.5(3.9t0 16.8) 19 26 56
151 hips F 66 1.1 (7.2 t0 15.1) 7 14 31
Unilateral SCFE

Prophylactic fixation M 85 13(9.5t017.7) mn 17 54
2 hips Mt 1 14.5 0 0 1
Lost to follow-up

Unilateral SCFE Mg 1 13.5 0 Y 1
TOTAL F 196 1.7 (7.2t0 15.4) 23 36 91
449 hips

With SCFE M 253 13(3.9t017.7) 38 54 156

*Age-adjusted body mass index (BMI) according to Karlberg et al** of 25 or above
Values were available for only 81% of the children

fone boy emigrated before the first scheduled follow-up

*one boy died after 22 months

Table 2 Development of avascular necrosis (AVN) in 449 hips treated for
slipped capital femoral epiphysis (SCFE)

Surgical procedure Hips (n) AVN (n)

Percutaneous internal fixation for stable SCFE 380 5
Percutaneous internal fixation for unstable SCFE 56 1t
Capital realignment as primary surgery for stable SCFE 8¢ 2
Capital realignment as primary surgery for unstable 3¢ 2
SCFE

Open reduction and internal fixation for unstable SCFE 2% 1
(Parsch et al)?®

Capital realignment as reconstructive surgery before 4 2
physeal closure

Surgery for a subsequent peri-implant femur fracture 3 2
Total 25

*two of five hips had a severe SCFE

‘Feight of 11 hips had a severe SCFE; six of 11 hips had an intentional
reduction manoeuvre and four had an incidental reduction

fall of these hips had a severe SCFE

used for guide wire insertion before the implant was
introduced or the first drill bit used was blunt and did not

penetrate the cortex completely. One of these three hips
developed AVN secondary to this event.

In prophylactically treated hips a peri-implant femur
fracture occurred in two hips. For one of these hips, the
surgical report described technical problems during sur-
gery requiring multiple guide wire insertion attempts
before a correct entry point was achieved. In the other
hip, a subsequent deep infection developed that necessi-
tated surgical wound debridement.

Chondrolysis

Chondrolysis developed in three stable severe slipped
hips. Subsequent AVN later developed in two of the three
hips. Penetration of the joint with an intra-articular posi-
tion of the implant was observed in one of the hips.

Poor implant position

The implant position was assessed as poor in 38 of the
380 stable hips treated with in situ fixation for SCFE. Two

| Child Orthop 2018;12.
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Table 3 Re-operations in 449 hips treated for slipped capital femoral
epiphysis (SCFE)

Surgical procedure Hips (n)

Routine extraction of implant after closure of the proximal physis 156
Extraction of implant after primary capital realignment 2

Early re-operation because of poor implant position (before 15
discharge after primary surgery)

Exchange of implant because of growth 13

Osteochondroplasty because of femoroacetabular 9f

impingement, closed proximal physis

Change in implant because of slip progress despite internal 8t

fixation

Physiodesis around the contralateral knee because of leg-length 5
discrepancy

Deep infection requiring surgical wound debridement 4"
Capital realignment procedure 4
Trochanteric overgrowth treated with apophysiodesis of the 2

greater trochanter

Intertrochanteric corrective osteotomy because of limited range 277
of movement

Fixation of a peri-implant femur fracture 3

*implant position too anterior or completely outside the epiphysis

Fseven of the procedures were arthroscopy assisted

Hive hips with a poor implant position, a physiodesis as a secondary
procedure was performed in one of these five hips

**the hip treated with an intertrochanteric corrective osteotomy that later
developed a deep infection is not counted here

Ftone hip treated with an intertrochanteric corrective osteotomy developed
a deep infection that required surgical wound debridement

of the 38 hips developed AVN; one was diagnosed early
and one after subsequent reconstructive surgery.

A poor implant position was also identified in 14 of the
56 unstable hips treated with percutaneous internal fix-
ation for SCFE. Four of the 14 hips developed AVN, all of
them were diagnosed early after the initial procedure.

