y Follow us @BonejointOpen

OPENaACCESS
B CHILDREN’S ORTHOPAEDICS

Radiological assessment of hip disease
in children with cerebral palsy:
development of a core measurement set

P.).S.Joseph,
M. Khattak,
S. T. Masudi,
L. Minta,

D. C. Perry

From Institute of
Population Health,
Liverpool, UK

Correspondence should be sent to
Prince | S Joseph; email:
pjsjoseph@doctors.org.uk;
josiahjoseph@outlook.com

doi: 10.1302/2633-1462.411.BJO-
2023-0060.R1

Bone Jt Open 2023;4-11:825-831.

Aims

Hip disease is common in children with cerebral palsy (CP) and can decrease quality of life
and function. Surveillance programmes exist to improve outcomes by treating hip disease
at an early stage using radiological surveillance. However, studies and surveillance pro-
grammes report different radiological outcomes, making it difficult to compare. We aimed
to identify the most important radiological measurements and develop a core measurement
set (CMS) for clinical practice, research, and surveillance programmes.

Methods

A systematic review identified a list of measurements previously used in studies reporting
radiological hip outcomes in children with CP. These measurements informed a two-round
Delphi study, conducted among orthopaedic surgeons and specialist physiotherapists. Par-
ticipants rated each measurement on a nine-point Likert scale (‘not important’ to ‘critically
important’). A consensus meeting was held to finalize the CMS.

Results

Overall, 14 distinct measurements were identified in the systematic review, with Reimer’s
migration percentage being the most frequently reported. These measurements were pre-
sented over the two rounds of the Delphi process, along with two additional measurements
that were suggested by participants. Ultimately, two measurements, Reimer’s migration per-
centage and femoral head-shaft angle, were included in the CMS.

Conclusion

This use of a minimum standardized set of measurements has the potential to encourage unifor-
mity across hip surveillance programmes, and may streamline the development of tools, such
as artificial intelligence systems to automate the analysis in surveillance programmes. This core
set should be the minimum requirement in clinical studies, allowing clinicians to add to this
as needed, which will facilitate comparisons to be drawn between studies and future meta-
analyses.
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Introduction Once hips begin to laterally displace, they

Cerebral palsy (CP) is the most common
childhood physical disability.” Individuals
with CP are at a high risk of developing hip
disease, which can cause pain, decrease
quality of life, and decrease function.??
Adduction contractures associated with hip
disease can worsen sitting balance and make
caring for children with CP problematic.*

are unlikely to resolve spontaneously, and,
left untreated, often progress to complete
dislocation.® Subluxed hips are more readily
treated if detected early.® National hip surveil-
lance programmes have been implemented
in many countries to detect hip displace-
ment earlier and to enable timely inter-
vention.”? Several studies have reported a
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significant decrease in the incidence of hip dislocation in
regions where a hip surveillance programme has been
introduced.5"3

Currently, radiological hip analysis in surveillance
programmes, such as the Cerebral Palsy Integrated
Pathway Scotland (CPIPS), is performed manually by
experts.™ Radiograph analysis is time-consuming both
to perform and upload data, and is prone to variability
between clinicians.” Tools within Picture Archiving
and Communication Systems (PACS) or mobile apps
may have accelerated this process;'*'" however, a fully-
automated system is not currently available.

Artificial intelligence (Al) can be used to optimize
image interpretation.’ The development of Al software
capable of automating radiological hip analysis in CP
firstly requires the essential measurements to be clearly
defined; the core measurement set (CMS). The CMS has
the potential to be a minimum data requirement which
would standardize the measurements used, enabling
effective comparisons to be drawn in clinical research.

This study aimed to form a CMS containing the
universal measurements necessary to record in the
assessment of CP hip radiographs. The COMET (Core
Outcome Measures in Effectiveness Trials) guidelines
were adapted,' and used as a guide to form the CMS.

Methods
A systematic review was used to identify previously
reported radiological measurements of CP-related

hip disease and inform a Delphi process to generate
consensus.

Systematic review. This review was conducted as per the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines,? and aimed to iden-
tified all the radiological measurements reported in the
literature. The electronic databases searched included
PubMed, SCOPUS, and Web of Science (Supplementary
table i).

