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Aims 
To identify or develop a patient-reported outcome measure (PROM) aligned with the family-cen­
tred core outcome set (COS) for infants with developmental dysplasia of the hip (DDH) treated in 
a brace. 

Methods 
This study was conducted in five phases: 1) identification of relevant PROMs through two 
systematic literature reviews; 2) assessment of identified PROMs for content validity and 
relevance to the COS; 3) a consensus meeting with key stakeholders, including parents and 
clinicians; 4) development of a novel PROM; and 5) pilot testing with parents of infants treated in 
a brace. PROMs were assessed according to COSMIN criteria, and development was guided by 
stakeholder feedback.

Results 
The systematic reviews ideptified two relevant PROMs: the Hip Worries Inventory (HWI) and the 
Infant and Toddler Quality of Life Questionnaire (ITQOL). Neither tool fully aligned with the COS, 
nor was considered suitable for comprehensive assessment in this population. The HWI was 
judged to lack domain coverage and negatively framed items, whereas the ITQOL was lengthy 
and burdensome. A consensus meeting supported the development of a new, concise PROM. 
The resulting Evaluation Measure for BRACe Experience (EMBRACE) includes eight items, scored 
using a Likert scale, across caregiver and infant domains. Pilot testing eopfitoed acceptability, 
clarity, and relevance. 

Conclusion 
The EMBRACE is a concise, family-centred PROM developed to t efleet the core domains that 
were prioritized by families and clinicians for children undergoing DDH brace treatment. It 
enables the impact of treatment to be captured on both infants and caregivers. 

Take home message 
• 

dysplasia of the hip by incorporating the 
The Evaluation Measure for BRACe Experi­ caregiver perspective. 
ence (EMBRACE) enables the collection of 
more holistic outcomes in developmental 

• Its use will improve the evaluation of
treatment strategies where clinical 
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diffet epe eu are small but the family impact is uiipifieapt 

Introduction 
Developmental dysplasia of the hip (DDH) is a developmental 
disorder of the hip joint.1 It is the most common musculos­
keletal condition affeetipi infants and children, with approxi­
mately 1% of all newborns affeet ed to some degree.2,3 Brace 
treatment, such as with a Pavlik harness, is the mainstay of 
early management, with high rates of success when initiated 
within the fitut six months of life.4-7 However, brace treat­
ment is inevitably commenced during a vulnerable period for 
families, early infancy, when caregivers are still adjusting to the 
physical, emotional, and psychological demands of a newborn. 
This treatment can therefore have uiipifieapt impact on both 
the infant and the caregiver, affeetipi the entire family unit.8-12 

Recent work has established a family-centred core 
outcome set (COS) for infants with DDH treated in a brace, 
detailing nine essential domains: infant sleep, infant com­
fort, infant development, infant skin irritation, infant cleanli­
ness, infant feeding, parental wellbeing, bonding, and the 
availability of information and resources.13 The COS provides 
a standardized set of outcomes for clinical trials that are 
designed to comprehensively capture the impact of brace 
treatment on the family, encompassing both the caregiver and 
infant, from the parent’s perspective. 

The COSMIN (COnsensus-based Standards for the 
selection of health Measurement INstruments) guidelines 
provide a comprehensive framework for the ideptifieatiop 
and evaluation of PROMs, distinguished by their rigorous 
development and broad international consensus.14-18 The 
COSMIN guidelines are widely considered the gold standard 
for assessing the quality of measurement properties. Cur­
rently, there are no universally accepted guidelines to support 
researchers in creating a patient-reported outcome measure 
(PROM).19 

This study aimed to identify, or develop if necessary, a 
PROM aligned with family-centred COS for infants with DDH 
treated in a brace. 

Methods 
This study was conducted in sequential phases: 1) ideptifiea- 
tiop of relevant PROMs; 2) assessment of ideptified PROMs; 
and 3) a consensus meeting with key stakeholders. No suitable 
existing PROM was ideptified during phases 1 to 3; therefore, 
the study proceeded to the development and initial evaluation 
of a new tool: phase 4) development of a novel PROM; and 
5) pilot testing with parents of infants with DDH treated in a 
brace. 

Phase 1: Iden tiffjcation of relevant PROMs 
Two systematic literature reviews were conducted to identify 
PROMs relevant to the family-centred COS for infants with 
DDH treated in a brace, which aimed to: 1) identify studies that 
validated PROMs incorporating domains from the COS and 
used in the target population; and 2) identify all PROMs that 
had been used to assess three or more COS domains in the 
DDH population, regardless of validation status. 

