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ORIGINAL REPORT

EFFECTIVENESS OF MULTIMODAL REHABILITATION INTERVENTIONS FOR
MANAGEMENT OF CERVICAL RADICULOPATHY IN ADULTS: AN UPDATED
SYSTEMATIC REVIEW FROM THE ONTARIO PROTOCOL FOR TRAFFIC INJURY
MANAGEMENT (OPTIMA) COLLABORATION

Fabrice MALLARD, DC, MSc'?, Jessica J. WONG, DC, MPH!?, Nadege LEMEUNIER, MSc, PhD** and

Pierre COTE, DC, PhD3#

From the 'Division of Graduate Studies, Canadian Memorial Chiropractic College (CMCC), Toronto, Ontario, Canada, Institut Franco-Européen
de Chiropraxie (IFEC), Toulouse, France, 3Institute for Disability and Rehabilitation Research (IDRR), “Faculty of Health Sciences, Ontario
Tech University, Oshawa, Ontario, Canada and *Equipe constitutive du Centre d'Epidémiologie et de Recherche en santé des POPulations
(CERPOP), Unité Mixte de Recherche (UMR) 1295, unité mixte Institut national de la santé et de la recherche médicale (INSERM) - Université

Toulouse III Paul Sabatier, Toulouse, France

Objective: To update the systematic review from
the Ontario Protocol for Traffic Injury Management
(OPTIMa) Collaboration and to evaluate the effective-
ness of multimodal rehabilitation interventions for the
management of adults with cervical radiculopathy.
Study design: Systematic review and best-evidence
synthesis.

Methods: Eligible studies (from January 2013 to
June 2020) were critically appraised using the
Scottish Intercollegiate Guidelines Network and Risk
of Bias 2.0 criteria. The certainty of the evidence was
assessed according to Grading of Recommendations
Assessment, Development, and Evaluation.

Results: Four RCTs were deemed acceptable and
1 RCT was considered low quality. In adults with
recent-onset cervical radiculopathy, multimodal
rehabilitation was associated with a trivial and non-
clinically important reduction in neck pain compared
with mechanical cervical traction; no differences in
disability were reported (1 study, 360 participants,
low certainty of the evidence). In adults with cer-
vical radiculopathy of any duration, (i) multimodal
rehabilitation may be more effective than prescri-
bed physical activity and brief cognitive-behavioural
approach; specifically, a small reduction in arm pain
and in function was found (1 study, 144 participants,
low certainty of the evidence); (ii) no difference in
pain reduction was found between multimodal reha-
bilitation interventions compared with an epidural
steroid injection (1 study, 169 participants, low
certainty of the evidence); and (iii) compared with
surgery combined with neck exercises, multimodal
rehabilitation interventions lead to similar arm pain
reduction and improvement in function (1 study, 68
participants, low certainty of the evidence).
Conclusion: The evidence suggests that some mul-
timodal rehabilitation care may provide small and
trivial reduction in neck pain or improvement in
function to patients with cervical radiculopathy.

(LAY ABSTRACT A
Cervical radiculopathy refers to neck and arm pain as-
sociated with neurological signs and symptoms. Mana-
gement of this condition involves clinical rehabilitation
as the first line of treatment. A systematic review of the
literature was performed to evaluate the effectiveness
of multimodal interventions for management of cervical
radiculopathy. This review suggests that multimodal in-
terventions that include manual therapy to the cervical
spine or neck-specific exercises, education, and a cog-
nitive behavioural approach are associated with trivial
benefits to patients with cervical radiculopathy. The re-
view also found that adding medication (gabapentin),
education, electrical stimulations, ultrasound, massage,
and exercise to epidural steroid injection leads to similar
outcomes as an epidural steroid injection alone. Finally,
the evidence suggests that multimodal rehabilitation
(exercises and education) leads to similar outcomes to
surgery combined with neck exercises, pain coping, self-

Efﬁcacy, and stress management strategies. )