Eligibility criteria. The inclusion criteria comprised stud-
ies that used radiological measurements to assess pelvic
radiographs in CP hip disease, with = 50 participants,
participants aged < 18 years, English language, publica-
tion after first January 2011, and studies that were case
series, cross-sectional studies, cohort studies, or rand-
omized control studies. Studies were excluded if they pri-
marily concerned measurement reliability, or the full-text
was not available.

Study selection and data extraction. Articles were down-
loaded and duplicates excluded. The remaining articles’
abstracts were screened independently by two reviewers
(PJSJ, STM) according to the inclusion/exclusion criteria.
Disagreements were resolved via discussion. Articles were
then reviewed in the full-text format to confirm eligibility.
Disagreements during the full-text analysis were resolved
by consulting a third review author (MK).

The following data fields were independently
extracted from each article by two reviewers: title,
author, year, journal of publication, location, study
type, population size, number of hips studied, age, sex,
duration of follow-up, measurement used, time point
of measurement, verbatim definition of measurement,
use of visual explanations for measurements, and
primary intervention. A study was considered to have
defined a measurement if it provided a definition or a
visual explanation.

Radiological measurements were collated irrespective
of study quality; therefore, an appraisal of the method-
ological quality of the studies or risk of bias assessment
was not undertaken.

Delphi study

Ooverview. The modified Delphi method was used to
seek consensus regarding the radiological measure-
ments forming the CMS. This consisted of two stages:
1) a two-round Delphi survey to score the identified
measurements on importance; and 2) a final consensus
meeting to establish the CMS.

The Delphi survey (Supplementary figure a) was initi-

ated using the list of radiological measurements identi-
fied from the systematic review.
Participants and process. The Delphi study was con-
ducted among orthopaedic surgeons and physio-
therapists with a specialist interest in CP. Participants
from any country were eligible to take part, and were
recruited via the investigators' networks and newslet-
ters disseminated by the British Society for Children’s
Orthopaedic Surgery (BSCOS).?" A total of 20 partici-
pants were sought to take part as a minimum.

Participants were given four weeks to complete each
round. Reminder emails were sent during weeks two and
three if a participant failed to complete the online ques-
tionnaire. Failure to complete the questionnaire before
the deadline resulted in exclusion from further rounds.
Scoring and defining consensus. Each radiological
measurement was scored using the GRADE (Grading
of Recommendations, Assessment, Development and
Evaluations) approach.?? A nine-point Likert scale was
used, with 1 to 3 considered 'not important', 4 to 6 con-
sidered 'important but not critical', and 7 to 9 considered
'critically important'.

Consensus definitions were pre-defined to avoid
bias and based on the '70/15%' consensus framework
described in the COMET handbook version 1.0." Inclu-
sion required the majority of participants (> 70%) to
score the measurement in question as being 'critically
important', with only a small minority (< 15%) consid-
ering it to be 'not important'; exclusion was the oppo-
site. Measurements that did not reach the consensus
threshold were considered equivocal and were discussed
in a final consensus meeting.
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Table 1. List of radiological measurements identified through the
systematic review, along with the total number of studies reporting each
measurement. A total of 47 studies were reviewed, identifying 14 distinct
measurements. Reimers’ migration percentage was the most common
measurement.

Studies reporting the

Radiological measurement measurement, n

Reimers’ migration percentage 44
Neck-shaft angle 16
Acetabular index 13
Head-shaft angle 1

N

Centre edge angle

Sharp’s angle or acetabular angle
Acetabular depth ratio

Mose hip ratio

Shenton’s line

Epiphyseal shaft angle

Pelvic femoral angle

Pelvic adjusted migration percentage
Medialization index

S O

Hilgenreiner epiphyseal angle

= Articles identified through Additional articles identified
't:'g database searching through other sources
i & =
& (n=763) (n=0)
=
=
g : I
=
Articles after duplicates removed
—_— (n=378)
g 4
] Articles screened Articles not
g (n=2378) — included
7] (n=318)
S
3
Z Full-text articles Full-text articles
:é assessed for I excluded
‘B eligibility (n=13)
w (n=60)
— Reasons:
+ Focusses on
i measurement
e reliability:6
k= Articles included in «  No full-text article:1
'g data analysis s Full-text article not
= (n=47) accessible:6
(Appendix 3)
Fig. 1

PRISMA flow diagram. A total of 763 articles were identified from the
database search. Following abstract screening and full-text assessment, 47
articles remained for the final analysis.

