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Abstract

Aim: To develop consensus on a core set of standardized outcome measures to be
applied to each domain of the previously developed core outcome set for lower limb
orthopaedic surgery for ambulant children with cerebral palsy (CP).

Method: This work consisted of the following three steps: (1) a scoping review of
the literature to identify previously used outcome measures to assess lower limb
orthopaedic surgery of ambulant children with CP; (2) searching the COnsensus-
based Standards for the selection of health Measurement Instruments (COSMIN) and
PubMed databases to assess the quality of the psychometric properties of outcome
measures and feasibility criteria; and (3) a consensus meeting with seven healthcare
professionals with expertise in CP research and in the assessment of outcome
measure psychometric properties was held in September 2021. Consensus on the
outcome measures core set was developed through presentation of the evidence and
whole-group discussions.

Results: A combination of clinician-driven and patient-reported outcome meas-
ures was considered the most appropriate way to assess the outcome of ortho-
paedic surgical interventions. Agreement was reached on seven core outcome
measures: three-dimensional gait analysis, Edinburgh Visual Gait Scale, Gross Motor
Function Measure, Gait Outcome Assessment List, Gillette Functional Assessment
Questionnaire, Patient-Reported Outcome Measure Instrument System (pain inter-
ference, and fatigue), and Cerebral Palsy Quality of Life for Children questionnaire.
Interpretation: This study recommends a set of core outcome measures for use in re-
search on lower limb orthopaedic surgery for ambulant children with CP. Consistent
use of this core set would enhance validity and comparability of future research.

Outcome measures provide a common language among
researchers and clinicians in determining the success and
impact of an intervention."? Previous literature reviews
have demonstrated significant variability in the outcome
measures used after lower limb orthopaedic surgery to
improve gait in children with ambulant cerebral palsy
(CP).>* With a growing demand for orthopaedic surgi-
cal interventions for children with CP, outcome measures

are necessary tools to assess clinical effectiveness in this
field.” Outcome measures need to be valid, reliable, and
responsive to change, otherwise there is a risk of imprecise
or biased results.

Most studies on lower limb surgery report results in
terms of CP impairment (e.g. spasticity, joint range of
motion, gait pathology) using objective outcome mea-

4,6-8 B ;
sures. However, it is becoming clear that the success of

Abbreviations: COMET, Core Outcome Measures in Effectiveness Trials; COSMIN, COnsensus-based Standards for the selection of health Measurement INstruments;
CP-QoL, Cerebral Palsy Quality of Life for Children; EVGS, Edinburgh Visual Gait Scale; Gillette FAQ, Gillette Functional Assessment Questionnaire; GMFM-66, Gross
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a procedure is not merely judged by the alleviation of any
symptoms or deformity correction, but also determined
by its impact on the child's life (e.g. daily life activities,
social participation, quality of life [QoL]).” There has been
a shift of the emphasis away from objective outcome mea-
sures towards self- or proxy-reported measures of surgical
outcomes.” This has led to an increase in the development
of patient-reported outcome measures designed to assess
the impact of the surgery from the patients' and/or carers'
perspectives.

Given that the number of available outcome measures has
significantly increased, deciding which outcome measures to
use is becoming a challenge."! It is not surprising that there is
inconsistency and heterogeneity in outcome measures across
studies in this field. There are multiple outcome measures
available for each health construct (outcome domain).>* For
example, a review published in 2020 identified 29 outcome
measures used in research between 2016 and 2019 for the
measurement of lower limb orthopaedic surgical outcomes
in ambulant children with CP.? This variability increases the
risk of poor-quality outcome measures being used, which
can introduce information bias into research and practice.
Another problem is that the inconsistency and variability of
outcome measures hampers the comparability of results and
makes conducting meta-analysis challenging.>*'

The problems arising from the inconsistent use of out-
come measures can be addressed by the development of
a core outcome set, as proposed by the Core Outcome
Measures in Effectiveness Trials (COMET) initiative.!>!* A
core outcome set is an agreed minimum set of outcomes to
be measured and reported in all clinical research and prac-
tice in a specific health condition or intervention. The de-
velopment of a core outcome set is a two-step process: first,
determining which outcome domains should be included in
the core outcome set; and second, achieving consensus on
the most appropriate outcome measures, the tools to be used
for these outcomes to be measured.'*"?

The development of a core outcome set of domains to
be used after lower limb orthopaedic surgery in children
with CP has been previously completed with involvement
of children and young adults with CP, representatives (fam-
ily members or carers), and health professionals (clinicians
and researchers).>'®™1® Consensus was achieved on 19 core
outcomes in eight domains: pain and fatigue, lower limb
structure, motor function, mobility (daily life activities),
gait-related outcomes, physical activity, independence, and
QoL.16

The aim of this current study was to develop recommen-
dations for appropriate clinical and patient-reported out-
come measures to be used in assessing the above outcome
domains. The COnsensus-based Standards for the selection
of health Measurement INstruments (COSMIN) initiative
(http://www.cosmin.nl/) was used for the optimal selection
of outcome measures. The objectives of this study were (1)
to determine the quality and feasibility (ease-of-use) of the
most frequently used outcome measures in the field of lower
limb orthopaedic surgery for ambulant children with CP

What this paper adds

« Consensus was reached on seven outcome meas-
ures to support comparability and implementation.

o Adoption of the core measures will improve re-
search consistency.

« Adoption will also improve quality of lower limb
orthopaedic surgery for ambulant children with
cerebral palsy.

o This core set of outcome measures provides a
robust foundation for conducting meta-analyses
within the field of evidence-based medicine.

and (2) to formulate consensus-based recommendations on

a set of core outcome measures to cover the previously de-
. . .16

fined eight core outcome domains.

METHOD

The research methods are based on published guidelines
developed by COMET and COSMIN in 2016."” A study
protocol defining objectives and the consensus methodology
for this study have been published previously.'* The selection
of core outcome measures comprises the following steps:
(1) conceptual considerations (i.e. scope); (2) identification
of existing outcome measures; (3) quality assessment of
outcome measures; and (4) generic recommendations on
the selection of outcome measures for a core measures set.
Figure S1 summarizes the method used to develop this
standard set of outcome measures.

Step one: conceptual considerations

The aim of this step was to define the target population and
construct (i.e. outcome or domain) to be measured. The
target population included ambulant children and young
people aged between 6 years and 18 years, classified in levels
L II, or III of the Gross Motor Function Classification System
(GMFCS).?° The core outcome measures would aim to cover
the previously identified core domains discussed above: (1)
pain and fatigue, (2) lower limb structure, (3) motor function,
(4) mobility (daily life activities), (5) gait-related outcomes,
(6) physical activity, (7) independence, and (8) QoL.'

Step two: identify existing outcome measures

To identify outcome measures, a scoping review was con-
ducted on the basis of our previous review of the existing
literature on lower limb orthopaedic surgery for ambulant
children with CP.> A systematic search (from Ist January
2016-30th July 2019) was also performed in five databases:
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PubMed, CINAHL, MEDLINE, Embase, and Cochrane-
controlled trial registry. The search terms specified the study
population ‘cerebral palsy’ and the target intervention ‘sur-
gical procedures’, or ‘surgery’, or ‘operative’. The reference
lists of all included studies were searched to identify any
potentially relevant studies. This search was supplemented
by findings from two previous scoping reviews in this area
published before 2016.%*

To be considered for inclusion, studies had to (1) report at
least one outcome measure; (2) include children and young
people with CP (aged from birth-20years) and diagnosed
with ambulatory CP, levels I to III of the GMFCS; (3) in-
volve any lower limb orthopaedic surgery; and (4) be pub-
lished in English. A detailed process of study selection and
data extraction and synthesis has been published elsewhere.’
The breadth and depth of the content of included outcome
measures were examined to support decision on suitabil-
ity of the measures for the core outcome domains for lower
limb orghopaedic surgical interventions that were identified
earlier.'

Step three: quality assessment of outcome
measures

In accordance with the COSMIN guideline,” judging the
quality of an outcome measure requires evaluation of its
psychometric properties. Nine measurement properties were
defined and subdivided into three major groups; validity,
reliability, and responsiveness.'”** The COSMIN guidance
was used in this study, including a three-stage appraisal
process for each psychometric property: (1) methodological
quality analysis; (2) level of evidence synthesis; and (3) best
evidence synthesis.

Methodological quality analysis

The methodological quality of each study was rated with
regard to the nine measurement properties.”> A four-point
scoring system was used: excellent, good, fair, and poor.
This provided an overall score for the methodological qual-
ity of a study for each category of measurement property
under examination. In line with the COSMIN guideline,
the overall rating of each category was given as the lowest
level response to any item in that category (psychometric
property).”

Level of evidence synthesis

Level of evidence synthesis assessed whether the results for
each measurement property were satisfactory.24 Three pos-
sible levels of evidence were used: positive (+), indeterminate
(%), and negative (). Where no information was available, a
zero (0) rating was given. A description of these criteria is
available in Appendix SI.

Best evidence synthesis

Best evidence synthesis rated the quality of the body of
evidence on each property (Appendix S1). To examine the
best evidence synthesis, the methodological quality rating
for the measurement properties of each outcome measure
was presented alongside the level of evidence in each study.
This enabled the drawing of inferences on the relative
robustness of evidence for each outcome measure."”

For this study, the COSMIN (http://database.cosmin.
nl/) database was searched in July 2020 for studies that had
investigated the psychometric properties of outcome mea-
sures in children with CP to determine the current state of
the quality of the identified outcome measures in the field
of CP lower limb orthopaedic surgery. The detailed process
and methods are provided in Appendix S2.

PubMed search

A further search was conducted in July 2020 through the
sensitive PubMed search filter, as proposed by COSMIN, for
measurement properties used® for outcome measures that
had no existing systematic review on their psychometric
properties. Search key terms were (1) general names for
outcome measures; (2) multidimensional health construct
terms; (3) cerebral palsy; and (4) key terms relevant to
psychometric performance. To ensure the transparency of
the process, two researchers (HA and RK) independently
conducted the search and assessed the quality of the studies.
Any discrepancy was discussed, and consensus was reached
through discussion between the researchers.

Feasibility

The feasibility aspect of the outcome measure was also con-
sidered. This step required an evaluation of the interpret-
ability, ease of administration, type and length of outcome
measure, its completion time, costs, the equipment required
to use it, type of administration, and other practical aspects.
These feasibility criteria of each outcome measure were gath-
ered from several resources such as the outcome measure's
manual, primary development studies, or existing reviews.

Data extraction

Data from the COSMIN database and the PubMed search
were extracted using standardized, piloted data extraction
in Microsoft Excel. For each included outcome measure, the
following were extracted: name, abbreviation, the purpose of
measure, number of items, age range, the responder (clinician,
child and/or parent as proxy), response options, completion
time, health domains assessed, methods for scoring, training
requirement, COSMIN best evidence synthesis criteria for the
nine psychometric properties, and the key reference.
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Step four: generic recommendations—consensus
meeting

The evidence that was generated in steps 2 and 3 was used
to inform a consensus process to decide whether or not the
individual outcome measures were recommended for the
assessment of the relevant core outcome domains. Ethical
approval for the consensus meeting was gained from the
relevant Research Ethics Committee (19/SC/0357).

Seven healthcare professionals with expertise in CP re-
search and in assessing psychometric properties and usability
of outcome measures were invited to take part. The meeting
was held online in September 2021. The consensus meeting
involved a combination of presentations of background in-
formation, and the roadmap was described to enable partic-
ipants to understand fully how we had defined the outcome
measures, followed by a presentation of the overview of the
current state of the shortlisted outcome measures in terms of
their quality and feasibility. A whole-group discussion with
the participants was undertaken, to reflect on the outcome
measures. The goal was to identify the most optimal outcome
measures and to consider their suitability in matching the
outcome domains, on the basis of their psychometric prop-
erties and feasibility criteria. Given the relatively small ex-
pert panel size (n = 7), the group achieved consensus through
collaborative discussion. Any areas of disagreement were
resolved through iterative dialogue and clarification, allow-
ing all panel members to contribute their expert perspectives
until mutual agreement was reached on the final set of a core
outcome measures. A consent was obtained from all the pan-
ellists to audio record the meeting and field notes to be taken
to accurately link the profession associated with each discus-
sion point made.

RESULTS
Identify existing outcome measures

In total, 354 eligible studies were identified which reported
43 different outcome measures. The output of the initial
screening against pre-specified criteria was a list of 20
outcome measures that were considered as potential core
outcome measures. The list is shown in Appendix S3. Table 1
illustrates the mapping of the potential measures to the eight
core outcomes (domains).

Quality assessment of outcome measures

Nine systematic reviews evaluating the psychometric prop-
erties of the 17 outcome measures were identified in the
COSMIN database. Twelve studies evaluating the psycho-
metric properties of the three outcome measures (Gait
Outcome Assessment List [GOAL], Pediatric Outcomes Data
Collection Instrument, and Patient-Reported Outcomes
Measurement Information System [PROMIS]) were identified

from the PubMed search and were appraised according to
the COSMIN criteria (Appendix S4). The quality assessment,
best evidence synthesis, and feasibility of the shortlisted 20
outcome measures are provided in Appendix S4.

Consensus meeting recommendations

The consensus group recommended seven outcome measures
to be used, where possible, in studies of lower limb orthopae-
dic surgery for ambulant children with CP. This core set of
measures addressed comprehensively the previously deter-
mined set of eight core outcome domains. The recommended
outcome measure(s) for each of the eight core outcome do-
mains is discussed below and summarized in Figure SI and
Table 2. The psychometric properties and feasibility of these
outcome measures are shown in Tables 3 and 4.2

Domain 1: pain, discomfort, and fatigue

The consensus group felt that the pain location and pain
interference with the child's daily life were essential aspects
of pain to consider in the evaluation of outcomes. Two
measures reached consensus: the GOAL’ and PROMIS
(computer adaptive tests for pain interference).”® The GOAL
questionnaire was favoured over the PROMIS because the
GOAL is a condition-specific measure designed to evaluate
the effectiveness of surgical interventions in children with
CP. Although condition-specific measures may be more
sensitive to change, the PROMIS, which is a generic measure,
was recommended as the preferred measure for comparison
of the CP population with other paediatric orthopaedic
conditions.

On the basis of the consensus panel's discussion about
fatigue outcomes, addressing fatigue is a significant con-
cern for children with CP. While the GOAL measure was
recommended as the best among the available measures,
the panel recommended a desire for a more comprehensive
assessment that separates fatigue from pain. The panel em-
phasized the need for additional research and potentially
more focused outcome measures. Similar to the pain mea-
sures, the panel believed incorporating a generic measure
for fatigue, such as the PROMIS (fatigue), could enhance
comparability with other conditions, providing a broader
context for understanding disability and functional levels
in children with CP.

Domain 2: lower limb structure

The ‘lower limb structure’ domain describes the appropriate
alignment and symmetry of the lower limbs, both function-
ally and cosmetically. It is important to note that improve-
ment of lower limb structure is the primary purpose of the
surgical interventions in this field. A consensus was reached
on using the GOAL questionnaire on the basis that this
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TABLE 2 The recommended outcome measures for each core -
@»
outcome domains. Y G =
= [\ =
Domain Outcomes Outcome measures "‘3 SEE « Y| g
Pai Pai GOAL, PROMIS KA N N HE
ain, am > 3y
discomfort, (pain interference) - =
and fatigue . 3 <]
Muscle fatigue GOAL £ o
E = £
Energy level after activities ~ GOAL, PROMIS 2 E g
(fatigue) 2 e
g I G g
Lower limb Alignment and symmetry ~ GOAL F o & © & + ©o o + +| E
structure 'QU; g
—
Motor Standing position GOAL, GMFM-66 5 é
. =} =l
function Fall and balance GOAL 2 & 2z
3 5 =
Mobility: daily ~ Basic life activities GOAL b= - 532
i ivi Of ©c c o a + a o + of =8
it et oilyy Climbing stair GOAL g =
e O
Mobility: Walking speed GOAL _ b g
walking . . . s E 3
Walking distance GOAL, Gillette FAQ i =8
— o
Walking endurance GOAL LI=) o § 2
@ = 5 o
Walking pattern (quality) 3DGA, EVGS, § E + A E‘
GOAL Of ©c c o 0o oo o + o (:D'vs' <
.8
Walking ability Gillette FAQ, GOAL 5 ki
Using orthosis, splint, and GOAL a % §
brace ] 3 Q
=Y - &
o s Y
Using assistive device GOAL &2 . + t & )
== + + + + + + + +| =8
Participation Physical activity GOAL N < 2 %
> 2
Independence Independence GOAL ]
5~
Quality of life Self-esteem GOAL, CP-QoL 2 £ 3
2 & 506
Well-being 3 By
=i 5o
Abbreviations: 3DGA, three-dimensional gait analysis; CP-QOL, Cerebral Palsy B © < <= Yl B L?_] 7
Quality of Life for Children; EVGS, Edinburgh Visual Gait Scale; Gillette FAQ, ;r:f -
Gillette Functional Assessment Questionnaire; GMFM-66, Gross Motor Function !‘5‘ g
measures; GOAL, Gait Outcomes Assessment List; PROMIS, Patient-Reported > o = 2
. §=) s 2 O o
Outcomes Measurement Information System. < g 5 4
=] o = < <
=
; Of ©c o o o + o o 1 S é') %
“= 9
reflects importance of limb structure correction for the chil- ) 52
4 2
dren and their parents. < o s 3
3 S oo
5 = 5 &
£ £ 32 £3
i : E § 2 i 1 = O
Domain 3: motor function 5 £E8 ccococ foot 4|5t
3 33
Consensus was on using the Gross Motor Function Measure B - 4=
. . e e . @ o o
(GMFM—66)45 and the GOAL questionnaire as clinician- 2 E a €
. . . 5 O g
driven and patient-reported outcome measures respectively. 2 z 52
Panel members reflected on the time taken to complete the 2 g § =g
. . . . ol =}
assessment with the GMFM-66 and the training required to 3 =8 ~ « oo + 0o o of ==
. . .1 . @ < 2
complete it. However, the panel felt that the reliability, valid- £ . _ =&
-
ity, and depth of the GMFM-66 content to capture position- & & = gg
ing outcome in the motor function domain outweighed these S s N . «g z
. Qg = £
disadvantages. The GOAL was recommended to complement E & B 4o oo f 5 4+ % o|F 3
the clinician-rated measure (i.e. GMFM-66). g =8
F=R
g E 0B ¥ < g
>~ = QO A A [CIES]
& 2 O 0 O 5
. 1. ‘e g o] T
Domain 4: daily life activities - 5 g = A E¢
23] g 2' ) ’3] — E= )
S <« 5 — =S
i i = g 5 823923 i
The consensus group felt that it was important to under- > e 2 = 5 8 Qg5
. . . . . ) = Al 2 2
stand the impact of surgical interventions on the child's = <<
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Feasibility criteria of the shortlisted outcome measures.

TABLE 4

Cost References

Assessor training

Length of survey  Equipment needed

Administration time

Age

Administration format

Outcome measure

41

Lab: yes

Yes

Gait lab, software

16 items

Not specified

Not specified

Clinician

GGI
G

3DGA

41

Lab: yes

Yes

Gait lab, software

9 items

Not specified

Not specified

Clinician

DI

Lab: yes

Yes

Gait lab, software

9 items

Not specified

Not specified

Clinician

GPS

42-44
45,46
8,24

Software: yes

Yes

Video recordings

17 items

Not specified

Clinician Not specified

EVGS

Manual: yes

Yes

Computer, software

No

66 items

Clinician 0-12years 45-60 minutes

GMFM-66

Free

No

5minutes 22 items

Not specified

Self- or proxy-reported

Gillette FAQ
CP-QoL

47,48

No Free

No

Self-report = 53

items

15-25minutes

Self-report: 9-12years

Proxy-report:
4-12years

Self- or proxy-reported

Proxy-report = 66

items

10,49

Free

No

Form

48 items

12-19 minutes

9-18years

Self- or proxy-reported

GOAL

46,50-52

Free

Computer No

Not specified Not specified

Self-report: 8-17 years

Proxy-report:
5-17years

Self- or proxy-reported

PROMIS

Abbreviations: 3DGA, three-dimensional gait analysis; CP-QoL, Cerebral Palsy Quality of Life for Children; EVGS, Edinburgh Visual Gait Scale; GDI, Gait Deviation Index; GGI, Gillette Gait Index; Gillette FAQ, Gillette Functional

Assessment Questionnaire; GMFM-66, Gross Motor Function Measure; GOAL, Gait Outcome Assessment List; GPS, Gait Profile Score; PROMIS, Patient-Reported Outcomes Measurement Information System.

daily life activities. The opinions of the children and their
parents or carers were considered important in this re-
spect. Therefore, the GOAL questionnaire reached con-
sensus as the most appropriate patient-reported outcome
measure that was appropriate in assessing aspects of daily
life activities. The panel believed there was potential for
recommending the Mobility Questionnaire (MobQues47)
and Functional Independence Measure tools in the future,
depending on the results of further validation studies.

Domain 5: gait-related outcomes

The three-dimensional gait analysis (3DGA),*" Edinburgh
Visual Gait Scale (EVGS),* the Gillette Functional
Assessment Questionnaire (Gillette FAQ),” and the GOAL
questionnaire reached consensus as clinician-driven
and patient-reported outcome measures appropriate for
measuring mobility. These cover all aspects of gait-related
outcomes (e.g. speed, distance, and pattern).