Key words: cervical radiculopathy; multimodal rehabilitation;
grade III NAD; disc herniation.
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Cervical radiculopathy refers to radicular arm pain
associated with neurological signs and symptoms
including decreased deep tendon reflexes, weakness,
or sensory deficits (1). Patients with cervical radiculo-
pathy often present with high-intensity neck and arm
pain and limited functioning (2). A recent systematic
review suggests that the incidence of cervical radi-
culopathy ranges from 0.83 per 1,000 person-years
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in the general population to 1.79 per 1,000 person-
years in US military personnel (3). The same review
reported that the prevalence ranged from 0.13% in
Bombay, India to 0.35% in Sicily, Italy (3). Finally,
the incidence of cervical radiculopathy related to disc
protrusion/herniation has been estimated at 0.055 per
1,000 person-years, and to peak between the ages of
45 and 54 years (4).

Management of cervical radiculopathy involves clinical
rehabilitation as the first line of treatment (5). However,
evidence about the effectiveness and safety of most reha-
bilitation interventions is lacking. In 2008, The Bone and
Joint Decade 20002010 Task Force on Neck Pain and Its
Associated Disorders defined multimodal interventions
as a combination of single treatments, rehabilitation
programmes, or packages of care (4, 6). Their systematic
review concluded that there was no evidence that rehabi-
litation interventions led to clinically important benefits
in patients with cervical radiculopathy (6).

More recently, in 2016, the Ontario Protocol for
Traffic Injury Management (OPTIMa) Collabora-
tion recommended that clinicians consider a course
of supervised strengthening exercises and structured
patient education to manage patients with recent onset
(<3 months) cervical radiculopathy (5). The literature
search for the OPTIMa systematic review ended in
2013; an update is therefore warranted.

The objective of this systematic review is to determi-
ne the effectiveness and safety of multimodal rehabili-
tation interventions compared with other interventions,
placebo/sham interventions, or no intervention in the
management of adults with cervical radiculopathy. The
review focuses on multimodal rehabilitation because
clinical care typically involves combining more than
one type of intervention when managing patients (5).

METHODS

Registration

The review protocol was registered with the Interna-
tional Prospective Register of Systematic Reviews
(PROSPERO) on 28 August 2019 (CRD42019138058).
The review deviated from the protocol by the conduc-
tion of a sensitivity analysis to assess whether the
validity of the results was dependent on the critical
appraisal method used in the review. Therefore, we
re-evaluated the quality of all eligible randomized con-
trolled trials (RCTs) using the Cochrane Risk of Bias
Tool for Randomized Trials version 2 (RoB 2) tool (7).

Population
The review targeted studies of adults (aged > 18 years)
with cervical radiculopathy of traumatic (e.g. related to
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traffic collisions) or non-traumatic nature. Studies that
recruited surgical populations at baseline, studies of neck
pain without radiculopathy, and studies of neck pain due
to major structural pathology (e.g. fractures, disloca-
tions, spinal cord injury, or neoplasms) were excluded.

Inclusion and exclusion criteria

Eligible studies had to fulfil the following inclusion
criteria: (i) published in a peer-reviewed journal; (i)
English or French language; (7ii) RCTs, cohort studies
and case-control studies; and (iv) at least 30 partici-
pants per treatment arm for RCTs, or 100 subjects
per group for cohort studies. For RCTs, a sample size
of 30 per study group is conventionally considered
the minimum needed for non-normal distributions to
approximate the normal distribution. In cohort and
case-control studies, a sample of 100 is conventionally
considered the minimum needed to effectively control
for multiple confounding variables (8—11).

The following publications were excluded: (i) gui-
delines, letters, editorials, commentaries, unpublished
manuscripts, dissertations, government reports, books
and book chapters, conference proceedings, meeting
abstracts, lectures and addresses, consensus develop-
ment statements, guideline statements; (7i) pilot stu-
dies, cross-sectional studies, case reports, case series,
qualitative studies, non-systematic and systematic
reviews, clinical practice guidelines, biomechanical
studies, laboratory studies, studies not reporting on
methodology; and (7ii) cadaveric or animal studies;
(iv) studies that included participants with severe
injuries or pathologies (spinal cord injuries, mode-
rate and severe traumatic brain injuries, amputations,
blindness, fracture, injuries resulting in a complete
or partial joint dislocation, myelopathy, neoplasm, or
systemic disease).