In round one, participants were asked to score the
measurements, and suggest any additional measure-
ments that the respondents considered important.
Measurements not reaching consensus in round one,
and additionally added measurements, were taken to
round two. In round two, participants were presented
with the results from round one and asked to score the
measurements.

Consensus meeting. A final consensus setting exercise
was conducted online in May 2022. A small, focused
group was selected to facilitate meaningful and efficient
discussions and decision-making regarding the equivocal
measurements. Five participants attended the meeting:
four consultant orthopaedic surgeons (MG, SC, DMW,
DCP), chosen for their expertise in CP and hip surveil-
lance, and an independent chair, who did not partake in
the consensus discussion; the final CMS was established
at this stage.

Statistical analysis. Descriptive statistics were used, in-
cluding median and interquartile range.

Results

Systematic review literature search results. The literature
search identified 763 articles. Following study scrutiniza-
tion, 47 articles remained for final analysis. The PRISMA
flow diagram is presented in Figure 1. Supplementary ta-
ble i lists the papers that were accordingly excluded prior
to the full-text assessment, while Supplementary table iii
details the studies included in the systematic review.

Study characteristics. There were 29 retrospective stud-
ies, nine prospective studies and nine cross-sectional
studies. The most common intervention was surgery (n
= 22). Other interventions included hip surveillance (n
= 18) and physiotherapy (n = 1). The mean number of
CP patients included per study was 207 (50 and 1,171).
The mean age of study participants ranged between two
and 14.6 years. Most studies had a higher proportion of
males (58%; 44% to 75%). The mean duration of follow-
up ranged from 1.2 and 12.8 years. A full list of study
and patient characteristics for each study can be seen in
Supplementary table iv.

Measurements. In all, 14 distinct radiological measure-
ments were reported across the 47 studies. The median
(interquartile range) of measurements reported per study
was two (1 to 5). Reimers’ migration percentage was the
most common measurement (n = 44/47; 94%). The full
list of measurements identified are presented in Table I.
Clear details of the method used to calculate the meas-
urements were not stated in most studies (n = 28/47;
60%); nevertheless, definitions were consistent across
studies that did clearly provide one. Supplementary table
v contains the measurements and verbatim definitions in
each study.

Delphi study

Participant characteristics. The 14 measurements identi-
fied in the systematic review were presented to 22 partic-
ipants in the first round of the Delphi process, including
21 orthopaedic surgeons (95%) and one physiotherapist
(5%). Participation was predominantly from the UK (n =
17; 77%), with two additional participants from the USA
(n = 2; 9%), and one each from the Netherlands, India,
and Thailand. Only one participant did not also take part
in round two.
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Fig. 2
Summary of Delphi responses over round one and two. A total of 16 measurements were scored over the two rounds with Reimers’ migration percentage
reaching 'consensus in' and Mose hip ratio, centre edge angle, acetabular depth ratio, Hilgenreiner epiphyseal angle, pelvic femoral angle and medialization
index reaching 'consensus out'. Sourcil Tonnis angle and femoral head shape/congruency were scored for the first time in round two.

Round one and two. At the end of round one, two of the
14 measurements reached consensus (Figure 2). Reimers’
migration percentage was voted ‘include’, and Mose hip
ratio was voted ‘exclude’. Two new measurements were
also suggested: Sourcil Ténnis angle and femoral head
shape/congruency; they were included in round two.

In round two, 14 measurements were presented,
excluding the two that reached consensus and including
the two newly suggested measurements. Of these
measurements, five reached consensus to ‘exclude’ from
the CMS (centre edge angle, acetabular depth ratio,
Hilgenreiner epiphyseal angle, pelvic femoral angle,
and medialization index); none reached consensus for
‘include’. In total, after the two rounds of Delphi, one

measurement was voted ‘include’, six were ‘exclude’, and
nine measurements did not reach consensus (see Supple-
mentary table vi).