The 3DGA is the criterion standard in surgical decision-
making for children with CP because it provides com-
prehensive information on joint movement and loading.
However, it requires particular expertise in gait data inter-
pretation and extensive resources for a gait laboratory. The
panel agreed that the EVGS** was a useful clinician-driven
alternative to 3DGA in settings where these resources are
limited or not available. The panel did not discuss whether
gait tests should be undertaken at preferred or fastest
walking speed. The Gillette FAQ and the GOAL are both
patient-reported outcome measures and both capture im-
portant aspects of mobility outcomes. The panel members
recommended the GOAL measure over the Gillette FAQ,
as the former provided additional items. These assessed
the level of assistance that was required for different activ-
ities and covered orthotic aspects. Similarly, the panel ac-
knowledged that the GMFM-66 and Pediatric Evaluation
of Disability Inventory demonstrate a good content val-
idation study. However, after discussion, these measures
were not recommended to measure gait because of concern
about their feasibility (administration time) and that they
may lead to respondent burden.

Domain 6: physical activity

Physical activity describes a child's ability to engage in
typical age-specific activities. The panel recommended
the GOAL patient-reported outcome measure as the best
measurement of ‘physical activity’. The GOAL includes eight
questions that specifically relate to physical activities.

Domain 7: independence

No previous study has specifically explored the impact
of lower limb orthopaedic surgery on the child's level
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of independence. The GOAL and Pediatric Outcomes
Data Collection Instrument cover aspects of the level of
independence in mobility, including self-care, mobility
indoors (home), walking, using stairs, and physical activity.
The panel recommended using the GOAL questionnaire
as a measurement of ‘independence’, because it includes
19 questions that relate to daily life activities and gait-
related outcomes relevant to independence. However,
assessors should consider the level of assistance required
when interpreting the results, as it provides important
context beyond the total or domain scores. Additionally,
the panel believed the GOAL had advantages above the
other measures, as it measures the level of happiness and
satisfaction in using assistive devices.

Domain 8: quality of life

The panel discussed the difficulties in measuring QoL owing
to its multidimensionality and felt that self-esteem and body
image contributed to it. The group discussion focused on
the variability of domains in QoL outcome measures and
agreed that no single outcome measure could cover all
aspects of QoL. Members emphasized that different outcome
measures should be suggested and used in different settings,
depending on the research question under study. Since
the panel felt unable to suggest a single preferred outcome
measure specific to QoL, two outcome measures were
recommended: the GOAL and the Cerebral Palsy Quality of
Life for Children (CP-QoL) questionnaires.47 The CP-QoL
list is a comprehensive tool that records QoL in relation to
general health, participation, communication, pain, family
and friends, school, use of special equipment, and access to
services.

Updated literature search

Following the consensus group meeting (September 2021)
and recommendations, we conducted an updated search
of the literature using the original search terms to identify
any recent relevant studies on the psychometric studies of
the identified outcome measures. The search was updated
for literature published in the COSMIN and PubMed
databases from August 2020 to July 2024. Five new
studies were identified (Appendix S5): one evaluated the
psychometric properties of the CP-QoL questionnaire and
four evaluated the psychometric properties of the GOAL
questionnaire.

The included studies in the GOAL questionnaire demon-
strated strong psychometric properties (reliability and va-
lidity) across multiple quality domains, with the exception
of concurrent validity, where further research is warranted.
Overall, the findings from this updated search did not alter
the recommendations made in 2021; more specifically, the
studies included in the updated search tended to favour the
GOAL questionnaire.

DISCUSSION

This study presents recommendations for a core set of
outcome measures to be used in research related to lower
limb orthopaedic surgery for ambulant children with CP.
We have previously developed a set of core outcome domains
to be used in research in this field of clinical practice.'® The
process of the present study involved a review to identify all
available measures to cover the previously defined domains®
and a subsequent assessment of their psychometric
properties and feasibility. This was followed by a consensus
meeting on the most appropriate outcome measures. The
outcome measures recommended by the consensus group
were a combination of clinician-driven measures: the 3DGA,
EVGS, and GMFM-66; and of patient-reported measures:
the GOAL, Gillette FAQ, PROMIS, and CP-QoL.

