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Evidence and gap maps (EGM) can be used to idegéips within specific research areas
and help guide future research agendas and dinscti@urrently, there are no EGMs within
the broad domain of chronic musculoskeletal (MS&ippn adults. The aim of this study was
to create a contemporary EGM of interventions amdames used for research investigating
chronic MSK pain. This EGM was based on systenmratieews of interventions published in
scientific journals within the last 20 years. EmdaRubMed, the Cochrane Library, and
PsycINFO were used to.retrieve studies for inclusibhe quality of the included reviews
was assessed using AMSTAR-II. Interventions wer¢egmised as either physical,
psychological, pharmacological, education/advingerdisciplinary, or other. Outcomes were
categorised using the Initiative on Methods, Measant, and Pain Assessment in Clinical
Trials (IMMPACT) recommendations. Of 4299 systemaviews, 457 were included. Of
these, 50% were rated critically low quality, 258&tvlquality, 10% moderate quality and
15% were rated high quality. Physical interventideg)., exercise therapy) and education
were the most common interventions reported in &b 20% of the studies, respectively.
Pain (97%) and physical functioning (87%) were tinest reported outcomes in the
systematic reviews. Few systematic reviews useetdigciplinary interventions (3%) and
economic-related outcomes (2%). This contempoE®M revealed a low proportion of

high-quality evidence within chronic musculoskele(®SK) pain. This EGM clearly



outlines the lack of high-quality research and leed for increased focus on interventions

encompassing the entire biopsychosocial perspective

Keywords: musculoskeletal pain; participatory reskaevidence and gap map; adults

Introduction

An evidence and gap map (EGM) is a method providimgntemporary overview of health-
related evidence [22,34]. The method allows fotesysitic overviews of large research areas
which can be used to identify gaps in existing aesle and assess‘the quality of research [40].
Such systematic overviews (maps of research) cmninresearch and strategic research
investments to target the areas with the largesteace gaps or the areas with the lowest
qguality of evidence [30]. Similarly,.these overviewan inform researchers and funders
where more evidence i®t needed [11,35]. One of the areas where the anufuisearch
has increased exponentially, and overviews areatkeedwithin the management of chronic
musculoskeletal (MSK) pain.

Chronic MSK pain (defined as persistent pain forrenthan three months affecting
bone, joint, muscle, and/or related soft tissue)rasked among the top 20 diseases
contributing. most to the global burden of diseasf®4,28,38]. The broad definition of
chronic MSK pain results in a heterogeneous grdupatients with disorders ranging from
low to very high in complexity. This results in ange of negative consequences for people
living with chronic MSK pain as well as their fames [6,23,25,37]. The societal and
healthcare burden of chronic MSK pain is enormond amounts to 2% of the gross
domestic product in European countries [2]. Deslaitge research investments within this
field, we still lack effective management stratsgibat can provide long-term benefits for

people living with chronic MSK pain [12].



This large production of knowledge makes it difficto keep up and understand
where to focus research efforts (i.e., where doeed more knowledge?) and where to focus
implementation efforts (i.e., where do we have kiealge on effective treatments that have
not yet been implemented?). To accommodate thisyiEBave previously been used to
provide policymakers with a shortcut of synthesikedwledge within a certain area (e.qg.,
treatments for pediatric chronic pain) and further to support funding and research
priorities [4,5,29,36].

By mapping the current evidence and appraising litleeature, an EGM within
chronic MSK pain is an important step in informiramd. improving future research.
Therefore, this study aimed to create a contempoEEM of systematic reviews of

randomised control trials investigating the-managetinof chronic MSK pain in adults.

Methods

This EGM is based on a systematic search of tleeatilre and adheres to the PRISMA
reporting guidelines for systematic reviews (12stAdy protocol was registered on the Open
Science Framework in-January 2021 (DOI: 10.17606/@B3TQXH). Two revisions were
made after the original registration. The firstisean was made to clarify the data extraction
outcomes and was specified to include outcomesomdt restricted to pain (e.g., the
IMMPACT recommendations). The second revision waslenonly to include systematic
reviews that were based on at least three relenaartomised control studies (RCT). We
followed the Campbell Collaboration for the methlody of EGMs by using a structure

including the following steps [40]: development sifope, in/exclusion criteria, systematic



review of the literature, extraction of data, as&yand visualization [19,30,35]. Data will be

available for further analysis by contacting théhaus.

