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Background and purpose — Routine outcome measurement has
been shown to improve performance in several fields of healthcare.
National spine surgery registries have been initiated in 5 Nordic
countries. However, there is no agreement on which outcomes are
essential to measure for adolescent and young adult patients with
a spinal deformity. The aim of this study was to develop a core
outcome set (COS) that will facilitate benchmarking within and
between the 5 countries of the Nordic Spinal Deformity Society
(NSDS) and other registries worldwide.
Material and methods — From August 2015 to September 2016,
7 representatives (panelists) of the national spinal surgery registries from each of the NSDS countries participated in a modified
Delphi study. With a systematic literature review as a basis and the
International Classification of Functioning, Disability and Health
framework as guidance, 4 consensus rounds were held. Consensus
was defined as agreement between at least 5 of the 7 representatives. Data were analyzed qualitatively and quantitatively.
Results — Consensus was reached on the inclusion of 13 core
outcome domains: “satisfaction with overall outcome of surgery”,
“satisfaction with cosmetic result of surgery”, “pain interference”,
physical functioning”, “health-related quality of life”, “recreation
and leisure”, “pulmonary fatigue”, “change in deformity”, “selfimage”, “pain intensity”, “physical function”, “complications”,
and “re-operation”. Panelists agreed that the SRS-22r, EQ-5D,
and a pulmonary fatigue questionnaire (yet to be developed) are
the most appropriate set of patient-reported measurement instruments that cover these outcome domains.
Interpretation — We have identified a COS for a large subgroup of spinal deformity patients for implementation and vali-

dation in the NSDS countries. This is the first study to further
develop a COS in a global perspective.
■

Measurement of quality of life, functioning, and disability
outcomes from a patient’s perspective plays an important role
in current and future healthcare systems (Porter 2010). This
also holds for adolescent and young adult (AYA) patients with
spinal deformities. In the surgical management of AYA spinal
deformities, where randomized controlled trials (RCTs) are
challenging and often deemed unethical, and where tremendous treatment variability exists, routine outcome monitoring through outcome registries is very valuable for evaluating
treatment strategies (Weinstein et al. 2009, van Hooff et al.
2015). These outcome registries are based on patient-relevant
outcomes, i.e. patient-reported outcomes and clinician-based
outcomes that matter to patients (Clement et al. 2015, van
Hooff et al. 2015). In each of the five countries associated with
the Nordic Spinal Deformities Society (Sweden, Denmark,
Norway, Finland, and The Netherlands) such spine outcome
registries exist on a national level, but they are predominantly
focused on the lumbar spine. Outcome registries are most valuable if they are standardized, comparable between countries,
and include outcome measures that are relevant to the patient
population of interest (van Hooff et al. 2015, Porter et al. 2016).
Currently, no consensus-based standardized spinal deformity
outcomes measure exists for these national registries. The literature on spinal deformities is inundated with multiple measure-
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ment instruments used to evaluate a diverse range of treatment
outcomes. For example, in the spinal deformity literature, there
are 12 different measurement instruments to evaluate shoulder balance, none of which has been universally agreed upon
(Qiu et al. 2009). This leaves clinicians wondering which measurement instruments are the most appropriate to evaluate outcome after AYA spinal deformity treatment. Therefore, it is of
importance to agree internationally upon a core set of outcome
domains that are essential to measure in every AYA patient
undergoing spinal deformity surgery. The implementation of
such a core outcome set (COS) would facilitate comparison
across registries and ultimately would improve the quality of
daily clinical practice by enabling continuous evaluation and
improvement (Porter 2010, Porter et al. 2016).
The aim of this study was to develop a patient-relevant COS
that will facilitate benchmarking within and between the 5
countries of the NSDS and other registries worldwide.