Interventions

For this study, “rehabilitation” was defined according
to the World Health Organization (WHO) as a “set of
interventions designed to optimize functioning and
reduce disability in individuals with health conditions
in interaction with their environment” and “multimo-
dal rehabilitation” was defined as “an approach that
includes at least 2 different therapeutic modalities”
(12). Multimodal rehabilitation may include a com-
bination of acupuncture, education, exercise, manual
and soft-tissue therapies, passive physical modalities,
psychological interventions, and pharmacological
interventions (Appendix I). These interventions can
be provided by 1 or more healthcare provider. Stu-
dies of surgical interventions alone and studies that
investigated the effectiveness of a single intervention
were excluded.
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Comparison groups

Studies that compared multimodal rehabilitation with
other interventions (single rehabilitation interventions,
pharmacological or non-pharmacological treatments),
placebo/sham interventions, or no intervention were
eligible for the review.

Outcomes

The review focused on the following outcomes: (i)
functioning (e.g. disability, return to activities, work, or
school); (ii) self-rated recovery (e.g. global perceived
recovery); (iii) clinical outcomes (e.g. pain, health-
related quality of life); (7v) psychological outcomes
(e.g. depression, anxiety, stress); (v) administrative
outcomes (e.g. time on benefits); or (vi) adverse events.
Outcomes related to costs and cost-effectiveness were
excluded from this review.

Search strategy and information sources

The search strategy was developed with a health
sciences librarian (Appendix II). The search stra-
tegy was reviewed by a second librarian for com-
pleteness and accuracy using the Peer Review of
Electronic Search Strategies (PRESS) Checklist
(13). The following electronic databases were
systematically searched from 1 January 2013
to 22 June 2020: PubMed, MEDLINE, Embase,
Cumulative Index to Nursing and Allied Health
Literature (CINAHL), Index to Chiropractic Lite-
rature, PEDro, APA PsycInfo, SportDiscus, and the
Cochrane Central Register of Controlled Trials.
Databases were searched from 1 January 2013,
because the literature search for the systematic
review by the OPTIMa Collaboration ended on 16
May 2013. The search strategy was first developed
in MEDLINE and subsequently adapted to the
other databases. The search terms included subject
headings (e.g. MeSH in MEDLINE) and free-text
words relevant to cervical radiculopathy and Neck
Associated Disorders grade III. For feasibility
reasons, grey literature was not searched.

Study selection

A 2-phase screening process was used to select
eligible studies. In phase 1, pairs of independent
reviewers screened titles and abstracts to determine
eligibility. Studies were classified as relevant, pos-
sibly relevant, or irrelevant. In phase 2, the same
reviewers independently reviewed manuscripts of
possibly relevant studies to make a final determination
of eligibility. Reviewers met to resolve disagreements
and reach consensus in both phases. Disagreements
were resolved by a third reviewer (PC).
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Assessment of risk of bias

Two independent reviewers (FM and NL) critically
appraised the internal validity of eligible studies
using the Scottish Intercollegiate Guidelines Net-
work (SIGN) criteria for RCTs, cohort studies and
case-control studies (14). Reviewers were trained in
the evaluation of studies using the SIGN criteria. The
SIGN criteria assist with evaluation of the impact of
selection bias, information bias, and confounding on
the results of a study. Specifically, the following metho-
dological aspects of an RCT were critically appraised:
(i) clarity of the research question; (ii) randomization
method; (7i7) concealment of treatment allocation; (iv)
blinding of patient/treatment provider and of outcome
assessor or data analyst (modification from the SIGN
criteria); (v) similarity of baseline characteristics bet-
ween treatment arms; (vi) co-intervention/contamina-
tion; (vii) validity and reliability of outcome measures;
(viii) attrition; (ix) intention to treat analysis; and (x)
comparability of results across study sites (where
applicable) (Appendix III).