Deviationsfrom Protocol and Pre-registration

To accommodate the workload of the high numbemoluded reviews for this EGM, two
new authors were invited to join the research gi@ip and MKB). To reduce the number of
included reviews, we changed the number of incluB€T's needed for inclusion from a
minimum of two to a minimum of three RCTs. We pladron complementing our literature
search with citation tracking which was not deemedessary because of the high number

(more than 450) of included systematic reviews.

Eligibility Criteria

Systematic reviews were eligible for inclusioniéy met the following criteria:

1) Any type of peer-reviewed published systematic e@vconcerning management of
chronic MSK pain (i.e., not including pelvic paiohronic primary headache or
orofacial pain and chronic primary visceral pain);

2) Published in English;

3) Focused on adults or reported separate findings &dult studies;

4) Based on at least three randomised studies focusir@ny intervention for chronic
MSK pain (defined as pain lasting at least threenttn® or longer and/or pain
described as “chronic,” “recurrent,” or “persistgnand

5) Reports on at least one outcome of chronic muskeletal pain formulated by the
IMMPACT recommendations or quality of life, sleepprk-related outcomes, or

economic factors



We excluded studies which were not based on a regsie search and synthesis (e.qg.,
narrative reviews, scoping reviews, editorials, ardss-sectional studies), non-human
research, studies focusing solely on children (urttie age of 18), systematic reviews
investigating chronic secondary musculoskeletah gae., chronic pain in bones, joint and
tendons arising from an underlying disease clask#isewhere (8)), studies only focusing on
chronic MSK pain diagnosis, assessment, or prevaleand studies published more than 20
years ago. If multiple versions of the same systemaview were identified, we only
included the most recently published version. Dyitime process of generating data for this
EGM, a new MSK pain condition appeared in the ditere, i.e., long COVID (SARS-CoV-2)
MSK pain [10]. At this stage, it is not known ifishs a condition which will persist for many

years and hence long COVID MSK pain was not inatlide

Search Strategy

We developed a highly sensitive search togethdr ait experienced research librarian. The
literature search included medical subject head{egs., MeSH in PubMed and Emtree in
EMBase) and text words related to chronic MSK pgee search in appendix 1). We
conducted the search in the following databasesB&d¢ via OVID, Medline via PubMed,

the Cochrane Library, and PsycINFO

Study Selection

All citations from the literature search were imggorinto Covidence (Covidence systematic
review software, Veritas Health Innovation, Melboey Australia. Available at
www.covidence.org). Duplicates were removed usingi@ence and Endnote, and through a

manual screening. Citations were kept in Covidenog, the subsequent screening and data



extraction were completed using Covidence. Threthaas (KDL, MNC, and REL)
independently screened the titles and abstractheofeviews. A fourth author (MSR) was
available to resolve any conflicts. Full-text ravge were screened independently by three
authors (KDL, MNC, and REL) to assess the finalusmn into the review. Disagreements

were solved through consensus with a fourth atd@R).

Data Collection

We extracted data using Covidence and used stasddrdata extraction forms. The senior
author (MSR) instructed KDL, CD, MKB and MNC. in extting data .and several papers
were piloted until consensus between all extracanghors and MSR were reached. The
items extracted from each study included: title,immauthor, publication year, journal,

country, population, primary objective, settingglirsion/exclusion criteria, date of literature
search, meta-analysis, types _of included reviewsnber of RCTs included, source of
financial support, conflict-of interest, type oftervention, control groups, outcomes, and

timing of outcome assessments.

Risk of Bias

The 16-item AMSTAR-2 critical appraisal tool wasedsto assess the included systematic
reviews [32]. The appraisal tool included sevetiaai domains including: pre-registration of
protocol, adequacy of the literature search, justiion of excluded studies, risk of bias
analysis from included studies, the appropriatemésmeta-analysis methods (if used), the
role of risk of bias in the interpretation of tresults (including financial support and conflict
of interest) and the lastly the impact of publicatbias. Quality assessments were performed
independently by KDL, CD, and MKB. All papers weatteuble-checked for agreement by

KDL. Disagreements were resolved at a consensudingewith MSR. Each included



systematic review was summarized using a qualityngaas a reflective measure for the
strength of the results obtained from the reviewisTscore was established based on the

criteria used in Birnie et. al. 2020 [4]:

1) High: No or one non-critical weakness; the systematigerv provided an accurate
and comprehensive summary of the results of thaadla reviews that addressed the
guestion of interest.