Material and methods
Design
A modified Delphi study was performed, which consisted of a
literature review (preparatory stage) and 4 consensus rounds.
The day-to-day activities, design, and key aspects of the
study were performed by the project team (MdK, SSAF, MH,
MLvH, NMG, TMH). This project has been registered in the
COMET database (Core Outcome Measures in Effectiveness
Trials, http://www.comet-initiative.org).
Selection of Delphi panelists
During the 2014 annual meeting of the NSDS, the members
commissioned the project team to perform this study. 7 representatives of the national spine surgery registries from each
of the countries associated with the NSDS (2 from Sweden,
2 from Denmark, and 1 each from Finland, Norway, and the
Netherlands) were invited to participate. Each representative
had been practicing as a spine surgeon with a focus on AYA
spinal deformity for at least 5 years.
Generation of a list of potential core domains and
measurement instruments
With the aid of an experienced medical information specialist,
a systematic literature search was performed of all surgical
deformity studies that involved health-outcome measures. The
PubMed, eMBASE.com, Cinahl, and the Cochrane Library
databases were searched for articles published between January 1, 2000 and August 5, 2015. Appendix 1 (see Supplementary data) contains the PubMed search strategy (search strategies for the other databases are available on request).
Inclusion criteria:
• RCTs, non-randomized trials, and observational cohort
studies;
• n ≥ 20 participants, aged 10–25 years;
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• Patient-relevant outcomes were measured and reported;
• Patients undergoing surgery.
Exclusion criteria:
• Case series or studies with < 20 participants;
• Studies with solely radiographic or perioperative measures;
• Studies on non-operatively treated patients;
• Systematic reviews, animal studies, technical descriptions,
and papers on the development of measurement instruments;
• Studies concerning patients with neuromuscular disorders.
2 reviewers (TMH and MLvH) independently applied the
inclusion criteria to the titles and abstracts. If it was ambiguous whether the inclusion criteria were met, the full text article
was examined. In any case of disagreement, a third reviewer
(MdK) was consulted, who made the final decision.
Quality assessment (Appendix 2, see Supplementary
data)
The included papers were subjected to a 4-item risk of bias
assessment based on the GRADE (the Grading of Recommendations, Assessment, Development and Evaluation) workgroup (Guyatt et al. 2011, Guyatt 2015): A sum score of ≥ 3
was regarded as high methodological quality, while a score
of < 3 was regarded as low methodological quality. Papers
were scored independently by 2 reviewers (rotating between
SSAF, MLvH, and TMH). In any case of disagreement, the
third reviewer was consulted and made the final decision.
A data-extraction form was developed to obtain essential
study information including the measurement instruments
used to assess patient-related outcomes (e.g. ODI, SRS-22r)
as well as single-item measures (e.g. satisfaction with overall
treatment). The outcome domains (concepts; e.g. pain, function) measured by each instrument were classified within the
main chapters of the International Classification of Functioning, Disability and Health (ICF framework) as determined
by the World Health Organization (http://www.who.int/
classifications/icf/en/) (WHO). The ICF framework consists
of 5 chapters: Body Function, Activities, Participation, Environmental Factors, and Personal Factors. Data extraction was
performed independently by 2 reviewers (SSAF and RMH).
Finally, identified measurement instruments were subjected to
a clinimetric quality (Terwee et al. 2007) (e.g. validity and
reliability of the measurement instruments) and feasibility
assessment (availability in Nordic languages, license fees, and
time to complete).
Modified Delphi procedure
The Delphi study took place between August 2015 and September 2016. The first round was held during a face-to-face
meeting at the 2015 NSDS annual meeting in Amsterdam, the
Netherlands. The remaining 3 rounds were completed through
an online survey. In each round, panelists were asked to vote
for or against the inclusion of a list of potential core outcome
domains. Panelists could provide feedback on the appropriate-
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Identification
Records identified through
database searching
n = 2,120
Records after duplicates removed
n = 1,460
Screening
Records screened
n = 1,460
Records excluded
n = 1,224
Eligibility
Full-text articles assessed for eligibility
n = 236
Full-text articles excluded
n = 45
Included
Studies included in review
n = 191

Figure 1. Flowchart of literature search and selection process.

ness of each domain, the terminology and definitions used,
and whether important outcome domains were missing. After
each round a report was sent to the panelists, which included
an overview of the votes, a summary of the panelists’ feedback, and the adaptations made to the list of potential core
domains based on the feedback received. This report was also
used as input for the subsequent round. The threshold for consensus was set at 5 out of 7 panelists. If consensus was reached
and there was agreement with the terminology and definition,
the domain was included in the COS and excluded from subsequent rounds. Because a COS should only include the most
relevant domains for all patients, domains for which no consensus was achieved were excluded. In the first 3 rounds, consensus was sought on patient-relevant outcome domains, and
for round 4, the focus was on outcomes that could be measured
using patient-reported outcome measures (PROMs). Based
on an analysis of the clinimetric quality and the availability
of current PROMs, in round 4, panelists were queried on the
measurement instruments that should be used to measure the
core outcomes.

