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Abstract

Objectives: AO Spine REsearch objectives and Common Data Elements for Degenerative Cervical Myelopathy
[RECODE-DCM] is a multi-stakeholder consensus process aiming to promote research efficiency in DCM. It aims to
establish the top 10 research uncertainties, through a James Lind Alliance Priority Setting Partnership [PSP]. Through
a consensus process, research questions are generated and ranked. The inclusion of people with cervical
myelopathy [PwCM] is central to the process. We hypothesized that presenting PwCM experience through word
cloud generation would stimulate other key stakeholders to generate research questions better aligned with PwCM
needs. This protocol outlines our plans to evaluate this as a nested methodological study within our PSP.

Methods: An online poll asked PwCM to submit and vote on words associated with aspects of DCM. After review,
a refined word list was re-polled for voting and word submission. Word clouds were generated and an
implementation plan for AO Spine RECODE-DCM PSP surveys was subsequently developed.
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creative research agenda.

Results: Seventy-nine terms were submitted after the first poll. Eighty-seven refined words were then re-polled
(which added a further 39 words). Four word clouds were generated under the categories of diagnosis,
management, long-term effects, and other. A 1:1 block randomization protocol to assess word cloud impact on the
number and relevance of PSP research questions was generated.

Conclusions: We have shown it is feasible to work with PwCM to generate a tool for the AO Spine RECODE-DCM
nested methodological study. Once the survey stage is completed, we will be able to evaluate the impact of the
word clouds. Further research will be needed to assess the value of any impact in terms of stimulating a more
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Introduction

Degenerative cervical myelopathy [DCM] is the most
common cause of spinal cord dysfunction worldwide [1].
It arises when arthritic changes in the cervical spine lead
to its narrowing - causing compression injury to the cer-
vical spinal cord. Currently, despite the best available
treatment [2], many people with DCM will be left with
life-changing disabilities [3] and some of the worst qual-
ity of life scores of chronic diseases [4].

AO Spine REsearch objectives and Common Data Ele-
ments for Degenerative Cervical Myelopathy [RECODE-
DCM] is a multi-stakeholder consensus process which ul-
timately aims to accelerate research progress, through the
formation of recommendations that improve research effi-
ciency [5]. It combines several consensus initiatives, in-
cluding to confirm the definition of DCM, to establish the
top 10 research uncertainties, and to establish a minimum
critical dataset for clinical research, care, and audit.

The process to establish research uncertainties is sup-
ported by organizations such as the James Lind Alliance
[JLA] [6] as a Priority Setting Partnership [PSP]. JLA meth-
odology starts by seeking research suggestions from patients,
family, caregivers, and front-line healthcare professionals.
Commonly this has been delivered using an electronic sur-
vey, with sub-sections adapted to the condition and scope, to
stimulate ideas. For AO Spine RECODE-DCM, it was estab-
lished that these sub-sections would include diagnosis, treat-
ment, long-term management, and other issues [5].

A major driver of inefficiency in health research is pro-
posed to be the exclusion of end-users (e.g., people with
cervical myelopathy [PwCM]) from participation in re-
search design [7, 8]. Their involvement is central to im-
pactful results [9-11]. While this is recognized in the
PSP by their participation in the surveys, we hypothe-
sized that their experience could also be used to stimu-
late other stakeholders to generate research questions
aligned with this user group. Their input should be help-
ful as one of the challenges for a DCM PSP is that a di-
versity of healthcare professionals are involved in DCM

care, but generally, it forms a minority of their practice
or is confined to a short stage of the disease, e.g., diag-
nosis [12, 13]. This lack of information and the narrow
foci of each practitioner’s role have been proposed to
hamper modern clinical research creativity [14].

Word clouds are a tool which enables qualitative data
to be displayed; the importance or frequency is assigned
by word size or orientation. In the medical literature,
word clouds are mainly used to report qualitative patient
interview data [15], although further afield they have
been used to stimulate creativity [16, 17].

This article describes the generation of word clouds of
terms suggested by individuals with DCM, for diagnosis,
treatment, long-term management, and other aspects of
DCM, so that they can be used in the PSP survey. The
article also outlines how word clouds will be nested
within AO Spine RECODE-DCM, in order to evaluate
their impact on responses in the online survey. This will
give insight into their role and value to stimulate a cre-
ative research agenda from respondents to surveys about
research priorities.