Subsequent surgery

Of the 436 slipped hips treated with percutaneous fixation
the implant was extracted as a routine procedure in 156
hips (for 22 hips the procedure had to be converted from a
percutaneous to a more extensive approach). Another 67
hips were subsequently operated on for various reasons
(Table 3). Of the 151 hips treated with prophylactic fixa-
tion, the implant was extracted as a routine procedure in
51 hips (five of these procedures were converted to a more
extensive approach). Five of the 151 hips required further
surgery for other reasons (Table 4).

PROM

A total of 87 of 107 children (81%) with a unilateral SCFE
returned the questionnaires (Fig. 2). Age, gender, severity
of the slip and clinical classification did not differ signifi-
cantly between the non-responders (n = 20) and respond-
ers. Of the 75 children with a stable SCFE, two developed
AVN and of the 12 children with an unstable SCFE, three
developed AVN.

Children with a stable mild or moderate SCFE at the
initial presentation (n = 66) scored a median of 30 (0 to
40) for the Barnhoft pain domain and a median of 32 (11
to 32) for the function domain. In the EQ-5D-VAS, they

J Child Orthop 2018;12.

Table 4 Re-operations in 151 hips treated with prophylactic fixation
(SCFE, slipped capital femoral epiphysis)

Surgical procedure Hips (n)
Routine extraction of implant after physeal closure 51
Exchange of implant because of growth 2

Re-fixation because of loss of fixation and development of a mild 1"
SCFE

Fixation of a peri-implant femur fracture 2t
*the implant was placed in the correct position in the primary surgery
Ttne hip subsequently developed a deep infection that required surgical
wound debridement

scored a median of 88 (30 to 100). In response to the
EQ-5D-Y item ‘Feeling worried, sad, or unhappy’, two
children answered that they were ‘very’ worried, sad or
unhappy, 12 answered that they were ‘a bit” worried, sad
or unhappy and 52 that they were ‘not’ worried, sad or
unhappy.

Children with a stable severe SCFE at the initial presen-
tation (n = 9) scored a median of 20 (0 to 40) for the Barn-
héft pain domain and a median of 26 (20 to 32) for the
function domain. In the EQ-5D-VAS, they scored a median
of 80 (30 to 100). In response to the EQ-5D-Y item ‘Feel-
ing worried, sad, or unhappy’ no child answered that he
or she was ‘very’ worried, sad or unhappy, whereas five
answered that they were ‘a bit” worried, sad or unhappy,
and four that they were ‘not” worried, sad or unhappy.

Children who developed AVN (n = 5) scored a median of
20 (10 to 20) for the Barnhéft pain domain and a median
of 24 (16 to 28) for the function domain. In the EQ-5D-
VAS, they scored a median of 60 (35 to 100). In response
to the EQ-5D-Y item ‘Feeling worried, sad, or unhappy’,
two children answered that they were ‘very’ worried, sad
or unhappy, one answered that he or she was ‘a bit” wor-
ried, sad or unhappy and two that they were ‘not’ wor-
ried, sad or unhappy.

Discussion

The strength of this study is that all children treated for
SCFE in Sweden during a seven-year period were identi-
fied and gave their informed consent to participate. The
cumulative incidence for SCFE in the index hip for chil-
dren 9 to 15 years old in Sweden was 40.6 per 100 000
for girls and 52.2 per 100 000 for boys for the period stud-
ied.?” The male-to-female ratio was 1.3:1 and 76% of the
boys and 56% of the girls were overweight or obese.?
In comparison with a Swedish population of 12-year-old
school children, 16% of the boys and 13% of the girls were
overweight.*® All participants were followed for 36 months
after the primary surgery for SCFE; the only exception was
one child who emigrated and another child who died.
We used a hip-specific instrument for self-assessment,
the Barnhoft questionnaire, which has been validated for
children from eight years of age together with a general
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109 children with unilateral SCFE
47 girls and 62 boys

1 child (a boy)
protected identity

1 child (a boy)
emigrated

20 children (8 girls, 12 boys)
no reply

BRR

<

87 children answered questionnaires
39 girls and 48 boys

Fig. 2 Responders and non-responders to questionnaires (SCFE,
slipped capital femoral epiphysis).

health status questionnaire, the EQ-5D-Y including the
EQ-5D-VAS. Outcome studies for children with orthopae-
dic disorders should include aspects beyond radiographic
findings or surgical complications.