Final consensus meeting. The nine remaining equivo-
cal measurements were discussed in a final consensus
meeting. Of these, the consensus group decided that
head-shaft angle should be included in the CMS. There
was a debate between head-shaft angle and neck-shaft
angle, as both were broadly identified to be important
throughout the Delphi study. However, neck-shaft an-
gle is known to be poorly reproducible in CP, given the
influence of hip rotation.? Furthermore, the consensus
group identified that head-shaft angle had greater utility
as part of the risk calculation of hip displacement using
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h 4

Final CMS consists of 2
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Overview of the development of the CMS. Fourteen measurements
were initially identified from the systematic review. After undertaking a
Delphi process, two measurements reached consensus to form the core
measurements set: Reimer’s hip migration and femoral head-shaft angle.
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the Uppfoljningsprogram for cerebral pares (CPUP) Hip
Score.*

Acetabular index was also keenly discussed as a useful
measurement, but was ultimately excluded as it was not
considered critically important, although potentially
advantageous to record in future research. Overall, of the
nine equivocal measurements, only head-shaft angle was
included in the CMS.

Therefore, the final CMS consisted of Reimers’ migra-
tion percentage and head-shaft angle (Figure 3).

Discussion

This is the first study to establish a CMS for reporting
in studies on CP hip disease. Clinicians were clear that
Reimers’ migration percentage was the most useful
measurement, with head-shaft angle adding additional

critical information to inform decision-making; therefore,
they comprise the CMS.

Reimers’ migration percentage was the only
measurement to reach consensus to ‘include' during
the two-round Delphi survey, with 95% of participants
considering it 'critically important'. This widespread
consensus is reflected in the literature. Reimers’ migra-
tion percentage was the most reported measurement in
the systematic review, appearing in 96% of studies. For
comparison, the second most reported measurement
appeared in 60% studies. Reimer’s migration percentage
also has an excellent intra- and inter-rater reliability.?>2®
Moreover, Analan et al*® concluded that physician experi-
ence does not affect results, further corroborating its reli-
ability. Reimers’ migration percentage is also minimally
influenced by femoral rotation and can be measured
easily.?? Consequently, Reimers’ migration percentage is
considered the gold standard for assessing hip displace-
ment in CP.28:3031

Head-shaft angle was the fourth most commonly
reported measurement in the systematic review. Contro-
versies exist regarding the utility of HSA as a predictor of
hip displacement, particularly in children aged below five
years.3%3233 This was reflected in the Delphi responses,
demonstrating ‘no consensus’ after two rounds. Despite
the debate surrounding its utility, its contribution to the
CPUP hip score adds to its value.?*3%3 The CPUP hip score
has been assessed in multiple populations, achieving
a high discriminatory accuracy in evaluating risk of hip
displacement.?*3¢ Prospectively, the automatic calcula-
tion of core radiological measurements and hip displace-
ment risk scores stand as an essential requirement for a
fully-autonomous hip surveillance system; omitting head-
shaft angle from the CMS could limit the potential appli-
cation of such a system.? Moreover, the head-shaft angle
percentage is already standardized within the protocol of
prominent national hip surveillance programmes such
as CPIPS, further highlighting its utility.* In line with
these factors, head-shaft angle was deemed ‘critically
important' in the final consensus meeting, warranting
inclusion in the CMS.

The other measurement that caused uncertainty was
neck-shaft angle. While neck-shaft angle is of clear clin-
ical utility in planning surgery in CP,33? its role in surveil-
lance is unclear. Neck-shaft angle requires both hips to be
appropriately rotated to get an accurate measurement.
Insufficient internal rotation of the hip results in inaccu-
rate measurements.*® Although mathematical solutions
have been developed to correct this rotational effect, the
correctional outcome cannot be reliably verified.*'Addi-
tionally, there are other shortcomings that further support
its exclusion from the CMS. Boese et al*' reported high
variance in the reporting of neck-shaft angle and identi-
fied inconsistent methods of measurement as the main
concern. Inconsistently reported measurements cannot
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successfully facilitate comparisons between studies or
achieve uniformity in the reporting of CP hip radiographs.
Furthermore, some authors have identified a preference
for head-shaft angle over neck-shaft angle, suggesting
that neck-shaft angle may underestimate the deformity
of the proximal femur given the valgus position of the
femoral head in comparison to the femoral neck.*?