Methods

The word clouds were generated working with Myelop-
athy Support, an online peer-to-peer support community
for individuals with DCM and their caregivers. Ethical
approval has not been required for the involvement of
the Myelopathy Support members as their role is to help
to develop the word clouds for the survey and they are
not research participants. The moderator for the Myel-
opathy Support group is a member of the Steering
Group for the Priority Setting Partnership who design
and manage the survey. Myelopathy Support is an arm
of Myelopathy.org, an international charity for DCM.
Myelopathy Support includes an online support group
hosted on Facebook (California, USA). The group is
closed, and access is moderated by Myelopathy.org vol-
unteers [IS]. Individuals wishing to join the group are re-
quired to confirm they have myelopathy and will adhere
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to community guidelines. Prior experience has demon-
strated that demographics and disease characteristics of
this group, aside from a female gender predominance,
are broadly representative of DCM [18-22].

Over a 2-week period, four posts were pinned to the
top of the Myelopathy Support group: (1) “What words
do you associate with diagnosis phase of myelopathy?”
(2) “What words do you associate with the management
phase of myelopathy?” (3) “What words do you associate
with the long-term care/living with myelopathy?” (4)
“Any other relevant words?”. The posts were accompan-
ied by covering information outlining the background
and rationale for this exercise, piloted and approved by
IS [Supporting Information 1]. In short, group members
were encouraged to add their unrepresented suggestions
as comments on the particular post or posts and to vote
(as likes or with emotions) the posted words with which
they agreed. This exercise was moderated by a group ad-
ministrator [IS]. No data was collected on individual
participants, e.g., their demographics. There was no limit
on how many times a group member could contribute.

Following the 2-week period, the submitted words and
their respective votes were reviewed by the AO Spine
RECODE-DCM Management Group [ODM, ES, DK, IS,
BMD, OH] and duplicated words were removed. By mu-
tual agreement, words considered to be out of scope
were removed, and words felt to be better reflected in a
different section were moved. Through consultation with
representatives of the other Healthcare Professional
stakeholder group (ES, SS) and discussion amongst the
management group, some additional word suggestions
were put forward. The aim of this was to include the
perspective of an additionally under-represented stake-
holder group [23] (other healthcare professionals) while
ensuring this remained patient-centered by presenting
any suggestions back to the group.

The final lists were then re-posted to the group as a
series of polls, to allow members to review the list and
vote for the words with which they most agreed [Support-
ing Information 2]. Users could continue to submit add-
itional suggestions, which were then available to be polled.
Users could not vote more than once. This second-round
exercise ran for a further 2 weeks. The findings were proc-
essed by the management group, to combine duplicates
and remove out of scope suggestions. Word clouds were
generated using WordArt.com (California, USA) for each
major section. The size of the word was proportional to
the number of votes it received. Words without a vote
were not included. The first iteration of the output was
used, without modification.

Results
Members of the Myelopathy Support online group sub-
mitted 79 words, specifically 18 for diagnosis, 16 for
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treatment, 29 for long-term management, and 16 for
other. Following internal discussion, with consultation
from ES and SK, a further 25 words were suggested for
inclusion, including 4 for diagnosis, 8 for treatment, 8
for long-term management, and 5 for other. It was
agreed that “Loss of Vision” was out of scope, and “De-
pression,” “Walking Problems,” “Worry,” and “Anxiety”
were already represented in the long-term management
and could be removed from the other category. The final
shortlist of words is shown in Table 1 and was placed
into Facebook polls as outlined in Supporting Informa-
tion 3 and Supporting Information 4. In this second
round, a further 39 words were added. All words were
polled at least once, with “weakness” receiving the max-
imum votes 47 (Table 2). The data was used to generate
word clouds for their respective sections (Figs. 1, 2, 3,
and 4).

Implementation plan for AO Spine RECODE-DCM
AO Spine RECODE-DCM includes several parallel con-
sensus processes, including a research priority setting
partnership and the development of a minimum data
set. The AO Spine RECODE-DCM survey will be
accessed via a single-entry point, with block
randomization to one of the two streams (either Priority
Setting Partnership or Minimum Data Set) per stake-
holder group (spinal surgeon, other healthcare profes-
sionals, persons with DCM and their supporters). This
methodology was chosen for efficiency to enable a single
recruitment phase. Further detail on the overall process
is provided in reference [5].

For participants allocated to the PSP, further 1:1 block
randomization will occur to two streams, a survey in-
cluding word clouds and a second stream without word
clouds. For those allocated to the word cloud stream,
participants will complete the survey as planned initially.
However, after survey completion, respondents will be
presented with a brief overview of the development
method and aims of the word cloud subproject. Partici-
pants will then be presented with each word cloud in
turn, with the option to submit further research ques-
tions. This approach was taken for two principal reasons.
Firstly, to ensure the traditional JLA methodology can
be conducted contemporaneously, but still partitioned if
required, and secondly, to enable any cross over of re-
sponses within the word cloud arm to be considered.
Participants will be able to move freely within the survey
up until the point they reached a final “thank you” page.
Consequently, it will be theoretically possible for partici-
pants in the word cloud stream to edit their pre-word
cloud form having seen the word clouds. This cannot be
tracked by the survey platform. However, by retaining an
arm who have no access to the word clouds, any such
cross over can be evaluated.
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Table 1 Words and their respective categories, placed into polls ~ Table 2 Results of polling. Words submitted as new are in red