AVN

AVN is the most devastating complication of SCFE. Unsta-
ble SCFE increases the risk of AVN, and the risk increases
further with slip severity.>32 Loder et al® found AVN in 47%
of the cases in their series of 55 patients with unstable
SCFE treated with internal fixation. Chen et al** reported
that four of 30 unstable hips treated with gentle posi-
tioning and internal fixation developed AVN. In a recent
review of the literature, Loder** estimated the historical
average of AVN as 21% but found that more recent studies
show promising results with a lower AVN rate after urgent
reduction, decompression and fixation or open reduc-
tion and fixation. However, Loder** noted some concerns
about the accuracy of the definition of an ‘unstable SCFE’
used in some of the studies. In the present study, AVN
occurred in 25 of 449 hips (6%). In all, 14 of these 25 AVN
occurred in the group of 61 unstable hips.

Kinking of the retinacular vessels was reported in an
angiographic study of unstable SCFE with restoration of
blood supply after reduction. Jackson et al*¢ used periop-
erative angiography in nine patients who underwent a
capital realignment procedure. They showed that blood
flow was restored after reduction for four of six patients
who did not have arterial flow to the femoral head on
the preoperative angiogram. Novais et al*” used different
techniques in the perioperative setting for 29 patients
with unstable SCFE who underwent a capital realignment

procedure to evaluate the restoration of blood flow to
the femoral head during the operation. They concluded
that assessment of femoral head blood perfusion can
be used as a predictor of the later development of AVN.
In our study, only three capital realignment procedures
were performed as primary surgery for unstable hips with
SCFE, and different techniques were used to assess blood
flow to the femoral head at surgery. However, two of these
three hips developed AVN.

Partial reduction to the position before the acute com-
ponent of the slip, using an open approach for hip joint
decompression and reduction on a regular operating table,
is associated with AVN rates of less than 5% at five years.?®
Kennedy et al?? analyzed the outcomes for 27 unstable
hips with SCFE. Four of the 27 unstable hips developed
AVN, but no association was found with the reduction or
magnitude of the slip. Chen et al** used gentle position-
ing only and no forceful reduction for 30 unstable hips
followed for a minimum of two years. They performed
arthrocentesis or open capsulotomy in 21 hips. Four of the
30 hips developed AVN. Using the surgical reports in our
study, we were able to determine whether an intentional
or an incidental reduction was achieved. We found no sta-
tistically significant difference of the development of AVN
between the group (n = 32) where an intentional reduc-
tion manoeuvre and percutaneous internal fixation was
performed compared with the group (n = 24) where only
an incidental reduction or no reduction was implemented.

The presence of an increased intracapsular hip pressure
and the effect of joint decompression has been studied in
unstable hips with SCFE with divergent conclusions.?*3° In
the present study, we analyzed the development of AVN
after joint decompression (n = 7) versus no joint decom-
pression (n = 49) in 56 unstable hips treated with percu-
taneous internal fixation. The number of hips that had a
joint decompression procedure was limited and we found
no statistically significant difference between the groups.

Timing of surgery is thought to be crucial to the devel-
opment of AVN. It is also thought that surgery should
be performed within 24 hours from the onset of symp-
toms.*#2 |n the present study, no preoperative traction
or prolonged bed rest was used. All patients with an
unstable hip intended for percutaneous internal fixation
were brought to the operating room within 24 hours after
admission to hospital. However, it was not possible to
analyze the data regarding the exact onset of symptoms
counted in hours.

Routine extraction of an implant after physeal closure

For most of the 156 hips treated with implant extraction
after physeal closure, the procedure was performed with-
out any reason outlined in the medical reports other than
a scheduled routine procedure. There is little evidence to
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support this as a routine procedure in a child without any
symptoms related to the implant.**-*¢ The appearance of
complications after removal of hardware in hips treated
for SCFE depends on the implant used.*#®

For 51 of the 151 hips treated with a prophylactic fixa-
tion in this study, a similar subsequent routine extraction
was performed.