2) Moderate: More than one non-critical weakness; the" systematview had more
than one weakness but no critical flaws. It mayehanovided an accurate summary of
the results of the available reviews that wereudet in the review.

3) Low: One critical flaw with or without non-critical va&nesses; the systematic review
had a critical flaw and may not have provided acusate and comprehensive
summary of the available reviews that addressedlestion of interest.

4) Critically Low: More than one critical flaw with or without non-ical weaknesses;
the systematic review had more than one critieak fand should not be relied on to

provide an accurate and comprehensive summaryeaivilable reviews.

Data Synthesis

Findings from the systematic reviews were summdrif@ough a narrative synthesis
describing the settings, populations, interventioc@ntrols, outcomes, and the timing of
outcomes (See Table 1 for description). The finsingre used to create a tabular view and
pie-charts of the evidence and potential gaps, hwiwere used to establisibsolute gaps
(areas with little to no evidence) amghthesis gaps (areas with poor quality evidence). The
population was categorised into the following paategories: foot/ankle, knee, hip/groin,

back (thoracic, lumbar, and sacral), neck, shouleleow, wrist/hand, widespread pain (e.g.,



fibromyalgia), complex regional pain syndrome, atlder pain types. The specific diagnosis
was registered if available. Intervention groupseneategorised into the following: physical
(e.g., exercise, surgery, needling), psychologi@alg., cognitive behavioural therapy,
acceptance, and commitment therapy), pharmacolo@ecg., paracetamol, non-steroidal
anti-inflammatory drugs, gabapentin), educationi@elv interdisciplinary, and other
intervention groups, similar to terminology desedbby Birnie et al. [4]. Control groups
were categorised into the following: physical, pwogical, pharmacological,
interdisciplinary, education/advice, inactive (e.gest or wait-and-see), placebo/sham, or
other control groups. Outcomes were categoriseegdoas the Initiative on Methods,
Measurement, and Pain Assessment in Clinical T{&MVIPACT) recommendations into
the following [39]: pain, physical functioning, etranal functioning, participant ratings of
improvement, satisfaction with treatment, symptonmaslverse events, and participant
disposition (e.g., adherence to the treatment regiand reasons for premature withdrawal
from the trial). Furthermore, measures of qualitylifie, work-related, sleep-related, and
economic outcomes, and others were added to theflipossible outcomes. Lastly, the
timing of outcomes was categorised into the follogvi 0-3 months, 3-6 months, 6-12
months, above 12 months. Source of funding andlictsfof interest were reported and

extracted for the risk of bias assessment, bubth@rwise used in the analysis.

INSERT TABLE 1 HERE: LEGEND: Description of Population, I ntervention, Control,

Outcomes and Timing

Results
From the database searches, 5586 records werefieenDuplicates were removed (n =

126), leaving 5460 records for screening. Throuti &nd abstract screening, 4299 records



were excluded, and 1161 records were availabldéulbtext screening. Of these, 704 were
deemed ineligible, leaving 457 unique reviews tartlmduded for further data extraction and
analysis (PRISMA flowchart can be seen in FigureMgta-analyses were used in 63% of
the included reviews. For a detailed descriptiontled included systematic reviews, see

Appendix 2: Study characteristics. The overall EG&h be seen in Figure 2.

INSERT FIGURE 1 HERE

Setting

The included reviews contained several differentirges. However, 58% (n = 267) of the

included reviews lacked a clear description ofsb#ing. The settings most often described
were outpatient clinics (31%, n = 142), primaryecé20%, n.= 94), hospital (19%, n = 85),

community (8%, n = 34) and lastly, 3% were categgatias other settings (n = 14) including

specialised care centres, local clubs, and workplac

Population

Back pain was the most frequently investigated fphinondition with 55.5% (n = 254)

followed by knee pain with 22% (n = 101), widesgrgmin with 17% (n = 76), neck pain
with 14% (n ='65), foot or ankle pain with 8% (r88), shoulder pain with 8% (n = 34), hip
pain with 5.5% (n = 25), elbow pain with 4% (n =)2Band or wrist pain with 2% (n = 8),

and complex regional pain syndrome with 1% (n = 3).