The formation of a CMS will standardize the evalua-
tion of hip radiographs in CP children and reduce hetero-
geneity in the reporting of CP hip radiographs. Up to
now, it has been difficult to make comparisons between
studies, with few studies being directly comparable.
This lack of uniformity is also evident across surveillance
programmes. For example, the Australian Hip Surveil-
lance Guidelines for Children with Cerebral Palsy (2020)*
only supports the recording of Reimer’s migration
percentage, while Scotland’s CPIPS manual (2017)* addi-
tionally includes head-shaft angle. The implementation
of a CMS can improve the quality of reporting, reduce
the risk of reporting bias, and allow comparisons to be
drawn between individual patients, centres, and studies.
We hope this CMS will directly inform the development
of Al tools to analyze radiographs in hip surveillance
programmes. Fully-automated measurements would
optimize monitoring, easing clinician work-load,'®'” and
potentially facilitating reliable, consistent, and accurate
calculations. Moreover, this software could mitigate
healthcare inequalities, especially in regions with limited
healthcare access where implementing the CMS may be
impractical. This study identified the key measurements
needed to create clinically impactful software.

The strengths of this study lie in the robust consensus
building process used to establish the CMS; however,
as is inherent to all consensus studies, the final output
reflects the participants sampled. Our study includes a
broad array of clinicians, with transparency throughout
in how and why decisions were made. The biggest criti-
cism may come from the decisions made during the final
consensus meeting, though the lack of clear consensus
through the Delphi meant that definitive decisions
needed to be made. The Delphi survey also suffered from
a lack of participation by healthcare professionals other
than orthopaedic surgeons. In particular, participation
from physiotherapists could have been improved given
their increasing role in assessing children with CP.

In summary, we have identified the minimum measure-
ments that should routinely be recorded and reported in
studies/surveillance programmes of hip disease in chil-
dren with CP. The CMS consists of two measurements:
Reimers’ migration percentage and head-shaft angle.
These measurements will help standardize the evalua-
tion of CP hip disease, allowing better comparisons to
be made in audit and research, as well as potentially
improving surveillance programmes. We hope that this
will also inform the development of software capable of

automatically analyzing hip radiographs in children with
CP, to enable automation and standardization.

A Take home message

’) - The core measurement set (CMS) for analyzing hip disease
among children with cerebral palsy includes Reimers'
migration percentage and femoral head-shaft angle.

- Implementing this CMS can promote consistency, facilitate

comparisons, and support the development of tools to automate

analysis in clinical practice, research, and hip surveillance programmes.

Twitter

Follow P. J. S. Joseph @PJSJoseph
Follow L. Minta @livunilibrary
Follow D. C. Perry @MrDanPerry

Supplementary material
Tables showing systematic review search strategy

for PubMed, SCOPUS, and Web of Science; studies

that were not accessible; studies included in the
systematic review; study details and patient characteris-
tics; Delphi round one responses; and figure showing the
Delphi surveys.

References

1. Oskoui M, Coutinho F, Dykeman J, Jetté N, Pringsheim T. An update on the
prevalence of cerebral palsy: A systematic review and meta-analysis. Dev Med Child
Neurol. 2013;55(6):509-519.

2. Lins LAB, Watkins CJ, Shore BJ. Natural history of spastic hip disease. J Pediatr
Orthop. 2019;39(Issue 6, Supplement 1 Suppl 1):S33-S37.

3. Ramstad K, Terjesen T. Hip pain is more frequent in severe hip displacement:

A population-based study of 77 children with cerebral palsy. J Pediatr Orthop B.
2016;25(3):217-221.

. Samilson RL, Tsou P, Aamoth G, Green WM. Dislocation and subluxation of
the hip in cerebral palsy: pathogenesis, natural history and management. JBJS.
1972;54(4):863-873.