Consensus between reviewers was reached through
discussion. An independent third reviewer was inclu-
ded to resolve disagreements if consensus could not
be reached (PC).

Studies were rated as high, acceptable, or low quality
using the SIGN criteria. In the sensitivity analysis, stu-
dies were also rated as high risk of bias, some concern,
or low risk of bias according to the RoB 2 tool (7).

Data extraction

The data extraction process involved 2 steps. First,
the lead author (FM) extracted data from accepta-
ble studies to build evidence tables. Data extracted
included author, year, country; subject and setting;
description of interventions; description of compari-
sons; follow-up period; outcome measures; and key
findings including: (i) summary statistics for each
group (where appropriate) and, (i7) an effect estimate
and its precision (e.g. 95% confidence interval; 95%
CI). Secondly, 2 reviewers (NL and JW) independently
checked the accuracy of the extracted data by referring
to the original studies.

Heterogeneity of RCTs

The study assessed the clinical heterogeneity of eli-
gible RCTs by comparing the characteristics of their
samples, interventions, comparators, and outcomes.

Data synthesis

Evidence from acceptable studies was synthesized
according to the Synthesis without Meta-Analysis
(SWiM) Guideline (Appendix 1V) and reported in
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evidence tables (15). Standardized cut-off values were
used to determine if clinically important changes were
reached in each study for common outcome measu-
res. These include a mean difference of 2/10 on the
numerical rating scale (NRS) (16), 10/100 mm on the
visual analogue scale (VAS) for neck pain and arm pain
change (16), 7/50 on the Neck Disability Index (NDI)
(17), 9/24 for the physical subscale of Fear Avoidance
Belief Questionnaire (FABQ) and 12/42 for the work
subscale of FABQ (18,19), and 1.5/21 points for the
Hospital Anxiety and Depression Scale (HADS) (20).
Accordingly, the effectiveness of interventions was
reported as: (i) superior (associated with a clinically
important change compared with its comparator), (i)
equivalent (no clinically important differences between
groups), and (iii) inferior (associated with worse out-
comes than its comparator). Results were interpreted
by considering the direction, magnitude, and precision
of effect estimates across studies, impact of risk of bias
in sensitivity analyses, and generalizability of findings.

The synthesis was stratified according to duration of
the disorder (i.e. recent (<3 months), any (mixed dura-
tion), or persistent (>3 months)) and by intervention
type. The mean number of visits for each category was
computed to estimate the frequency of care related to
groups with superior vs inferior outcomes.

Sensitivity analysis

A post-hoc sensitivity analysis was conducted to assess
the potential impact of the method used to assess for risk
of bias on the results of the review. Specifically, all eli-
gible studies were critically appraised using RoB 2 (7).

Assessment of evidence

The certainty of the evidence was assessed according
to Grading of Recommendations Assessment, Deve-
lopment, and Evaluation (GRADE) and reported as
high, moderate, low, or very low (21). Each outcome
is assessed separately and can be downgraded for each
ofrisk of bias, imprecision, inconsistency, indirectness,
and publication bias (21).

Statistical analyses

Agreements among reviewers for the screening of
articles were computed and the kappa coefficient
(x) reported (22, 23). The percentage agreement was
calculated for classifying studies into high quality,
acceptable or low quality following independent criti-
cal appraisal. The mean difference (difference in mean
change between groups) was computed and its 95% CI
to quantify effect sizes, where applicable. Computa-
tion of the 95% CI for the difference in mean change
assumed that the pre- and post-intervention outcomes
were correlated (r=0.8) (24, 25).
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We considered conducting a random effect meta-
analysis if the RCTs were homogeneous. Specifically,
a random effects meta-analysis would be conducted
using the effect estimate (e.g. mean differences for
continuous data, odds ratio, or risk ratio for dichoto-
mous data) when at least 2 studies were deemed ho-
mogeneous. However, due to the clinical heterogeneity
of the studies, no meta-analysis was performed (25).