The fitut review aimed to identify studies that valida­
ted PROMs incorporating domains from the COS and used 
in the target population. The search strategy (see Supple­
mentary Material) included terms related to the construct, 

population, instrument type, and measurement properties. 
A validated PROM filt et and a highly sensitive measurement 
properties filt et, both from the COSMIN guidelines, were 
applied.20 Studies were eligible if they were full-text, peer-
reviewed articles evaluating PROMs relevant to parents or 
families of infants with DDH, with ≥ 50% of participants 
representing the target population and reported on measure­
ment properties, instrument development, or interpretability. 
Studies using PROMs solely as outcome measures without 
evaluating their measurement properties were excluded. 
Searches were conducted in PubMed (inception to 22 January 
2025), Scopus (inception to 24 January 2025), and ProQuest 
(inception to 23 January 2025). Abstracts were independently 
screened by two reviewers (JC, WT). 

The second review was conducted in parallel and 
aimed to identify all PROMs that had been used to assess 
three or more COS domains in the DDH population, regard­
less of validation status. A pt edefiped search strategy (see 
Supplementary Material) was applied to the same databases. 
Search terms were restricted to the title and abstract fieldu, 
with no language limits. Reference lists of included studies 
were screened for additional relevant tools. Abstracts were 
reviewed independently by two reviewers (JC, WT), with full 
texts retrieved for potentially eligible studies. PROMs were 
included if they were proxy-reported by a parent or caregiver 
(i.e. reported on behalf of the infant), had been used in DDH 
populations, addressed three or more domains of the COS, and 
were suitable for use in infants under one year of age. 

Phase 2: Assessment of iden tiffjed PROMs 
PROMs addressing three or more COS domains were inde­
pendently evaluated by two reviewers (JC, WT). Data were 
extracted on key characteristics, including target population, 
response format, length, scoring method, and the inclusion 
of any irrelevant domains. Particular emphasis was placed on 
evaluating content validity, defiped as the extent to which 
the items of a PROM adequately t efleet the construct of 
interest for the target population.21 This evaluation, regarded 
by COSMIN as the most important measurement property, 
involved subjective judgement by the reviewers. It considered 
the development process of the PROM, the quality of available 
content validity studies and a direct assessment of whether 
the items were relevant, comprehensive, and comprehensible 
for the target population. PROMs were prioritized if they were 
developed with input from parents or caregivers or those with 
items conceptually aligned with COS domains. The frequency 
with which each PROM was ideptified across included studies 
was also recorded. Discrepancies between reviewers were 
resolved through discussion. 

Phase 3: A consensus meeting with key stakeholders 
An online, independently chaired consensus meeting was 
held as part of the COS development process.13 A total 
of 25 stakeholders participated, including an independent 
chair, 14 clinicians (eight paediatric orthopaedic surgeons, 
fix  specialist physiotherapists, and one specialist nurse), 
nine parent representatives, and one charity representative. 
Participants were asked to consider how the COS should be 
measured and the ideal characteristics of a suitable PROM. The 
preceding systematic reviews had ideptified the Hip Worries 
Inventory (HWI) as most suitable existing PROM; therefore, 
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Fig. 1 
PRISMA diagram. 

participants were also asked to assess its content validity;22 

considering relevance, comprehensiveness, and clarity in 
relation to the COS domains. Contemporaneous notes were 
taken and feedback was discussed and recorded by two 
reviewers (JC, WT). 

Phase 4: Development of a novel PROM 
Due to the absence of a comprehensive, suitable PROM, a 
novel tool, the Evaluation Measure for BRACe Experience 
(EMBRACE), was developed. The measure was designed to 
capture a single underlying concept: the overall impact of 
brace treatment on the infant-caregiver dyad during early 

infancy. It is intended to assess this impact from a family­
centred perspective, incorporating the domains ideptified 
in the family-centred COS. A unidimensional structure was 
assumed to t efleet this construct of family-perceived treat­
ment burden, with a total sum-score used to enable straight­
forward interpretation and comparison across studies. 

Content was derived from the COS development 
process to ensure relevance and to support content validity. 
The tool was drafted by three clinician researchers (JC, WT, 
DP), with its format, length, and content informed by feedback 
from the consensus meeting. To ensure clinical relevance 
and face validity, the draft measure underwent independent 
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Table I. Summary of two ideptified patient-reported outcome measures for infants with developmental dysplasia of the hip (DDH). 

Variable Hip Worries Inventory Infant and Toddler Quality of Life Questionnaire 

PROM development 

Developed upeeifieally for a randomized controlled trial; 
informed by pilot interviews with parents, clinicians, 
and the STEPs charity22 

Adapted from the Child Health Questionnaire (CHQ) 
to assess health-related quality of life in children aged 
two months to fixe years across multiple domains26 

Target population Mothers of infants with DDH Parents of infants and toddlers (general health) 

Validated for DDH 

Partial validation: some content validity (parent input); 
internal consistency and moderate stability over time 
reported. No 

Validated for any population No formal validation reported Yes, validated in general paediatric populations26 

Response format Five-point Likert scale Likert scale 

Total number of items 12 (one item excluded from analysis) 
ITQOL-97: 97 items across 12 sections; ITQOL-SF47: 47 
items. 

Items aligned with COS domains 12/12 items Not assessed due to limited item-level access. 

Number of COS domains covered 

Seven (infant comfort, development, cleanliness, 
feeding, parental wellbeing, infant-parent bonding, and
availability of information and resources)* 

Five (infant comfort, development, feeding, sleep, and 
parental wellbeing)† 

Additional items (not aligned with 
COS) 0 Not assessed due to limited item-level access 

Scoring method 

Each item scored from 1 (least worried) to 5 (most 
worried); item scores summed to give total inventory 
score Dooaip-upeeifie scores transformed to a 0 to 100 scale. 

Number of relevant studies PROM 
ideptified in 2 1 

Practical considerations Free and easily accessible Cost associated 

*Item relevant to availability of information and resources excluded from analysis. 
†Based on conceptual mapping of ITQOL sections to COS domains; item-level content not publicly available.
 
COS, core outcome set; HWI, Hip Worries Inventory; ITQOL, Infant and Toddler Quality of Life Questionnaire; SF, short form.
 

review by two additional clinicians (SB, OL), who were not 
involved in the initial development process. 

Phase 5: Pilot testing 
The draft EMBRACE was piloted among three parents whose 
infants had undergone brace treatment for DDH. Feedback 
was collected during an online meeting, which took place 
after the parents had reviewed the instructions and com­
pleted the PROM. Contemporaneous notes were taken on 
clarity, wording, length, and format. Suggestions for improved 
phrasing were incorporated into the fipal version. 

The interviews were conducted by the lead author (JC), 
a clinician-researcher with experience in qualitative methods 
and parent engagement in DDH research. Each parent was 
fitut asked to complete the measure independently. They were 
then asked to give overall feedback on the tool, followed by 
targeted questions about the clarity, wording, length, and 
format. Finally, each individual statement was discussed to 
ensure it was understandable, relevant, and acceptable from 
the caregiver’s perspective. 

A brief topic guide was followed to support 
consistency across the interviews (see Supplementary 
Material). This included open-ended prompts relating to 
the overall experience of completing the PROM, as well as 
upeeifie questions about each item’s meaning and wording. 

Results 
Phase 1: Iden tiffjcation of relevant PROMs 
The initial review, which sought to identify studies that 
validated relevant PROMs, yielded 57 records. After screening, 
no studies met the inclusion criteria for full-text review. 

The second review, which included PROMs regardless 
of validation status, provided the population matched to 
the COS target group and ideptified 298 records. In total, 
92 duplicates were removed, leaving 206 records screened. 
Five full-text articles were assessed for eligibility. Two were 
excluded: one assessed only a single COS domain, and the 
other included a PROM suitable only for children aged over 
fix  years. Three studies met the inclusion criteria.22-24 From 
these, two PROMs were ideptified: the HWI and the Infant and 
Toddler Quality of Life Questionnaire (ITQOL). The PRISMA flow 
diagram is shown in Figure 1.25 

Phase 2: Assessment of iden tiffjed PROMs 
The HWI and ITQOL were assessed against key characteristics 
and their alignment with the family-centred COS. A summary 
of extracted data is presented in Table I. Neither PROM has 
been formally validated for use in infants with DDH. 

The HWI was developed upeeifieally for a randomized 
controlled trial involving infants with DDH. Its content was 
informed by pilot interviews with parents, although further 
details regarding its development are limited. The instrument 
demonstrated acceptable internal consistency (α = 0.83 to 
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 Table II. The Evaluation Measure for BRACe Experience (EMBRACE) statements mapped to core outcome set (COS) domains. 