I nterventions
The most frequently used intervention was physicéérvention with 81% (n = 372)

followed by education/advice with 20% (n = 93), phacological with 15% (n = 73),



psychological with 11% (n = 50), other (e.g., mudnal) with 4% (n = 19) and

interdisciplinary with 3% (n = 13).

Control

The most frequently used control condition was platsintervention with 73% (n = 334)
followed by placebo/sham with 61% (n = 281), edicdadvice with 34% (n = 155),
inactive with 32% (n = 145), pharmacological wittP2 (n = 96), psychological with 3% (n =

14), other (e.g., nutritional) with 2% (n = 15)dainterdisciplinary with 0.2% (n =1).

Outcomes

The most frequently reported outcome_measure was ipgensity with 97% (n = 446)
followed by physical functioning with 87% (n = 39Quality of life with 39% (n = 182),
emotional functioning with 27% (n = 124), symptomsd adverse events with 26% (n =
121), participants rating of improvement with 228¢<101), other with 15% (n = 70), work-
related with 13% (n = 64), sleep-related with 8%-(88), participant disposition with 5% (n
= 21), and economic factors with 2% (n = 9). Seécames used in individual studies

(Appendix 3).

Timing of outcomes

In terms of length of follow-up, most outcomes wegported between 0-3 months with 91%
(n = 416), followed by 3-6 months with 75% (n = 35812 months with 60% (n = 275), and
above 12 months with 28% (n = 128). See timing wicomes used in individual studies

(Appendix 3).



Quality assessment

Of the 457 reviews included, 41.4% were rated agakrlow quality (n = 188), followed by
31.7% of low quality (n = 145), 10.3% were ratednasderate quality (n = 47), and lastly
16.9% were rated as high quality (n = 77). The ncostmon reason for being downgraded
was not having a pre-registered protocol, failimg describe the sources of funding in
included reviews, and not providing a satisfactexplanation of the heterogeneity across
included reviews. A full overview of the AMSTAR-2iglity rating can be seen in Appendix

2. Distribution of the evidence quality across méntions can be seenin figure 3.

INSERT FIGURE2HERE

INSERT FIGURE 3 HERE

Discussion

This EGM with 457 unique systematic reviews foumdaaerall low quality of systematic
reviews pointing towards both synthesis gaps (avets poor quality evidence) as well as
absolute gaps (areas with little or no evidencée &bsolute gaps were most clear for long-
term outcomes (above 12 months) and non-pain telatgcomes (such as participant
disposition). The most common interventions wergspial (e.g., exercise therapy), while the

lowest number of systematic reviews investigatéerdisciplinary care programs.

Explanation of findings
During the past 20 years, research has demonstthtégdchronic MSK pain cannot be
explained simply because of tissue damage (16)pif2eghis strong shift towards a

multidimensional understanding of chronic MSK paanhigh proportion of interventions in



the included systematic reviews had a biomedicalisole.g., exercises or pharmacological
interventions), whereas multidisciplinary and psylolgical interventions had a very low
representation. This is of concern as internati@rghnisations such as The International
Association for the Study of Pain (IASP) strongtivacate for a multidisciplinary approach
to chronic pain management [14]. The interpretatidnevidence is challenged by very
heterogenous control groups, whereas in pharmaicalagals, placebo and sham groups are
traditionally used. This is important as it consrébr non-specific effects, thus providing a
better estimate of the true benefit of a drug. Hmve'in the trials using physical
interventions, the control groups were much moreerie, including other surgeries,
exercise-types, manual therapy, and various forivacwpuncture. This s a challenge when
comparing the different treatment classes includedur EGM. Most of the included
systematic reviews used short follow-up period8 (@onths), and only a small number used
long-term follow-up (+12 months). Research has Iggied that most people living with
chronic MSK pain conditions experience fluctuatamgl recurrent pain, highlighting the need
to measure the long-term effects of treatment [T 8k lack of systematic reviews including
long-term follow-up above 12 months may also be uhe challenge in retaining people in
trials for more ‘than a year, thus reducing the nemdf original trials suitable for such

analyses.