. Terjesen T. The natural history of hip development in cerebral palsy. Dev Med Child
Neurol. 2012;54(10):951-957.

6. Hagglund G, Alriksson-Schmidt A, Lauge-Pedersen H, Rodby-Bousquet E,
Wagner P, Westhom L. Prevention of dislocation of the hip in children with cerebral
palsy: 20-year results of a population-based prevention programme. Bone Joint J.
2014;96-B(11):1546-1552.

. Hollung SJ. Surveillance of Cerebral Palsy in Norway, a National Registry-Based
Study. Norway: NTNU, 2019.

. Rasmussen HM, Nordbye-Nielsen K, Mgller-Madsen B, et al. The Danish
cerebral palsy follow-up program. Clin Epidemiol. 2016;8:457-460.

. Miller S, Mulpuri K, 0'Donnell M. British Columbia Consensus Statement
on Hip Surveillance for Children with Cerebral Palsy: Information for Health
Care Professionals Caring for Children with Cerebral Palsy. 2018. https://www.
childhealthbc.ca/sites/default/files/clinical_booket_hip_surveillance_march_2018.
pdf (date last accessed 11 October 2023).

10. Wynter M, Gibson N, Willoughby KL, et al. Australian hip surveillance
guidelines for children with cerebral palsy: 5-year review. Dev Med Child Neurol.
2015;57(9):808-820.

11. Wordie SJ, Robb JE, Hagglund G, Bugler KE, Gaston MS. Hip displacement
and dislocation in a total population of children with cerebral palsy in Scotland. Bone
Joint J. 2020;102-B(3):383-387.

12. Dobson F, Boyd RN, Parrott J, Nattrass GR, Graham HK. Hip surveillance in
children with cerebral palsy. Impact on the surgical management of spastic hip
disease. J Bone Joint Surg Br. 2002;84-B(5):720-726.

13. Elkamil Al, Andersen GL, Héagglund G, Lamvik T, Skranes J, Vik T. Prevalence
of hip dislocation among children with cerebral palsy in regions with and without
a surveillance programme: a cross sectional study in Sweden and Norway. BMC
Musculoskelet Disord. 2011;12:284.

=

o

~

(-]

BONE & JOINT OPEN


https://www.childhealthbc.ca/sites/default/files/clinical_booket_hip_surveillance_march_2018.pdf
https://www.childhealthbc.ca/sites/default/files/clinical_booket_hip_surveillance_march_2018.pdf
https://www.childhealthbc.ca/sites/default/files/clinical_booket_hip_surveillance_march_2018.pdf

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

31

RADIOLOGICAL ASSESSMENT OF HIP DISEASE IN CHILDREN WITH CEREBRAL PALSY 831

Gaston MS. CPIPS: musculoskeletal and hip surveillance for children with cerebral
palsy. Paediatr Child Health. 2019;29(11):489-494.

McDonald RJ, Schwartz KM, Eckel LJ, et al. The effects of changes in utilization
and technological advancements of cross-sectional imaging on radiologist workload.
Acad Radiol. 2015;22(9):1191-1198.

SegevE, Hemo Y, Wientroub S, et al. Intra- and interobserver reliability analysis of
digital radiographic measurements for pediatric orthopedic parameters using a novel
PACS integrated computer software program. J Child Orthop. 2010;4(4):331-341.
Amen J, Perkins 0, Cadwgan J, Cooke SJ, Kafchitsas K, Kokkinakis M.
Measuring hip migration percentage in cerebral palsy using the HipScreen app. Bone
Jt Open. 2023;4(5):363-369.

Briganti G, Le Moine 0. Artificial Intelligence in Medicine: Today and Tomorrow.
Front Med (Lausanne). 2020;7:27.

Williamson PR, Altman DG, Bagley H, et al. The COMET Handbook: version 1.0.
Trials. 2017;18(Suppl 3):280.

Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for systematic
review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev.
2015;4(1):1.

Clarke N. Bristish society for children’s Orthopaedic surgery. J Bone Joint Surg
Br. 2008;90-B:520-523. http://pascal-francis.inist.fr/vibad/index.php?action=
getRecordDetail&idt=20623907 (date last accessed 10 October 2023).

Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. Introduction-
GRADE evidence profiles and summary of findings tables. J Clin Epidemiol.
2011,64(4):383-394.

Lechler P, Frink M, Gulati A, et al. The influence of hip rotation on femoral offset
in plain radiographs. Acta Orthop. 2014;85(4):389—395.

Hermanson M, Héagglund G, Riad J, Rodby-Bousquet E, Wagner P. Prediction
of hip displacement in children with cerebral palsy: development of the CPUP hip
score. Bone Joint J. 2015;97(10):1441-1444.

Cliffe L, Sharkey D, Charlesworth G, Minford J, Elliott S, Morton RE. Correct
pasitioning for hip radiographs allows reliable measurement of hip displacement in
cerebral palsy. Dev Med Child Neurol. 2011;53(6):549-552.

Analan PD, Yilmaz EE, Adam M, Leblebici B. The effect of physician experience
on the measurement reliability of the Reimers" hip migration percentage in children
with cerebral palsy. J Phys Ther Sci. 2015;27(10):3255—-3258.

Shore BJ, Martinkevich P, Riazi M, et al. Reliability of radiographic assessments
of the hip in cerebral palsy. J Pediatr Orthop. 2019;39(7):e536—-e541.

Craven A, Pym A, Boyd RN. Reliability of radiologic measures of hip displacement
in a cohort of preschool-aged children with cerebral palsy. J Pediatr Orthop.
2014;34(6):597-602.

Reimers J, Bialik V. Influence of femoral rotation on the radiological coverage of
the femoral head in children. Pediatr Radiol. 1981;10(4):215-218.

Chougule S, Dabis J, Petrie A, Daly K, Gelfer Y. Is head-shaft angle a
valuable continuous risk factor for hip migration in cerebral palsy? J Child Orthop.
2016;10(6):651-656.

Wek C, Chowdhury P, Smith C, Kokkinakis M. Is the gothic arch a reliable
radiographic landmark for migration percentage in children with cerebral palsy? J
Child Orthop. 2020;14(5):397-404.

Terjesen T, Horn J. The femoral head-shaft angle is not a predictor of hip
displacement in children under 5 years with cerebral palsy: a population-based study
of children at GMFCS levels iii-v. J Pediatr Orthop. 2021;41(8):e659—-e663.

van der List JPJ, Witbreuk MM, Buizer Al, van der Sluijs JA. The prognostic
value of the head-shaft angle on hip displacement in children with cerebral palsy. J
Child Orthap. 2015;9(2):129-135.

Hermanson M, Hagglund G, Riad J, Wagner P. Head-shaft angle is a risk factor
for hip displacement in children with cerebral palsy. Acta Orthop. 2015;86(2):229-232.
Finlayson L, Czuba T, Gaston MS, Hagglund G, Robb JE. The head shaft angle
is associated with hip displacement in children at GMFCS levels IlI-V - a population
based study. BMC Musculoskelet Disord. 2018;19(1):356.

Gaston MS, Wordie SJ, Wagner P, Hagglund G, Robb JE. The CPUP Hip Score
predicts displacement of the hip in children with cerebral palsy. Bone Joint J.
2022;104-B(5):640-644.

Hégglund G, Andersson S, Diippe H, Lauge-Pedersen H, Nordmark E,
Westhom L. Prevention of dislocation of the hip in children with cerebral palsy. The

first ten years of a population-based prevention programme. J Bone Joint Surg Br.
2005;87-B(1):95-101.

38. Bobroff ED, Chambers HG, Sartoris DJ, Wyatt MP, Sutherland DH. Femoral

anteversion and neck-shaft angle in children with cerebral palsy. Clin Orthop Relat
FRes. 1999;364:194-204.

39. Oetgen ME, Ayyala H, Martin BD. Treatment of hip subluxation in skeletally

mature patients with cerebral palsy. Orthopedics. 2015;38(4):e248-52.

40. Kay RM, Jaki KA, Skaggs DL. The effect of There are significant controversies

regarding the utility of femoral rotation on the projected femoral neck-shaft angle. J
Pediatr Orthop. 2000;20(6):736-9.