Results
Response
All panelists participated in Round 1 (face-to-face meeting)
and completed Rounds 2, 3, and 4 (online surveys), achieving
a 7/7 response rate for all rounds.
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Re-operations
HRQoL (subdomain)
Workability
Physical functioning
Pain interference
Leisure activity functioning
Psychological function
Pain intensity
Mental health
Pulmonary function
Comfort
Physical function
Curve progression
Sexual functioning
Satisfaction
Loss of correction
Environmental factors – appearance
Rehospitalization
Length of ICU stay
Length of hospitalization
Number of deaths
Adverse events
30 day readmission
Healthcare costs
Surgeon's satisfaction
QoL of care giver
Ease of care giving
Overall quality of life
Social functioning
Participation
Immobilization
Activities and participation –
family relations
Gait
Sleep function
Range of motion
Nutritional status
Muscle strength
Cognitive abilities
Ambulatory status
Balance
1

2

3

4

5

6

7

Panelist
Figure 2. Voting results of round 1. In favor (green) and not in favor
(red). Consensus  5/7.

List of potential core domains
The literature search revealed 2,120 papers. After title,
abstract, and full text selection, 191 papers remained for inclusion in the review (Figure 1). The 191 papers described a total
of 26 patient-relevant outcome measures, which measured 40
core outcome domains (Appendix 3, see Supplementary data).
The identified outcome domains covered 4 of the 5 ICF chapters, i.e. “Body Function”, “Activities”, “Participation”, and
“Environmental Factors”. No outcome domains were identified in the chapter “Personal Factors”. It was often not possible to make a clear distinction whether a domain could be
allocated to the chapters “Activities” or “Participation”, and
thus in Appendix 3 these 2 chapters are reported together.
Consensus round 1 (Figure 2)
Consensus was reached on the inclusion of 11 of 40 identified
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and voted on in Round 2. Consensus was reached
on the inclusion of “satisfaction with cosmetic
result”, “physical functioning”, “physical function”, “re-operation”, “complications”, “satisfaction with overall outcome”, “pain interference”,
“self-image, “pain intensity”, and “respiratory
function”.
In the Round 1 report, attention was given to
the difference between “adverse events” (any
medical occurrences in the treatment period, not
necessarily caused by the treatment) and “complications” (result of the treatment itself). In the
literature, complications were more often measured than adverse events.
In Round 2, the panelists regarded “curve progression” and “loss of correction” as similar outcome domains. To address this, these domains
were grouped together under “change of deformity”, defined as “progression of the curve or loss
of correction from first postoperative measurement to final follow-up as measured by Cobb’s
angle”. The definition of respiratory function,
adapted based on comments in Round 1, was still
confusing. It was not clear if this is measured
by PROMs or pulmonary function tests. It was
suggested to replace this domain with a patientreported domain “pulmonary fatigue”. Furthermore, there was debate concerning the overlap
between physical function and physical function1
2
3
4
5
6
7
ing. Although they are often used interchangePanelist
ably, according to the ICF, a fundamental differFigure 3. Voting results of round 2. In favor (green) and not in favor (red). Consensus
ence exists between them (WHO). Physical func 5/7.
tion entails any movement that involves the integration of multiple body systems and structures
domains in the COS: “re-operations”, “health-related qual- (e.g. reaching and sitting), while physical functioning focuses
ity of life (HRQoL)”, “workability”, “physical functioning”, on the instrumental activities of daily living (e.g. walking to
“pain interference”, “leisure activity functioning”, “psycho- the bus stop). Consensus was reached that both concepts are
logical function”, pain intensity”, “mental health”, “pulmo- essential for spinal deformity patients.
In addition, the domains of “scar length” and “ability to
nary function”, and “comfort”. Consensus was reached to not
continue with previous activities” (e.g. sports, acting) were
include multiple domains (Figure 2).
In Round 1, there were extensive discussions concerning the also suggested by panelists for inclusion. All suggestions and
distinction between “quality of life” (QoL) and “HRQoL”, the domains on which no consensus was achieved were included
definition of “pulmonary function” vs. “pulmonary fatigue”, in Round 3.
and “overall satisfaction” vs. more specific domains of satisfaction (satisfaction with “outcome”, “treatment service”, Consensus round 3 (Figure 4)
“cosmetic results”). Furthermore, panelists requested more After completion of Round 3, consensus was reached on the
information on the difference between the “adverse events” inclusion of 13 “core outcome domains” covering four major
and “complications” domains. A complete overview of the chapters of the ICF framework, and exclusion of 20 outcome
comments and discussion in Round 1 is provided in Appendix domains (Table). Of the 13, 10 are patient-reported and 3 are
4 (see Supplementary data).
clinician-reported (“reoperation”, complication”, and “loss
of correction”). No consensus was reached on the domains
Consensus round 2 (Figure 3)
of “interpersonal relations and interaction”, “mental health”,
Based on the proposed changes and comments provided in “self-esteem”, and “continuation of pervious activities”. In
Round 1, a list of 35 domains and definitions were presented Round 3, panelists did not have further comments.
Satisfaction with cosmetic result
Physical functioning
Physical function
Re-operation
Complications
Satisfaction with overall outcome
Pain interference
Self image
Pain intensity
Respiratory function
Health related quality of life
Participation-recreation and leasure
Self esteem
Mental health
Loss of correction
Participation-interpersonal relations and interactions
Curve progression
Appearance
Satisfaction with treatment services
Participation-work and employment
Participation-education
Mood
Adverse events
Satisfaction with social roles and activities
Balance
Length of ICU stay
Length of hospital stay
Number of deaths
30 day readmission
Surgeon’s satisfaction
Health care costs
Imobilization
Gait
Nutritional status
Ambulatory status
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Table 1. Outcome domains for which consensus is
reached to not include in the core outcome set

Satisfaction with overall outcome
Pain interference
Physical functioning
Satisfaction with cosmetic result
Health related quality of life
Recreation and leisure
Complications
Re-operation
Pulmonary fatique
Change in deformity
Self-image
Pain intensity
Physical function

Outcome domains not included in the COS

0

20

40

60

80

100

Relative frequency (%)
Activities

Participation

Environmental
outcomes

Body function
and structures

Figure 4. The core outcome set.

Round 4
The aim of Round 4 was to establish a clinimetrically sound
and comprehensive set of PROMs that would capture the
patient-reported core outcome domains identified in the first
3 rounds. Based on the analysis of the clinimetric information
(appendix 5, see Supplementary data) and a feasibility assessment (availability in Nordic languages, license fees, and time
to complete, appendix 6—see Supplementary data), 2 measurement instruments were proposed by the research team that
covered 9 out of the 13 domains:
• The SRS-22r, which measures the core outcome domains
“self-image”, “physical functioning”, “pain interference”,
“physical function”, “pain intensity”, “participation: recreation and leisure”, “satisfaction with the cosmetic result”,
and “satisfaction with the overall outcome of surgery”.
• The EQ-5D, which measures the core outcome domain
“HRQoL”.
The domain of “pulmonary fatigue” that can be patientreported was not covered.
As no validated measurement instrument was found that
measures patient-reported “pulmonary fatigue” for the target
population, we propose that a questionnaire to measure this
outcome domain be developed.
The remaining 3 domains (“re-operation”, “complications”,
and “change in deformity”) are clinician reported, but will
need further study to identify the definitions and measurement
method.
In Round 4, consensus was reached (6/7 panelists agreed)
that this was the set of measurement instruments that is feasible to implement in the Nordic registries and that captures
most domains.

Discussion
International consensus on outcome domains and measures
is essential for identifying effectiveness of treatments, bench-
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Adverse events
Ambulatory status
Appearance
Balance
Gait
Health care costs
Immobilization
Length of hospital stay
Length of ICU stay
Mood
Number of deaths
Nutritional status
Participation—education
30-day readmission
Participation—work and employment
Satisfaction with treatment services
Satisfaction with social roles and activities
Scar length
Surgeon’s satisfaction

marking, improving quality, and conducting multicenter studies. Using the methodological guidance of initiatives such as
COMET (Prinsen et al. 2014), OMERACT (Boers et al. 2014)
and ICHOM (Clement et al. 2015), this study has identified a
COS for AYA spine deformity surgery patients for implementation and validation in the Nordic Spine Surgery Registries. It
consists of 13 domains and 2 accompanying patient-reported
measurement instruments (SRS-22r and EQ5D), which have
been agreed upon by representatives of the Nordic Spine Surgery Registries.
The 13 outcome domains defined in this COS cover 4 of 5
main chapters of the ICF framework and correspond with the
common symptoms that the target patient group report including back pain, limited range of motion, activity limitations,
waistline imbalance, rib prominence, wound/scar problems,
and shortness of breath (Spanyer et al. 2015). Furthermore,
psychological outcomes, such as self-image, are included
in the COS, a need that has been emphasized in a previous
study for AYA with spinal deformities (Wang et al. 2014). Our
study highlighted the omission of patient-reported pulmonary
fatigue in the literature and proposed to include this domain in
the COS, even though no measurement instrument is currently
available.
In our study, consensus was also reached on a core set of
PROM instruments that were considered to be optimal for
measuring 10 of the 13 identified core outcome domains. The
PROMs had to be valid, reliable, and feasible to implement.
After a review and assessment of the clinimetric literature,
consensus was reached to use the SRS-22r, the EQ-5D, and a
pulmonary fatigue questionnaire (yet to be developed and validated). The SF-12 scored equal to the EQ-5D on clinimetric
quality, feasibility, and acceptance. Nevertheless, the EQ-5D
was favored based on its use in health economic evaluations
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by calculating utilities, its current use in the Nordic lumbar
spine registries (thereby contributing to consistency), and
because the license fee is waived for non-commercial use for
the EQ-5D but not for the SF-12. We recommend that this core
set of measurement instruments be regularly updated, as the
PROM field is rapidly changing. For example, in the future,
computer-adaptive testing based on item response theory
(IRT) may be available for spinal deformity patients (e.g. the
National Institutes of Health (NIH) Patient-Reported Outcomes Measurement Information System (PROMIS®)) (Cella
et al. 2010, Gershon et al. 2010), Alonso et al. 2013). The
remaining 3 outcome domains identified in the COS (“complications”, “re-operation”, “change in deformity”) are reported
by the clinician. During this Delphi study it became clear that
it was too early to reach consensus on the exact definitions and
measurement methods for the 3 clinician-reported outcome
domains. For example, within the spine field, there are ongoing discussions regarding the definitions and measurement of
complications and re-operations. In the future, these results
could be implemented in the COS presented here. Although
deemed important and “core” by our panelists, pulmonary
fatigue measures are not common practice in AYA with spinal
deformities. To the best of our knowledge, no measures currently exist that are valid and sensitive enough to measure this
domain in this patient group.
Strengths and limitations
A limitation of our study is that pre-selected spine surgeons
with sufficient influence and knowledge of their country’s
spine registry were invited to participate. Although this purposeful sampling increases the risk of selection bias, it also
increases the likelihood of uptake and implementation by the
respective spine registries.
The target patient group was not involved in the Delphi
procedure, which has recently been recommended by methodological papers on COS development and as well by ICHOM
methodology (Boers et al. 2014, Clement et al. 2015). With
our partially underage and non-English-speaking patient
group, we deemed it infeasible to find adequate patient representatives to participate in the Delphi procedure. An alternative to involving patients in the consensus procedure itself
might be to validate, and if necessary adapt, the COS based on
a future patient focus-group study.
Strengths include the thorough systematic literature search
by a specialized medical information specialist to find potential outcome domains and the clinimetric and feasibility
assessment of PROMs, which provided the panelists with upto-date and high-quality information. An excellent response
rate of 7/7 for all rounds was reached. Finally, the ICF framework was used and showed that the proposed COS covers the
whole patient experience of having a spinal deformity.
Future perspectives
This is the first step in the development of a global COS that
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could be used in both outcome registries and research. Additional steps are needed before a global COS can be implemented, which include designing an additional pulmonary
fatigue questionnaire, providing the right definition for the 3
clinician-reported outcomes (“re-operation”, “complications”,
and “change in deformity”), reaching consensus on the relevant case mix variables to allow for risk stratification, agreeing on the timing of the measurement moments (e.g. 6, 12, or
24 months postoperatively), repeating the Delphi procedure
in a global setting, the validation of this “Nordic” COS in settings with different health care systems and cultures, and validation in a representative patient group.
Summary
To our knowledge, this is the first COS that has been developed for a large subgroup of patients with a spinal deformity.
The study shows that it is feasible to reach consensus among
experts from the Nordic region on which outcomes are most
important to measure in the AYA patient group undergoing
deformity surgery. A gap in current outcome measurements
is identified, namely for pulmonary fatigue. Suggestions are
provided for future steps needed to establish a global core
outcome set. A globally implemented COS facilitates better
pooling of research data. It also facilitates the implementation
of high-quality (national) spine deformity surgery registries,
which by benchmarking not only nationally, but also internationally, may ultimately improve the value of the care given to
our patients.
Supplementary data
Appendices 1–6 are available in the online version of this article, http://dx.doi.org/ 10.1080/17453674.2017.1371371
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