Reporting

This review complies with the Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
statement (Appendix V) (26).

RESULTS

Study selection

Atotal of 3,306 articles were retrieved and 589 duplica-
tes excluded. Titles and abstracts of 2,717 articles were
screened for eligibility and 76 articles were screened
in full text (Figure I). During full-text screening, 63
citations were excluded due to ineligible study design
or publication type (39 citations) (27—65), sample size
(9 citations) (66—74), language (10 citations) (75-84),
population (3 citations) (85—87), or intervention
(2 citations) (88—89) (Appendix VI).

In addition to using the SIGN checklist for risk of
bias assessment, a sensitivity analysis was conducted,
in which the included studies were appraised using
RoB 2 (7). Using the RoB 2 tool, 1 RCT was deemed to
be at high risk of bias (95) (with companion documents
(95-102)) and was excluded from the synthesis. Four
articles were considered acceptable (90-93) and were
included in the synthesis.

The inter-rater agreement for screening of articles
was k=0.91 (95% CI 0.9-1.0). The agreement for
classifying studies into high-quality, acceptable and
low-quality was 86%. The third reviewer was not
needed to reach consensus.

Study characteristics

All acceptable studies were RCTs (90-93). One trial
investigated recent cervical radiculopathy (91) and
3 targeted cervical radiculopathy of mixed duration
(90, 92, 93). No studies focused on persistent cervical
radiculopathy.

The multimodal rehabilitation programmes incor-
porated a range of interventions including education,
exercise, Shi-style cervical manipulations, traction,
acupressure, prescribed medication, and corticosteroid
injection (Table I). The most investigated interventions
were exercise (3/4 studies), education (3/4 studies),
manipulation (2/4 studies) and soft tissue therapy (2/4

J Rehabil Med 54, 2022
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Citations retrieved from
search (n = 3,306)

———

v

Duplicate articles
(n=1589)

Titles and abstracts
screened for eligibility

(n=2,717)
Titles and abstracts
——»| noteligible (n = 2,649)
A N
Other articles from Potentially relevant - —
supplemental search* articles retrieved in Full text articles not eligible
(n=28) full text (n = 76) (n=163)

A 4

Studies eligible for critical
appraisal in full text: 5
RCTs reported in

- Ineligible study design: 24

- Sample size too small: 9

- Not French or English
Languages: 10

- Ineligible population: 3

- Ineligible intervention: 2

- Ineligible publication type: 15

13 articles (n=5)

*Companion documents
to relevant studies

v

y

Low quality RCT
(n=1)

Figure I. Identification and selection

Acceptable RCT
(n=4)

studies). The interventions were delivered by physioth-
erapists and physicians.

Risk of bias assessment
All acceptable studies used clear research questions,
valid and reliable outcome measures, and achieved
similarity at baseline across groups (Table II). Most
studies adequately fulfilled the following criteria:
reported method of randomization (3/4), proper allo-
cation concealment (3/4), and reported an intention to
treat analysis (3/4).

The follow-up rate was above 75% in all acceptable
studies (90-94). Blinding of participants and treatment
providers could not be done in any of the RCTs due to

of articles on the effectiveness of
conservative interventions in adults with
cervical radiculopathy. RCT: randomized
controlled trial.

the nature of the rehabilitation interventions (90-93).
All studies used self-reported outcome measures
(90-93).

One study was low quality (94) and was excluded
from the evidence synthesis because of important
methodological limitations: (i) differences between
groups at baseline; (ii) deviations from the intended
interventions; (7if) missing outcome data; and (iv)
unreported reasons for loss to follow-up.