41. Boese CK, Dargel J, Oppermann J, et al. The femoral neck-shaft angle on plain

radiographs: a systematic review. Skeletal Radiol. 2016;45(1):19-28.

42. Foroohar A, McCarthy JJ, Yucha D, Clarke S, Brey J. Head-shaft angle

measurement in children with cerebral palsy. J Pediatr Orthop. 2009;29(3):248-250.

43. No authors listed. Australian hip surveillance guidelines for children with cerebral

palsy. Australasian Academy of Cerebral Palsy and Developmental Medicine. 2020.
https://www.ausacpdm.org.au/resources/australian-hip-surveillance-guidelines/
(date last accessed 11 October 2023).

44. No authors listed. Cerebral Palsy Integrated Pathway Scotland (CPIPS). NHS

Scotland. 2017. https://apcp.csp.org.uk/system/files/cpips_manual_2017.pdf (date
last accessed 11 October 2023).

Author information:
= P.J. S. Joseph, MPhil, Medical Student
= L. Minta, BA(Hons), MSc, Liaison Librarian
University of Liverpool, Liverpool, UK.
= M. Khattak, MBChB, MRes, MRCS, ACF Specialist Registrar Trauma & Orthopaedics
= D. C. Perry, MB,ChB (Hons), MA (Oxon), FRCS (Eng), FRCS (Ed), PhD, Professor of
Children’s Surgery, NIHR Research Professor
University of Liverpool, Liverpool, UK; Alder Hey Children’s Hospital, Liverpool, UK.
= S. T. Masudi, MBChB (Hons), Academic Foundation Doctor, Hull University Teaching
Hospitals, Hull, UK.

Author contributions:

= P.J. S. Joseph: Conceptualization, Data curation, Formal analysis, Methodology,
Visualization, Writing — original draft, Writing — review & editing.

M. Khattak: Conceptualization, Methodology, Writing — review & editing.

= S. T. Masudi: Data curation, Formal analysis, Writing — review & editing.

= L. Minta: Data curation, Writing — review & editing.

= D. C. Perry: Conceptualization, Methodology, Supervision, Writing — review &
editing.

Funding statement:
= The author(s) received no financial or material support for the research, authorship,
and/or publication of this article.

ICMJE COI statement:

B M. Khattak declares a AOUK&I 2021 Major Project grant of £3,500, which is
unrelated to this work. D. C. Perry is an NIHR Research Professor, funded by the
National Institute for Health Research (NIHR) Academy during the study. The views
expressed in this report are those of the author(s) and not necessarily those of the
NIHR or the Department of Health and Social Care. In addition, L. Minta reports
employment by the University of Liverpool, UK, also during the study.

Data sharing:
= All data generated or analyzed during this study are included in the published article
and/or in the supplementary material.

Acknowledgements:

= The authors of this study would like to thank the participants of the Delphi study for
their time and responses. Additionally, they would like to extend their thanks to the
surgeons who participated in the final consensus meeting: Mark Gaston (Royal Hos-
pital for Sick Children, Edinburgh), Stephen Cooke (University Hospital Coventry &
Warwickshire), David M. Wright (Alder Hey Children's Hospital), and Daniel C. Perry
(University of Liverpool and Alder Hey Children's Hospital).

Open access funding:
= The authors report that they received open access funding for this manuscript from
the University of Liverpool, UK.

© 2023 Joseph et al. This article is distributed under the terms of the Creative
Commons Attributions (CC BY 4.0) licence (https://creativecommons.org/ licenses/
by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium or format, provided the original author and source are credited.

VOL. 4, NO. 11, NOVEMBER 2023


http://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=20623907
http://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=20623907
https://www.ausacpdm.org.au/resources/australian-hip-surveillance-guidelines/
https://apcp.csp.org.uk/system/files/cpips_manual_2017.pdf
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Radiological assessment of hip disease in children with cerebral palsy: development of a core measurement set
	Introduction
	Methods
	Delphi study

	Results
	Delphi study

	Discussion
	Supplementary material
	References
	Funding statement:
	Acknowledgements:


