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�� Protocol

Development of a core outcome set 
for the orthopaedic management of 
spinal dysraphism
A study protocol

Aims
The aim of this study is to define a core outcome set (COS) to allow consistency in outcome 
reporting amongst studies investigating the management of orthopaedic treatment in chil-
dren with spinal dysraphism (SD).

Methods
Relevant outcomes will be identified in a four-stage process from both the literature and key 
stakeholders (patients, their families, and clinical professionals). Previous outcomes used 
in clinical studies will be identified through a systematic review of the literature, and each 
outcome will be assigned to one of the five core areas, defined by the Outcome Measures in 
Rheumatoid Arthritis Clinical Trials (OMERACT). Additional possible outcomes will be iden-
tified through consultation with patients affected by SD and their families.

Results
Outcomes identified in these stages will be included in a two-round Delphi process that will 
involve key stakeholders in the management of SD. A final list including the identified out-
comes will then be summarized in a consensus meeting attended by representatives of the 
key stakeholders groups.

Conclusion
The best approach to provision of orthopaedic care in patients with SD is yet to be decided. 
The reporting of different outcomes to define success among studies, often based on per-
sonal preferences and local culture, has made it difficult to compare the effect of treatments 
for this condition. The development of a COS for orthopaedic management in SD will enable 
meaningful reporting and facilitate comparisons in future clinical trials, thereby assisting 
complex decision-making in the clinical management of these children.
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Introduction
Spinal dysraphism (SD) encompasses a 
spectrum of congenital abnormalities 
resulting from abnormal cell migration and 
differentiation of the neural tube during 
the first trimester of pregnancy. Generally, 
the lesion can be classified depending on 
the external appearance: aperta (open, 
visible lesions) or occulta (closed with no 
external manifestation). The most common 
presentations of SD seen in clinical practice 
are meningocele, myelomenigocele, and 

lipomyelomenigocele, with myelomeningo-
cele (MMC) accounting for 80% of cases of 
SD. The incidence of all forms of SD, both 
open and closed, is 0.5 to eight cases per 
1,000 live births, with an increased incidence 
in developing countries.1,2

The aetiology of SD is multifactorial. 
Nutritional deficiency is the most common 
risk factor reported, associated with up to 
50% of cases; however, antenatal folic acid 
supplementation reduces the incidence of 
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Fig. 1

Core outcomes set development process.

MMC significantly. Genetics and ethnicity are also poten-
tial aetiological factors.

The severity of the neurological defect is determined 
by the level and extent of the lesion. The spectrum of 
neurological abnormalities include hydrocephalus, Chiari 
malformations, syrinx, and tethered cord, as well as 
bladder and bowel dysfunction, musculoskeletal weak-
ness, and abnormal sensation.1,3

Weakness leads to muscle imbalance with secondary 
complications, such as scoliosis, hip dislocation, talipes 
equinovarus, and torsional abnormalities of the growing 
bones,4,5 with an associated and potentially severe 
impairment in terms of walking ability. These children 
require collaborative multidisciplinary care due to the 
spectrum of coexisting comorbidities. For this reason, 
their care is often challenging with no clear consensus 
among clinical practitioners on best practice for manage-
ment of the different musculoskeletal problems. This in 
turn leads to variability in care and guidelines,6,7 which 
may be exacerbated further by the lack of standardiza-
tion in outcome reporting in studies reporting different 
orthopaedic management strategies for SD. This is often 
the main limitation in defining the rate of success for each 
clinical intervention.8

To reduce the heterogeneity of reported outcomes, 
and to allow meaningful comparisons between studies, 
the Core Outcome Measures in Effectiveness Trials 
(COMET) Initiative has established guidelines to develop 
core outcomes sets (COSs),9 a minimum standardized sets 
of outcomes to be reported in all studies investigating a 
specific clinical condition. The use of COSs is now well-
established in clinical research and practice; however, its 
implementation has been slower within the orthopaedic 

community.10-14 A study protocol registered in 2020 aims 
to develop a COS looking specifically at the outcomes 
of open fetal surgery for open MMC.15 To date, no COS 
is available to define the success of interventions in the 
later management of orthopaedic conditions associated 
with SD. The standardization of outcomes reporting 
for studies investigating treatment options will allow 
meaningful meta-analyses to be made, and will lead to 
clear guidelines for the orthopaedic management of this 
condition.

The aim of this study is to define a COS allowing 
consistency in outcomes reporting among clinical studies 
investigating the orthopaedic management in SD.

The specific objectives of this study (Figure 1) are to:
i.	 identify all relevant outcomes reported in previous 

studies through a systematic review of the literature;
ii.	 identify outcomes relevant to patients and families 

affected by SD through an interview/questionnaire 
process;

iii.	 identify outcomes relevant to key healthcare profes-
sionals (surgeons, physiotherapists, etc), as well as to 
patients and their families through a Delphi process; and

iv.	 to hold a final consensus meeting in order to review the 
outcomes obtained from the previous steps and develop 
the final list of outcomes to be included in the COS.

Methods
The systematic review aims to identify the primary and 
secondary outcomes that have been reported in previous 
studies investigating both surgical and non-surgical inter-
ventions to address orthopaedic outcomes in SD. Studies 
of all methodologies will be included, with exclusion 
of case series/case reports, papers reporting a surgical 
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technique, intrauterine operations, neurosurgical or 
urological surgeries. Inclusion criteria, based on the PICO 
(Population, Intervention, Comparator, Outcome), are:
i.	 population (patients aged 0 to 18  years diagnosed 

with SD with related orthopaedic involvement (i.e. 
deformity, malrotation, foot deformity, hip deformity, 
knee deformity, scoliosis, spine deformity));

ii.	 intervention (any orthopaedic treatment);
iii.	 comparator; and
iv.	 outcome(s) (any).
Studies with human participants conducted in any 
setting or country will be included where a published 
version in English is available. The systematic review 
aims to generate a list of outcomes measures used in the 
current literature.
Selection of studies.  The databases searched to identify 
eligible studies will include NICE Healthcare Databases 
Advanced Search, MEDLINE, Scopus, and the Cochrane 
Central Register of Controlled Trials (CENTRAL). The 
search strategy will include MeSH terms and synonyms 
for the different key terms, which will be combined with 
Boolean operators, proximity operators, truncations, and 
wildcards. The databases will be searched from the date 
of inception to the search date. Grey literature will also 
be screened.
Eligibility of studies.  Two reviewers (DL, GG) will inde-
pendently assess all of the titles and abstracts against 
the inclusion and exclusion criteria. Full text of all the 
manuscripts that match the inclusion criteria or manu-
scripts in which the abstract does not give enough in-
formation to make a clear decision about their inclusion 
will be obtained. Full-text screening will be completed 
independently by the two reviewers. Any disagreements 
will be resolved through consensus or by consulting 
with senior authors (AB, DME, YG). The whole process 
will be documented using the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) flow 
diagram.16

Data extraction.  Data extraction sheet (Supplementary 
Material) will include the following data:
i.	 year of publication;
ii.	 demographics (age, sex, comorbidities);
iii.	 classification system used;
iv.	 level of involvement;
v.	 orthopaedic involvement (foot, knee, hip or spine 

deformity, malrotation);
vi.	 orthopaedic treatment non-surgical (brace, splint);
vii.	 orthopaedic treatment surgical (type of surgery, age of 

surgery);
viii.	follow-up time;
ix.	 outcomes reported (patient-reported outcomes meas-

ures (PROMs), clinical, radiological); and
x.	 outcomes measurement tools used.
Data analysis and presentation.  The primary and sec-
ondary outcomes of eligible studies will be extracted 
and tabulated with their definition and measurement 
method(s), and then assigned to one of the five core 

domains (adverse event, life impact, resource use, patho-
physiological manifestation, and death) of the OMERACT 
framework.17 The treatments reported in the eligible stud-
ies will be categorized based on the orthopaedic-related 
impairment treated, and on the percentage in which the 
treatment is adopted.
Risk of bias assessment.  Two authors (GG, DGL) will in-
dependently assess each included study for risk of bias 
through dedicated assessment tools pertinent to the 
study design of each paper (e.g. randomized, non-
randomized, etc),18,19 and any disagreements will be re-
solved through consensus or consulting with the senior 
author (AB, DME, YG). Results of the risk of bias assess-
ment for each study will be reported in dedicated tables.
Parents and patients interview/questionnaire pro-
cess.  The involvement of patients with SD and their fam-
ily is of primary importance when defining an effective 
COS that aims to embrace outcomes of relevance to key 
stakeholders.9 With this in mind, patients and parents 
will be asked to share their experience of the disease. 
This process aims to identify possible outcomes that have 
been overlooked or missed in previous literature, as per 
the COMET handbook guidelines.20

Participants and questionnaire format.  Patients and their 
families with direct experience of SD will be invited to 
participate in the key outcomes identification process. 
This will act as a consultation process, as the small sam-
ple size and the recruitment from a single centre will not 
allow for generalizability of the results. Despite this, the 
insight of patients and parents will help us to better un-
derstand their needs, and to identify possible overlooked 
outcomes of relevance to them. Patients and parents for 
whom English is not the first language will be provided 
with a translation service if needed. Participants will be 
recruited from the outpatient clinics of two hospitals. A 
purposive sample of 20  patients treated for SD,10 both 
males and females aged five to 16 years, and their respec-
tive parents will be recruited in this process. The ques-
tionnaire for parents will comprise of a series of open-
ended questions on their experiences and the impact that 
SD has on their child’s everyday life, while simultaneously 
asking to identify possible outcomes in the management 
of SD.

The questionnaire can be completed as a self-reported 
questionnaire by the parent, or used as a semi-structured 
interview schedule to be completed with the researcher, 
who will use it as a prompt for further discussion. 
Completion of this questionnaire will take no longer than 
15 minutes and will be fully anonymous. No identifiable 
personal data will be collected via the questionnaire. 
The researcher will also discuss with the parents the list 
of outcomes identified during the systematic review, 
asking for the relevance that they attribute to each listed 
outcome. Any new outcomes suggested will be added to 
the Delphi process.
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The questionnaire for children will contain questions 
related to the influence of the condition on their daily 
living activities, and will be scored using an emoji system 
already reported in details in previous papers related to 
COS identification.10,12 A free narrative section will be 
included at the end of the questionnaire, where children 
can report the difficulties that they experience during 
daily activities, aiming to obtain possible insight on 
outcomes not previously considered in the literature. The 
child’s questionnaire will take no longer than 15 minutes 
to complete and will be fully anonymous. No identifiable 
personal data will be collected by the questionnaire.

Patients and parents will have the option to complete 
the questionnaires either during their outpatient clinic 
appointment or at home (and return by email to the 
study team). Informed consent will be assumed if partic-
ipants decide to complete the questionnaire. Parents’ 
contact details will be collected on a separate form with 
their consent, and used to invite them to participate in 
the subsequent Delphi survey.

Both the parent and the child’s questionnaire will ask 
for information that does not differ from routine clinical 
questions commonly asked during their regular clinical 
appointments. Consultation with the institutional R&D 
offices has deemed this a “service evaluation” with no 
requirement for ethical approval.
Questionnaires analysis.  The open-ended structure of the 
parents’ questionnaire/interview, and of the narrative 
part of the child’s questionnaire, follows the qualitative 
approach,21 and will be analyzed using the reflective ap-
proach thematic analysis.22 The analysis will be performed 
by members of the research team with adequate training 
and experience in qualitative research. The main part of 
the child’s questionnaire (emoji scores) will be reported 
using descriptive statistics (i.e. median/range for contin-
uous variables and frequencies/percentages for categori-
cal data), and in tables and figures (as appropriate).
Delphi process.  The Delphi process will summarize the 
list of outcomes obtained from the systematic review 
and from the interview/questionnaire process, and will 
seek the feedback of key stakeholders (patients and their 
families, surgeons, physiotherapists, and other healthcare 
professionals involved in the management of MMC) in 
identifying the most relevant outcomes to be reported in 
future clinical studies. The Delphi method is a process to 
reach group decision by anonymously surveying a pan-
el of selected participants with relevant knowledge and 
expertise in the given area, who have equal influence in 
the scoring procedure.23 The implementation of a Delphi 
process in COS development is strongly advised by the 
COMET Initiative guidelines.20

Participants in the Delphi process.  Participants in the 
Delphi process will be key stakeholders with direct ex-
perience of SD, or of its management. The list will in-
clude international representation. Participants will be 

recruited from international charities/patients’ organisa-
tions and other partner hospitals/universities. Inclusion 
criteria for the survey will be experience of the condition 
for patients and parents, and expertise in the treatment of 
the condition for clinical practitioners. An invitation letter 
will be sent by email to identified potential participants, 
which will include all the relevant details of the Delphi 
process and a link to access the survey. Informed con-
sent will be assumed if participants complete the survey. 
There is no agreement in the literature on the minimum 
number of participants required for a Delphi process,23-25 
and the sample size is often decided upon case-specific 
considerations, such as practicality, research area, aim of 
the study, and time available for analysis.26 The aim for 
this study is to recruit at least ten participants (represent-
atives) for each of the two stakeholder groups (patients 
and parents’ group, and clinical practitioners’ group). 
The size of this sample is similar to other studies that have 
used the Delphi process in COSs development.10,12

Structure of the Delphi survey.  The survey will be divided 
into two rounds (Figure 1). Participants involved in the 
study will have three weeks to complete each round. A 
reminder email will be sent at the end of week two of 
each round to encourage completion of the survey, and 
to reduce the dropout rate.
Delphi round one.  The electronic data collection form for 
the first round of the survey will include collecting de-
mographic data (participant name, role, institution, and 
contact information). Each participant will then be able 
to review the list of the outcomes included in the survey, 
and to grade them based on their relevance with a score 
from 1 to 9 (with 1 to 3 being not relevant, 4 to 6 being 
important but not critical, and 7 to 9 being extremely rel-
evant). At the end of round one, participants will have the 
possibility to suggest additional outcomes that they feel 
may be of relevance.
Analysis of the first round.  The analysis of the first round 
of the survey will summarize the distribution of scores, 
based on their percentage, and the response rate will be 
recorded. Outcomes that have reached consensus in or 
consensus out, will be excluded from round two (see par-
agraph titled “Definition of consensus” ). Two assessors 
will review additional outcomes suggested by the par-
ticipants (if any) to ensure that there is no repetition of 
outcomes already listed.
Delphi round two.  An invitation to the second and last 
round of the survey will be sent only to participants who 
have successfully completed round one. Participants that 
do not respond to round one will be excluded from the 
second round. In round two, participants will be able to 
score again the outcomes that did not reach consensus 
during round one, and will be able to confirm or change 
their previous score.
Analysis of the second round.  Each outcome will be 
classified as “consensus in”, “consensus out”, or “no 
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consensus” using the consensus criteria defined be-
low (see paragraph titled “Definition of consensus” ). 
Response rate and drop-out rate from round one will 
also be recorded. Outcomes that do not reach consen-
sus during rounds one and two will be forwarded to the 
consensus meeting for final consideration of inclusion/
exclusion. Outcomes that will have reached consensus 
(in or out) during the survey will also be forwarded to the 
consensus meeting for confirmation.
Consensus meeting.  A final consensus meeting will include a 
selected number of international representatives for each of 
the two groups (patients/parents, and clinical professionals) 
either in person or online (through a video conference soft-
ware) (Figure 1). The consensus meeting will aim to recruit at 
least 24 participants, as suggested by the COMET handbook, 
for the consensus meeting structure.20

An independent researcher who is familiar with the 
consensus procedure, and who will not participate in 
the voting procedure, will be invited to chair the session. 
The data from the Delphi process will be presented to the 
participants in the meeting before the start of the voting 
procedure. The consensus meeting will briefly consist of 
four steps:
i.	 summary of the results of the Delphi process;
ii.	 group discussion;
iii.	 anonymous scoring of each outcome which did not 

reach a consensus by the participants; and
iv.	 formal endorsement (sign off) of the final core outcomes 

set by all participants in the consensus meeting.
A report of the consensus meeting will be written up and 
published. Informed consent will be assumed if partici-
pants decide to take part in the final consensus meeting.
Definition of consensus.  The Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) guide-
lines will be impletemented in the definition of consensus,26 
both for the Delphi process and for the final consensus meet-
ing. Following these guidelines, the definition of “consensus 
in” (which denotes inclusion of the outcome in the COS) is 
indicated as the agreement by the vast majority ( > 70% of 
the group) on the “extreme relevance” (7 to 9 points) of the 
outcome, with only a minority ( < 15% of the group) of par-
ticipants scoring it as “not relevant” (1 to 3 points). The defi-
nition of “consensus out” (which denotes exclusion of the 
outcomes in the COS) is indicated as the agreement by the 
vast majority ( > 70% of the group) of the “non-relevance” (1 
to 3 points) of the outcome, with only a minority ( < 15% of 
the group) of participants scoring it as “extremely relevant” 
(7 to 9 points).

Discussion
Orthopaedic management of patients with SD requires 
clarity and a standardization of guidelines to obtain the best 
results. This ambition is currently hindered by the inconsis-
tency in outcome reporting among clinical studies inves-
tigating the orthopaedic interventions of SD. The aim of 
this study is to develop a COS for clinical studies assessing 

orthopaedic management of SD. The present protocol states 
the methodology of the study, which follows the recommen-
dations defined by the COMET group.9

A systematic review of the literature will be conducted 
to identify outcomes that have been reported in previous 
studies, which will then be summarized in a Delphi 
survey. Further outcomes will be identified from patients 
and parents through a structured questionnaire/inter-
view process. Any additional outcomes will be added to 
the list for the Delphi survey. Key stakeholders (patients 
and their families, and clinical practitioners) will be 
engaged in the identification of the core outcomes 
through completion of the survey, which requires 
scoring for the importance of each outcome in the list. 
A subsequent consensus meeting among international 
representatives of key stakeholders will then discuss and 
vote on the items from the Delphi survey, and will reach 
consensus on the outcomes to be include in the final 
COS.

Take home message
- - The development of a core outcome set for orthopaedic 

management in spinal dysraphism will enable meaningful 
reporting and facilitate comparisons in future clinical trials, 

thereby assisting complex decision-making in the clinical management 
of these children.
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