Outcomes

Unsurprisingly, pain and physical functioning wehe most used outcomes in almost all
included systematic reviews. Despite the IMMPACTecoutcome set having existed since
2003, only the minority of systematic reviews ird#d emotional functioning, participant
ratings of global improvement, symptoms, adversentsy and participant disposition.

Chronic MSK patients have high healthcare use, tomak ability, and low quality of life.



Therefore, it is surprising that only 2% of the luded systematic reviews assessed the
economic impact of the interventions being examin&d the healthcare resources are
limited, it is of the utmost importance to undemstathe cost-effectiveness of the
interventions as this is pivotal knowledge befarplementing new treatments into routine
clinical care. Similarly, it is important to unde&ed the risks associated with the
interventions being implemented. Adverse eventsri®s unexpected medical problems that
occur during treatment, but these were only repome26% of the included reviews [31].
Knowledge on adverse events is a key considergti@mnneeds to be discussed with patients
before recommending a certain management stralégy.issue was-also raised by Howick
et al. who surveyed health interventions examine@€bchrane and found that benefits were
more often reported or tested compared_to harm [AZ]highlighted by Shaheed et al., (25)
non-pharmacological interventions often lack rejpgrton adverse events which makes it
difficult to assess the ‘true’ effectiveness ofgbenterventions. Finally, Karran et al. (2020)
highlighted the association with social disparitiss lower back pain outcomes and
interventions suited to target these may improvécmues related to reducing health
inequities [17]. Therefore, it is crucial for fuaustudies within all types of interventions to
appropriately collect and report information regagd sociological factors and adverse
events. Additionally, it-is<important for futureuslies to evaluate interventions through
economic lenses using health economic evaluatiamdworks such as the Consolidated
Health Economic Evaluation Reporting Standards (ERE) [13]. The absence of reporting
other relevant outcomes in reviews neglects theipihisy of interventions being successful

within domains other than pain and physical furmatig.

Comparison with other Evidence and Gap Maps



Recently, two similar EGMs within paediatric chrorpain [4,5] demonstrated that most
systematic reviews examined the effect of psycholdgnterventions and only 15% of the
included systematic reviews tested physical intetieas [4]. In this EGM, 81% of all
interventions were physical and only 11% were peladical interventions. One might
speculate that this difference may arise from tltergnce in professions managing the
conditions; with psychologists often being involvedmanagement of children with long-
standing pain, whereas physiotherapists, surgeomsrheumatologists are more commonly
involved in treating chronic musculoskeletal painadults. In Birnie et al. (2020), one third
of the included reviews were rated high quality%g34vhereas the current study only found
16.9% of the studies included to be of high qualitglicating an overall lower quality of
systematic reviews within research in adults livivgh chronic MSK pain. One of the
explanations for the overall low quality of the @sce may be the inclusion of literature
from the past 20 years. Reviews published in thity &900’s were conducted when it was
not yet recommended to-prospectively register aystie reviews. Additionally, no sources
were available to assist the reporting such asPREMA reporting guidelines for both
protocols and final reports. These factors mayigdrt explain the varying quality of

systematic reviews within this area.

Comparison to priority setting partnerships

Involvement of stakeholders within research onrtbain conditions has increasingly gained
favour through the last decade. Stakeholder involurg can be performed in many ways,
with various degrees of involvement, and in différeteps of the research cycle. Recently,
research priorities were captured from over 1,08@pte living with chronic MSK pain, their
relatives, and healthcare practitioners [20]. Tesults highlighted the need for increased

attention towards improvement of chronic MSK paiamagement education expressed both



by the people suffering from pain and the releveedlthcare practitioners. Interestingly, 20%
of the studies in the EGM used an educational wetgion. Hence, this warrants further
investigation into the components needing moreareseto match the need for improved
knowledge on the condition. Similar priorities halveen seen in paediatric chronic pain
research and general chronic pain care [3,33].|&ast used intervention in our study was
the interdisciplinary intervention. From previousopity setting partnership studies it is
known that an increased focus on improving inteiglgiary care is warranted across both
the broad domain of chronic MSK pain, common hand arist conditions, fractures of the
lower limb, and knee arthroplasty [9,16,21]. Preglg,.a comparison between the priorities
set by the important stakeholders and the exisguglence has been conducted [4].
Hopefully, researchers within this field can beh&fom comparing the existing literature
mapped in this EGM and priority setting partnership increase the relevancy of their

research and ultimately, improve the future cargéwople living with chronic MSK pain.