Some of these children might have had localized pain
around a protruding implant but for 22 hips treated for
SCFE and five hips treated with prophylactic fixation the
extraction procedure had to be converted from a percu-
taneous procedure to a more extensive approach due to
technical difficulties. However, there were no secondary
complications reported to these procedures. There is a risk
that future surgery might be more difficult and require a
two-stage approach but the evidence supporting routine
removal of all hip implants in children treated for SCFE is
limited.*

Prophylactic fixation

Prophylactic fixation remains a controversial issue for uni-
lateral SCFE. However, there is no controversy about the
need for prophylactic fixation in children with a concomi-
tant endocrine disorder.®

Proponents of prophylactic fixation stress the risks for
a subsequent contralateral slip with functional limitations
or AVN if an unstable slip develops, risk of osteoarthritis
and a low risk of iatrogenic complications associated with
modern techniques.5*5° Others support the idea of clini-
cal and radiographic follow-up until physeal closure.®5'-53
Some have tried to present an algorithm in which pro-
phylactic fixation is offered to children with a higher risk
of developing a sequential slip in the contralateral hip
based on skeletal immaturity,**> gender*>>* and modified
Oxford bone age score.*® Compliance regarding the fam-
ily’s ability to return for regular follow-up visits has also
been proposed as a factor to consider.>?

In this cohort study, after excluding one hip with obvi-
ous technical difficulties observed during surgery leading
to a peri-implant femur fracture, we identified no AVN in
this group of 151 hips and only one peri-implant femur
fracture occurred. However, we question the routine use
of implant extraction after physeal closure.**-* The low
number of complications within 36 months from surgery
involving prophylactic fixation in this study does not show
that this routine is linked to serious complications. Use of
a correct technique (i.e. a satisfactory entry point estab-
lished and maintained with the aid of optimal fluoroscopy
views and sharp drill bits) is crucial. We note that, for the
70 children with a bilateral SCFE (27 had bilateral SCFE at
the initial presentation), only one child developed a severe
and unstable SCFE in the other hip (one of the 43 sequen-
tial hips with SCFE); this rate is similar to that in some
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reports®” but contrasts with that of other reports.558-6°
A regular follow-up schedule, with repeated radiographs
together with repeated and thorough information given to
the family about the necessity for an urgent radiographic
examination whenever symptoms occur in the contralat-
eral hip, might explain the difference between reports.

In this cohort study the group selected for prophylactic
fixation (n = 151) included younger children than those
scheduled for regular follow-up, but no differences were
found concerning age-adjusted BMI, clinical classification
or slip severity. There was one child who developed SCFE
in spite of a prophylactic fixation. The number of children
that were selected for scheduled follow-up (for most chil-
dren with an interval of three to four months) with avail-
able data at follow-up were 199 (initially 201 but two were
lost to follow-up). We could then calculate the absolute
risk reduction: 21.6% (43/199) minus 0.7% (1/151) which
equals 20.9%. The ‘Number Needed to Treat” would then
become 4.8 (1/0.209). If a prophylactic fixation would
have been offered to all 352 children with a primarily uni-
lateral SCFE, then 74 children of the 352 would have been
prevented from a subsequent SCFE in the contralateral
hip. The consequence would then be that 5/352 children
would have to change implant due to further growth of
the femoral neck, five would develop a peri-implant femur
fracture and of these five, two would develop a deep infec-
tion secondary to a peri-implant femur fracture. However,
extraction of implants after physeal closure would in most
cases not be necessary and we believe that the number
of peri-implant femur fractures could be further reduced
using a correct technique.