Schiariti et al.,*® Wright et al.,>® and Fong et al." suggested
that using a combination of clinician- and patient-reported
outcomes is appropriate and important. Some measures,
when used alone, may fail to capture the real impact of sur-
gery on the child owing to the variety of the parameters that
may influence the outcomes of interest. One example is the
measurement of gait deviations through the use of 3DGA,
which is a gait-specific outcome measure and important in
surgical decision-making.***> Studies have shown that the
postoperative improvements of gait deviations at 1 year from
treatment, as measured by 3DGA, are correlated moderately
or poorly with patient satisfaction and perceived QoL.>®
When future clinical trials are designed, relevant outcome
measures should assess the multiple aspects of the surgi-
cal outcome and reflect performance in a real-life context.
Patient-reported outcome measures should occupy a cen-
tral place in the selection of outcome measures, alongside
clinician-driven measures.

The preferred outcome measure in the consensus panel
was the GOAL, as it reflected well outcomes across the
International Classification of Functioning, Disability and
Health (ICF) for Children and Youth framework. This had
been recommended in previous reviews in this field. For
example, the review of outcome measures in this field by
Wilson et al.* stated, ‘We suggest that in order to under-
stand the full impact of lower limb orthopaedic surgery, a
suite of outcome measures across the ICF may be needed,
including the domain of activity and participation that re-
flect outcomes relevant to the patient, family, and surgeon’.
Watkins et al.” stated that ‘no single instrument can be used
to measure all of the components of the ICF” when they re-
viewed functional and health-related QoL measures for chil-
dren with CP, and recommended use of multiple measures to
cover aspects of the ICE.

Some reliability and validity of the GOAL have been rated
as ‘limited’ or ‘unknown’; however, this is to be expected be-
cause it was a newly developed measure at the time of the
review, and there was a lack of primary evaluation of its
psychometric properties. However, further empirical stud-
ies have been developed and published since our review to
assess the quality and strength of the GOAL questionnaire



OUTCOME MEASURES FOR CHILDREN WITH CP

| 9

in the context of reliability testing, validation, cultural adap-
tation in different languages (e.g. German), and responsive-
ness to change after selective dorsal rhizotomy.”*”*® The
findings of these studies added value to the knowledge of the
psychometrics properties of the GOAL questionnaire.

The inclusion of the GOAL measure' was strongly rec-
ommended for inclusion in the core set of outcome measures.
First, the use of the measure enables the research/practice
agenda to move beyond a focus on symptom management/
disability and to consider the role of surgery in other health
domains, such as gait-related outcomes, physical activity,
and the QoL of children with CP. Second, it reflects the
awareness of researchers and clinicians of the outcomes that
are relevant to the patient and family, that is, towards activ-
ity and participation.

The goal of this study was to identify the best available
outcome measures suitable for the previously agreed core
outcome domains set. The selection of the outcome mea-
sures was based on the best evidence available; however,
some of the recommended outcome measures require fur-
ther work to better understand their psychometric prop-
erties. Additionally, we note that our proposed outcome
measures include only indirect assessment of fall risks. A
more accurate and direct way to assess risk of falling would
include measuring fall risk and its impact on the child's ac-
tivities. This should be considered in future research focus-
ing on fall risks.

Apart from the 3DGA, the core outcome measures that
were recommended are commonly used assessments that
can be completed relatively quickly, require no specialized
equipment or training (with the exception of the GMFM-
66), and have minimal cost implications. It should therefore
be feasible to implement these outcome measures in future
studies on lower limb orthopaedic surgery. It is hoped that
the simplicity and flexibility of the recommended measures
will help promote uptake of this core set. Although this core
set was designed for research, its simplicity would make it
suitable for use in clinical practice, in monitoring the prog-
ress and measuring change throughout surgical treatment
and recovery.

With regards to gait analysis, kinematic and kinetics pa-
rameters and their derivatives in the form of Gait Profile
Score and Gait Deviation Index values are the most com-
monly used gait measures; more research is needed to de-
termine the most relevant gait parameters derived from the
3DGA, and the clinical examination as outcome measures.
It should also be borne in mind that the validity and reli-
ability of 3DGA measurements depends on the quality con-
trol practices of the relevant labs producing them. Critical
appraisal and scientific rigor in evaluating these parameters
is, therefore, required. However, in the absence of 3DGA,
observational gait assessment using the EVGS can serve
as a valuable alternative measure for assessing gait-related
outcomes after surgical interventions. This aligns with the
recommendation by Fong et al.,'"' who considered the use of
EVGS as one of the core outcome measures in gait corrective
orthopaedic surgery for CP.