Limitations

A potential limitation in this EGM is the searchradegy. For pragmatic reasons, we were
unable to tailor our search strategy to each spesife and the accompanying diagnoses
across all-musculoskeletal disorders, which maymteat we missed specific conditions.

Similarly, we.restricted our inclusion criteria toclude only systematic reviews covering

three or more RCTs and discarded citation trackiffys may have excluded systematic
reviews based on a small number of trials and pieign also other relevant systematic

reviews although it is unlikely that this would feaxhanged our overall conclusions.

Furthermore, some of the interventions may haven legorised in multiple categories

(e.g., injectional therapies), which might havduahced the distribution of the EGM. Future

EGMs might benefit from a more detailed categoiosadf interventions and control groups,



as a more detailed description would provide reseas with more guidance on where to
focus their research. Settings can be categorisidremtly across countries, thereby

influencing the categorisation of settings in ttisdy. However, most of the studies included
in the EGM did not describe the settings adequaidhgse discrepancies warrant increased
focus on aligning the description of settings asrosuntries and ensuring that future studies

describe the settings in detail.

Implications

Comparing the findings from this study with exisfipriority setting partnership studies

highlighted the limitations of traditional systemcateviews as many research questions
require alternative methods to be assessed. Fortiney considering the contrasts between
our priority setting partnership study [20] andstitGM, we suggest that future research
prioritizes mission-oriented strategies, that linktiaties and objectives between all

stakeholders and take advantage of the interplaywedas these organizations to ensure
relevant populations, interventions and outcomes iacluded [15]. Potentially, a more

patient-centred approach to how we conduct ourarekecan move our field to the better and
facilitate high-value care. Future reviews may needthink outside the traditions of

systematic reviews with-meta-analyses and turn ridsvenethods embracing complexity and
more open-scoped research questions, such as medtbds studies or realist reviews
aiming to explain what works for whom, under whatumstances, and how [18,26,27].

Finally, future studies need to adhere more totiexgsreporting guidelines in terms of

describing intervention used. Greater clarity imte of the description of the intervention

will help both researchers and clinicians in intetating the effectiveness of the respective

intervention and increase the likelihood of sucftdssplementation into clinical practice.



Conclusion

This contemporary EGM of management strategiepéople living with chronic MSK pain
emphasises the current low proportion of high-qualystematic reviews. The EGM provides
guidance to future research with knowledge on thidemce and gaps within the field of
chronic MSK pain. From this study, it was eviddmttmost of the included reviews focused
on physical interventions and pain intensity asabhtcomes for the management of chronic
MSK pain. The results from this study highlighttthare high-quality research is warranted
and that specific attention to pharmacological, chgyogical, and interdisciplinary
interventions is needed. Lastly, future researdukhconsider using-other outcomes such as
symptoms, adverse events, participant rating ofrewgment, participant disposition, and

work, sleep, and economic-related outcomes.
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Figure 1: PRISMA Flowchart. PRISMA flowchart showing the screening and selecpimcess for the systematic search with exclusion

reasons provided.
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Figure 2: Mapping interventionsfor chronic musculoskeletal pain

Evidence and gap map showing interventions formlrmusculoskeletal pain overall. Types of intetiams are listed within the rows, and
IMMPACT- outcome domains are listed in the colunifise size of the circles indicates a higher or lomenber of systematic reviews.
Number in circles indicates number of systematwengs identified. A lack of systematic reviews afyaguality results in missing circles in the

corresponding fields.
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Figure 3: Distribution of evidence quality acrossintervention categories. Distribution (%, percentage) of the evidence qualitross
intervention categories. Numbers in circles retemsumber of papers within each category withirhgatervention. Red colour indicated

critically low quality, orange colour indicates layuality, yellow colour indicates moderate qualtyd green colour indicates high quality.
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