In summary, this calculation gives us a total risk of
2/352 deep infections (0.5%) and 5/352 (1.4%) peri-im-
plant femur fractures if all 352 children with a unilateral
SCFE had received a prophylactic fixation of the contra-
lateral hip. These figures are similar to what has been
reported previously*¢'62 and prophylactic fixation has
been found to be a cost-effective procedure that limits the
morbidity from the complications of a further slip.563

Peri-implant femur fractures

Five hips with a peri-implant femur fracture were identi-
fied in this study. Two of these complications occurred in
hips after prophylactic fixation. Technical difficulties might
have been the cause for these complications in three of
five hips. In obese children it might be more difficult to
obtain an optimal fluoroscopic view. Therefore, specific
precautions ought to be considered even while position-
ing the child on a suitable operating table so that a correct
lateral view can be obtained at surgery during insertion
of the implant. The subsequent use of sharp drill-bits
together with a surgical technique that creates access at
the first attempt to the correct entry point for the guide
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wire are both crucial for high-quality surgery. The number
of peri-implant femur fractures in this study was similar to
that in other reports.6"646

PROM

From the child’s perspective, it has been found that a range
of issues about health are important to discuss.®® When
healthcare professionals have access to information about
the child’s HRQoL assessment, it is more likely that they will
discuss the issues with the child.®” Children also want to
answer questions about their health status if they under-
stand the reason behind the questions, if they feel that
the questions are relevant and when they notice that their
answers are received and commented upon.® To increase
the number of domains used for comparison, we chose
to use one dimension (‘Feeling worried, sad, or unhappy’)
in the EQ-5D-Y that addresses problems that are more
common in children’s lives than impairment of mobility,
self-care or everyday activities.? The previous validation
study of the Barnhoft questionnaire™ proposed that this
questionnaire could be used together with the EQ-5D-Y as
a screening tool to identify children with a complication of
SCFE or a more severe slip. The results in this study con-
firm these preliminary results. There was one child in each
group of stable mild-moderate and stable severe SCFE,
respectively, that had no complications to SCFE but still
scored very low in the pain domain of the Barnh&ft ques-
tionnaire, thus indicating the need for a clinical follow-up
to be able to analyze the actual health status in more detail.

We suggest that a child with a score of < 20 for the
pain domain of the Barnh&ft questionnaire and a score
of < 26 for the function domain or a score of < 60 in the
EQ-5D-VAS needs a more thorough analysis together with
a clinical follow-up. Children who unexpectedly report a
lower hip function or severe pain (e.g. without the devel-
opment of AVN or an initial severe slip) need an individu-
alized assessment.

Conclusions

It is justified that fixation in situ should remain as the pri-
mary treatment of choice in stable SCFE. A gentle inciden-
tal reduction performed together with a percutaneous
internal fixation gives acceptable results in unstable SCFE.
Being overweight or obese is more common in children
with SCFE than the average population. Prophylactic fix-
ation is a safe procedure when performed using the cor-
rect technique. The number of patients who developed
AVN after capital realignment is of concern. The Barnhéft
instrument could be used as a screening tool to identify
children with severe pain or with a considerable limitation
of hip function after being treated for SCFE. We recom-
mend rigorous follow-up, including PROM evaluation,
until physeal closure.

Limitations

Because of the limited follow-up of 36 months for each
child, late complications or surgeries were not included.

The 379 children were treated with routine care in 34
different hospitals and it was not possible to confirm hip
effusion with ultrasonography or magnetic resonance
tomography for clinically unstable hips.

The surgical reports might not have covered all techni-
cal difficulties, such as the use of multiple entry points for
the guide wire before the implant insertion was accom-
plished.

We could not evaluate the time from the onset of symp-
toms to surgery for the 61 unstable hips with SCFE (i.e. the
actual timing of surgery counted in hours).

A PROM was not used during the entire study period.
The questionnaires were developed in Swedish for children
from eight years of age after the inclusion period started.
Only children with a unilateral SCFE were included. Unlike
the setup used by the original developer of the Children’s
Hospital Oakland Hip Evaluation Scale (CHOHES),% the
questionnaires were not distributed during a scheduled
follow-up visit but through ordinary mail. We did not con-
sider it possible for all children, from eight years of age,
to comply with the Barnhoft hip-specific questionnaire if
both hips were affected without professional assistance for
guidance.
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