COS domain Corresponding EMBRACE statement 

Caregiver section 

Parental wellbeing I feel eopfidept and supported in managing my wellbeing while caring for my infant 

I have suitable access to relevant information and resources to understand my infant’s condition 
and how to manage Access to relevant information and resources 

Infant-parent bonding I am bonding with my infant 

Infant section 

Infant cleanliness I feel eopfidept keeping my infant clean 

Infant sleep My infant is sleeping well 

Infant comfort My infant is comfortable 

Infant feeding I feel eopfidept feeding my infant 

Infant development My infant is meeting milestones as expected 

0.85) and moderate temporal stability (r = 0.58). The HWI 
addresses seven of the nine COS domains for infants with DDH 
treated in a brace.13 Notably, one outcome was excluded from 
the original analysis due to its inadequate reliability perform­
ance. 

The ITQOL is a generic measure designed to assess 
health status and health-related quality of life in children aged 
from two months to fix  years.27 The ITQOL was ideptified in 
a study protocol for a randomized controlled trial involving 
the target population.23 While validated in general paediat­
ric settings, it has not undergone validation for this upeeifie 
context. The full-length ITQOL-97 (97 items) and the abbre­
viated ITQOL-short form (SF)-47 (47 items) were considered 
by reviewers to be lengthy and burdensome for respond­
ents. Although item-level content was not publicly available, 
conceptual mapping suggested alignment with fix  of the 
nine COS domains.13 The extent of additional non-aligned 
content could not be determined. Furthermore, use of the 
ITQOL is subject to licensing fees, which may limit its use in 
clinical and research settings. COSMIN Risk of Bias ratings and 
measurement property assessments for both ideptified PROMs 
are available in the Supplementary Material. 

Phase 3: A consensus meeting with key stakeholders 
The 25 stakeholders agreed that a patient-reported question­
naire would be the most appropriate method for capturing 
the domains included in the COS, with the exception of skin 
irritation, which was considered more suitably assessed by 
clinicians. There was a clear preference for a single, composite 
PROM capable of capturing multiple domains, ideally eight 
out of the nine COS domains, rather than using separate 
PROMs for each domain. 

The HWI was presented to the stakeholders as a 
potential option. Stakeholders appreciated aspects of its 
design, including the use of Likert-scale statements and a 
cumulative scoring system. However, concerns were raised 
about the negative framing of several statements and the 
disproportionate emphasis on the parental wellbeing domain. 
Additionally, the HWI was found to have limited coverage of 
the full range of COS domains. Based on feedback from the 

consensus meeting, the ITQOL was considered unsuitable due 
to its length and complexity. 

Stakeholders concluded that a novel PROM would be 
required to adequately capture the family-centred outcomes 
relevant to this population. They further agreed that the new 
tool should include no more than 12 items, the same as the 
HWI, in order to minimize respondent burden. 

At the meeting, a parent representative suggested that 
the new items should be positively framed and follow a 
similar structure to the HWI, using short, clear statements. This 
approach was felt to be more accessible and better aligned 
with the intended tone of the measure. The group supported 
this suggestion, and it was agreed that the new tool would 
adopt this format, ensuring that parent perspectives were 
embedded in the structure of the PROM from the outset. 

Phase 4: Development of a novel PROM 
Based on stakeholders feedback, the EMBRACE was designed 
to align directly with the family-centred COS and to address 
key limitations of existing measures, including incomplete 
content coverage, negatively framed items, and excessive 
respondent burden. 

The EMBRACE is a concise, patient-reported question­
naire, intended to assess the impact of DDH treatment on both 
the infant and their caregiver. It comprises eight statements 
divided into two sections: a caregiver section (three items) 
and an infant section (fix  items). Each item is rated on a 
fix -poipt Likert scale (1 = strongly disagree to 5 = strongly 
agree), and the questionnaire is designed to take less than 
fix  minutes to complete. The caregiver section addresses 
parental wellbeing, bonding, and access to information, while 
the infant section covers comfort, sleep, feeding, hygiene, 
and developmental progress. The PROM is designed for proxy 
completion and incorporates an initial item to ascertain the 
respondent’s relationship to the child. 