for the second stage. Words in green have been moved from

Poll 1: What words Poll 2: What words Poll 3: What words Poll 4: Can you
treatment to d 1agnosis. Words in black were submitted by do you associate do you associate do you associate think of any other
Myelopathy Support members. Words in red were submitted by with diagnosis of with treatment of with long-term relevant words
the ma nagement group myelopathy myelopathy care/living with

myelopathy
Poll 1: What words do Poll 2: What words do Poll 3: What words do Poll 4: Can you think of
you associate with you associate with you associate with long- | any other relevant paralysis 14 | surgery 47 | pain 29 | devastating 13
diagnosis of myelopathy | treatment of myelopathy | term care/living with words fear 20 | questions 19 | decline 7 | welfare benefits 7
myelopathy

unknown 7 neurosurgeon 22 | disability 33 | genetic 4

paralysis surgery pain devastating misdiagnosed 22 | severity 9 | sadness 14 | education 1
assessment
fear questions decline welfare benefits

delayed 11 | collar 7 tiredness/fatigue 30 | blood test 1

unknown neurosurgeon disability genetic

numbness 36 | limited 13 | weakness 21 | stem cells 1

isdic d it t i
misciagnose severily assessmen sadness common weakness 49 | fusion 24 | tingling 19 | smart technology | 1
delayed collar tiredness/fatigue blood test pain 38 25 24 | dismissive 25
attitudes
numbness limited weakness stem cells

stenosis 20 | emergency 8 | immobility 13 | ignorance 29

weakness fusion tingling smart technology

foot drop 10 | hope 5 therapy 4 GP ignorance 13

pain P dismissive attitudes clonus 13 | pain 29 | unsociable 8 | hopelessness 9
stenosis emergency immobility ignorance spasticity 27 | painkillers 19 | restrictive 9 | fibromyalgia 10
foot drop hope therapy GP ignorance late 4 drugs 8 anger 9 knowledge 3

shock 14 | anxiety 20 | depression 15 | urinary problems | 1

clonus pain unsociable hopeless

confusion 14 | unpredictable 34 | loss of 20 | proprioception 7

spasticity painkillers restrictive fibromyalgia independence

late drugs anger 13 9 30 | suffering 5

shock anxiety depression vague 4 | support 1 adaptation 12 | arthritis 5
) ) MRI 23 | complications 14 | frustration 21 | weight gain 3

confusion unpredictable loss of independence

EMG 6 steroids 2 isolation 17 | low exercise 3

misinterpreted hysiothera inpredictable
isinterp physt 4 unpredi tolerance
vague chiropractor adaptation nerve conduction 2 rehabilitation 11 | wheel chair 4 uncoordinated 3
study
MRI complications frustration
neurology 21 | uncertainty 13 | quality of life 22 | self-advocacy 3
EMG steroids isolation
physiotherapy 3 | recovery 12 | carer 2 | psychological 2
Nerve conduction study i
Nerve conduction study | rehabilitation wheel chair dizziness 1| communication 10 | falls 11 | biomarkers 1
neurology quality of life orthopaedics 5 Fear 4 sexual dysfunction "
physiotherapy carer clumsiness 34 | depression 4 incontinence 9
imbalance 40 | prevention 1 | support 1
general practice falls
musculoskeletal 9 disc replacement 1 walking aids 16
orthopaedics sexual dysfunction
life-altering 29 | trauma 1| follow up 5
clumsiness incontinence
Tingling 26 | follow up 1| anxiety 7
imbalance hydrotherapy Burning 23 spasticity 4
musculoskeletal walking aids Falls 17 muscle twitches 4
fatigue 18 sensory disorder 9
follow up

incontinence 13 mobility scooter 3

sensory disorder | 13 compromise 3

headache 10 medication 2

heavy extremities 8

loss of dexterity 2

Lhermitte’s sign 1
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As part of any JLA PSP, the raw suggestions are proc-
essed into their individual questions. Then questions
deemed “out of scope” are removed, before the
remaining questions are collated into common themes,
each represented by a summary question. This process is
iterative, with a clear audit trail to track where any sub-
mission ends up. Consequently, the overall number of
questions submitted, alongside the number deemed “in-
scope” research questions and the number linked to a
summary question appearing in the final research prior-
ity list, will be recorded in this evaluation. These
numbers will be compared between streams, and for
those in the word cloud stream, before and after viewing
the word cloud. Metrics will be evaluated overall and
per stakeholder group, as well as specifically for each
category of question (diagnosis, treatment, long-term
management, and other). The impact of the relative size
of a word or its relative competition (the number of
other words in the cloud) will also be evaluated, by com-
paring the number of questions generated that match
each word and evaluating for a positive correlation. The
use of word clouds will be judged meaningful if they
prompt a greater breadth of suggestions across the
phases of care. Suitable statistical methods will be used
for comparisons based on the distribution of the data.

Discussion

Primarily driven by individuals with DCM, word clouds
were developed for associations with the diagnosis, treat-
ment, long-term phases of care, and an “other” category.
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Fig. 2 Word cloud for treatment

These will be nested within AO Spine RECODE-DCM,
in order to evaluate their role in supporting the research
uncertainty gathering phase of a JLA Research Priority
Setting Partnership.

The diagnosis word cloud highlights prominent symp-
toms and MRI, the gold standard diagnostic tool. The
treatment section highlighted the gold standard treat-
ment—surgical decompression. The long-term manage-
ment section highlighted disability and tiredness. The
other category highlighted ignorance of the condition.
Amongst several pervasive themes were pain and psy-
chological consequences such as anxiety and depression.

The perspective of PwWCM has been limited within
DCM research to date, but wider experience from
healthcare shows this can bring critical insights [8]. In
one of the few previous DCM examples, our evaluation
of PWCM recovery priorities identified that pain, along-
side upper and lower limb function, was most valued
[18]. This contrasts the current outcomes of research
studies not including PwCM input and supports the ra-
tionale for AO Spine RECODE-DCM, and its establish-
ment of a minimum data set. The broad range of ideas
displayed goes beyond current research foci [23] indi-
cating the value of engaging PwCM in research design [8].

We hypothesize that this PwCM perspective could be
enhanced within a JLA PSP. While PSP were developed
to ensure the voice of patients is incorporated into set-
ting a research agenda, this is only really considered by
the group as a whole during the final consensus meeting.
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Put specifically, professionals do not have the opportun-
ity to reflect on “patient” perspectives until summary
questions have already been generated and shortlisted.
In this nested methodological study, we will therefore
evaluate whether the PWCM generated word clouds can
help the group as a whole develop research questions
and specifically, priority research questions.

Word clouds are a clustering technique mainly applied
for the visual analysis of qualitative data. A search of
MEDLINE for “Wordcloud” or “Word Cloud,” including
title and abstract screening, returned 53 articles (12 Au-
gust 2019). Articles describe word cloud use to depict
survey, workshop/forum, or medical literature data as
well as other interesting applications to assist keyword
identification for literature searches [24, 25] and to
evaluate reference letters for residency programs [26].
There are currently only two references to their use for
stimulating ideas and both were deemed effective; first in
palliative care, where word clouds were generated by a pal-
liative patient and their family, to support positive memor-
ies during the bereavement process [27], and secondly, as
part of an education initiative asking medical students to
consider “What is professionalism?” [28]. Word cloud usage
outside of medicine is much broader [16].

The methodology to form the word clouds was devel-
oped by the management group of AO Spine RECODE-
DCM. Only a single prior study evaluating the design of
word clouds was identified, in which the semantic
grouping of word clouds was found to be more effect-
ive [15]. In the DCM context, word clouds for each sec-
tion (diagnosis, treatment, etc.) were derived as opposed
to a single word cloud for all DCM concepts. This was
chosen to match the predefined questions covering
phases of care, and in line with our principal objective to
encourage broader research uncertainty gathering. Add-
itionally, a two-stage development process was used,
whereby ideas were gathered before being represented to
the group for polling. Whether a two-stage development
process was required is unclear. It was partly inspired by
the two-stage iterative processes that are common to
most DELPHI processes. However, it may be more effi-
cient to generate a provisional list internally and then
simply develop a poll where users can make additional
suggestions. Of note, while unmeasurable, it was our
sense that the two-stage process helped to focus the
community to the task and its objectives in this instance.

We acknowledge that this was an internet-recruited,
convenience sample of persons with DCM. Therefore,
the generalization of these word clouds, in the absence
of demographics, cannot be fully evaluated. Experience
from prior research involving this group indicates their
demographics and disease characteristics are broadly
representative of DCM [18-22]; moreover, the use of
such sampling is the mainstay of traditional JLA PSP
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[29]. As these details will be captured within AO Spine
RECODE-DCM, potential bias can be evaluated.

Conclusion

We have shown it is feasible to work with PwCM with
relevant experience to generate a tool for the AO Spine
RECODE-DCM nested methodological study. Once the
survey stage is completed, we will be able to evaluate the
impact of the word clouds. Further research will be
needed to assess the value of any impact in terms of
stimulating a more creative research agenda.
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