The recommended set of core outcome measures cov-
ers comprehensively and reliably the previously defined
core outcome domains.'® It is advisable to administer these
measures at baseline and at different time points during
follow-up depending on the type of treatment delivered, as
recommended by COMET and COSMIN initiatives." To en-
sure consistency and less heterogeneity in the evidence base,
researchers should be encouraged to use this core set of mea-
sures in future research to assess and report the impact of
surgery on the domains of interest. In addition, by using the
same measures, it will become easier to interpret evidence
across different studies, trials, and meta-analyses, leading to
evidence-based recommendations and clinical guidelines.
This approach should have positive implications for both
value-driven care and quality improvement perspectives.

It is not intended that these recommended measures
should be the only ones for use in future studies, but that
they may be supplemented with other measures according
to the purpose of the study, for example whether the study
is for exploratory purposes or to evaluate condition-specific
issues. In light of the evolving evidence base, the publica-
tion of new outcome measures and the continued validation/
update of existing outcome measures (e.g. short form), the
proposed core set of outcome measures must be reviewed
regularly. During such review, the results of recent studies
may provide stronger evidence to support the inclusion of
these proposed measures or additional different ones.

The high implementation cost and global application
of the proposed core set, particularly in low- and middle-
income countries, may affect its potential for adoption.”*°
First, the outcome measures included in our core set would
require translation and validation in different languages, if
not available. Second, although, some outcome measures
may be applicable both to low- and middle-income coun-
tries and to high-income countries, there may be significant
differences in healthcare system capabilities and resource
availability. We hope that the process of applying this core
outcome set to low- and middle-income countries could
support the development of healthcare strategies to improve
outcomes in those countries.

A strength of our study is that it captures and aids the
implementation of the previously developed core outcome
domains set of lower limb orthopaedic surgery for ambulant
children with CP.'® Additionally, it provides a set of core out-
come measures for enhancing the quality and consistency
of reporting outcome measures in future studies and clin-
ical trials. The consensus decisions were made on the basis
of best evidence on lower limb surgery for ambulant chil-
dren with CP literature that included recently published
systematic reviews on the psychometric properties and fea-
sibility criteria. Moreover, the consensus methodology was
informed by existing recommendations and guidelines such
as those produced by the COMET and COSMIN initiatives.

There were several limitations to our study. First, there
was the specificity of the outcome measures identified
during the initial scoping review, which focused primarily
on studies related to lower limb orthopaedic surgery. As a
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result, some relevant outcome measures commonly used
in broader clinical practice may not have been captured.
This may affect the overall comprehensiveness of the pro-
posed core outcome set, as it may not fully reflect the wide
range of measures used to assess the core domains across
different settings and populations. Second, the consensus
meeting panel was small, and its members were predomi-
nantly from the UK and other English-speaking countries.
This may have affected the consensus process and find-
ings. Third, patients were not involved in the consensus
procedure, as this is not part of the COMET/COSMIN
recommended methodology. Patients and representatives
(e.g. parents) could have provided useful comments on the
usability and comprehension of the outcome measures.
However, it should be stressed that it is unclear how pa-
tients could contribute to the selection of core outcome
measures and consider aspects such as psychometric prop-
erties, as methodological research in this field is lacking.
Fourth, all the core measures are in English formats, and
some have not been validated in other languages, which
may limit the applicability of the core outcome measure-
ment set, particularly the patient-reported outcome mea-
sures. In future, research is necessary with respect to the
cultural adaptation and validation in a range of different
languages to support the use of the core outcome measure-
ment set in countries where English is not the principal
language.

CONCLUSION

It is recommended that a combination of patient-reported
and clinician-driven outcome measures should be used
when reporting outcomes of lower limb orthopaedic surgery
on ambulant children with CP. Practical aspects (e.g. costs)
and availability of these measures in a particular language
or country should be considered. The use of a core set of
outcome measures has the potential to enhance greatly the
validity, comparability, and clinical applicability of clinical
trials of lower limb orthopaedic surgical interventions.

Feedback on the relevance and acceptability of the rec-
ommended outcome measures in real-life research will be
essential to ensure that meaningful outcomes are captured
in future studies.
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