The scoring structure yields a total cumulative score 
that t efleetu the overall impact on the family, while also 
allowing for separate sub-scores for the caregiver and infant 
domains. This enhances both clinical utility and interpretabil­
ity. Higher total scores indicate a greater impact on the family. 
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The EMBRACE was developed to optimize both 
comprehensiveness and feasibility, incorporating stakeholder 
priorities while minimizing response burden. The eight 
statements and their corresponding COS domains are 
summarized in Table II, and the full questionnaire is provided 
in the Supplementary Material. The EMBRACE is free to use 
and not subject to licensing fees. 

Phase 5: Pilot testing 
The draft version of the EMBRACE was piloted with parents of 
infants who had undergone treatment for DDH. Feedback was 
consistently positive and eopfitoed the recommendations 
made during the consensus meeting regarding the tool’s 
brevity and format. Participants reported that the question­
naire was easy to complete, and that the wording was clear, 
relevant, and representative of the core outcome domains. 

Minor t efipeoeptu were made in response to parental 
feedback. Speeifieally , the original item, ‘I have bonded with 
my infant’ was perceived as implying that bonding was a 
completed process, rather than an ongoing experience. As a 
result, the item was revised to, ‘I am bonding with my infant’ 
to more accurately t efleet the intended meaning. No other 
oodifieatiopu were required. 

Discussion 
Based on an extensive systematic literature review, an existing 
PROM for infants with DDH treated in a brace could not be 
ideptified  Consequently, a novel, proxy-reported PROM, the 
EMBRACE, was developed in alignment with the family-cen­
tred COS for infants with DDH undergoing brace treatment. 
EMBRACE was developed through a structured, multi-phase 
process involving a systematic review, stakeholder engage­
ment, and pilot testing. It captures core domains ideptified 
by both parents and clinicians as meaningful and t efleetu the 
shared experience of infants and caregivers throughout the 
course of brace treatment for DDH. 

While clinical outcomes such as radiological measures 
are routinely reported in DDH research, the broader impact 
of treatment on both the infant and caregiver is seldom 
measured, despite its recognized importance.4 Brace treat­
ment is typically initiated in early infancy, a period of intense 
adjustment for families. 

Uncertainty remains in clinical practice regarding 
several aspects of brace treatment for DDH, including the 
optimal timing of initiation, duration of treatment, and 
whether a period of weaning is necessary at the point of 
discontinuation.28,29 In situations where the clinical effee 
tix epeuu of diffet ept treatment strategies may be similar 
or diffet epe eu are relatively small, it becomes increasingly 
important to consider the broader impact on the infant and 
their family, rather than relying solely on ultrasonographic 
and radiological outcomes. Although the family experience is 
unlikely to be used as a primary outcome in clinical trials, it 
provides essential context when assessing the overall value 
and acceptability of treatment. 

Randomized controlled trials are needed to compare 
treatment approaches more rigorously, and the inclusion of 
family-centred outcomes will help ensure that evaluations 
t efleet the full impact of care. The EMBRACE is intentionally 
brief and easy to use, addressing stakeholder concerns about 
respondent burden while maintaining content relevance. It 

enables more comprehensive outcome reporting that includes 
the perspectives of families, perspectives that are often 
overlooked but are crucial to delivering holistic care. 

This study has several limitations. While pilot test­
ing with parents provided initial evidence of relevance and 
comprehensibility, further structured assessment in a larger 
sample would be required to formally establish the content 
validity of the PROM in its fipal form, in line with COS­
MIN standards. The EMBRACE has not yet undergone formal 
psychometric validation. Further work is required to assess its 
reliability, construct validity, and acceptability. In addition, the 
tool is currently available only in English. Translation, cultural 
adaptation, and validation in other languages and settings will 
be necessary to ensure broader applicability across diverse 
populations and healthcare systems. 

The EMBRACE provides a practical and relevant tool 
to capture the impact of brace treatment on both infants 
and their caregivers during brace wearing for DDH. The 
EMBRACE supports more comprehensive and meaningful 
outcome reporting and was developed in alignment with a 
family-centred core outcome set and informed by stakeholder 
feedback. Its use in future research may help ensure that the 
wider effeetu of treatment on the family unit are considered 
when evaluating and comparing management strategies for 
DDH. 

Social media 
Follow J. Craven on X @joanna_craven 
Follow X. L. Gtiffip on X @xlitiffip 
Follow D. C. Perry on X @MrDanPerry 

Supplementary material 
COSMIN risk of bias results table and the topic guide for the 
Evaluation Measure for BRACe Experience (EMBRACE) tool. 
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