Sensitivity analysis

The sensitivity analysis suggests that the results of this
review were not impacted by the use of the SIGN tool
to critically appraise studies. Using RoB 2 (Table I1I),

Table I. Combinations of interventions in multimodal care reported in acceptable randomized controlled trials

Cognitive/ Soft-
Author, Treatment Number Treatment behavioural Electrical tissue
year provider of visits period Education approach stimulation Exercise Manipulation Mobilization therapy Medication Injection
Cohen et al.MD Variable Variable Y Y Y Y Y Y Y
2014 (90)
Cui et al. PT, MD 12 2 weeks Y Y Y
2017 (91)
Dedering PT 36 3 months Y Y Y
et al. 2018
(92)
Engquist PT, MD 24 3 months Y Y
et al. 2013
(93)

MD: medical doctor; PT: physiotherapist; Y: yes

J Rehabil Med 54, 2022
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Table IV. Summary of findings of primary outcomes and quality assessment

p. 8 of 19

Number of Control
Study participants Intervention intervention

Primary
outcomes

Summary statistics
Effect between group difference for
primary outcomes (95% CI)

Level of
certainty (15) down-rating

Reasons for

Cohen 169
et al. treatment
2014, (90) (CTT)

Conservative Epidural steroid Arm pain intensity
injection (ESI) (NRS)
Combination

therapy (CTY)

Neck pain intensity

(NRS)

Disability (NDI)

Cuietal. 360

2017 (91) Shi-style

cervical
manipulation

Mechanical
cervical traction

Disability (NDI)

Dedering 144 Neck-specific  Prescribed Mean arm pain

et al. 2018 training + physical activity intensity (VAS 100
(92) Cognitive + Cognitive mm)
behavioural behavioural
approach approach
Mean neck pain
intensity (VAS 100
mm)
Enquist 68 Surgical group Non-surgical Disability (NDI
et al. 2013 group: 0-100)
(93) Physiotherapy

alone. - .
Arm pain intensity

(VAS scale 0-100)

Neck pain intensity

(VAS scale 0-100)

CTT-ESI Low
At 1 month 0.2/100 (-0.7 to 1.1)

At 3 months -0.43/100 (-1.0 to 0.2)

ESI-CTY

At 1 month -1.1/100 (-2.2 to 0), p=0.045

At 3 months -0.86/100 (-1.4 to -0.3) ¥

CTT-CTY

At 1 month -1.2/100 (-2.3 to -0.1), p=0.027

At 3 months -1.29/100 (-1.9 to -0.7) ¥

CTT-ESI Low
At 1 month -0.1/100 (-1.0 to 0.8)

At 3 months -0.84/100 (-1.5 to 0.2)

ESI-CTY

At 1 month -1.1/100 (-2.2 to 0.0), p=0.054

At 3 months -0.01/100 (-0.8 to 0.7)

CTT-CTY

At 1 month -1.1/100 (-2.2 to 0.0), p=0.056

At 3 months -0.85/100 (-1.5 to -0.1)

CTT-ESI Low
At 1 month -1.2/100 (-6.1 to 3.6)

ESI-CTY

At 1 month -5.5/100 (-11.0 to 0.1), p=0.055
CTT-CTY

At 1 month -3.6/100 (-8.3 to 1.1), p=0.130

At 2 weeks Low
NDI: 1.51/50 (0.7 to 2.3)

At 4 weeks

NDI: 1.59/50 (0.8 to 2.4)

At 12 weeks

NDI: 1.67/50 (0.9 to 2.4)

At 24 weeks

NDI: 1.37/50 (0.6 to 2.1)

At 3 months 9/100 (2.8 to 15.2) Low
At 6 months 12/100 (5.9 to 18.1)
At 12 months 7/100 (0.9 to 13.1)
At 24 months 11/100 (5.1 t016.9)

At 3 months 4/100 (-1.6 to 9.6) Low
At 6 months 7/100 (1.3 to 12.6)

At 12 months 6/100 (0.4 to 11.6)

At 24 months 4/100 (-1.4 to 9.4)

At 6 months 4.4/100 (-4.4 to 13.2) Low
At 12 months 6.8/100 (-3.8 to 17.4)

At 24 months 2.7/100 ( -9.6 to 15.0)

At 6 months 5.1/100 (-15.0 to 25.2) Low
At 12 months 4.8/100 (-16.7 to 26.3)

At 24 months -2.4/100 (-27.6 to 22.8)

At 6 months 15.6/100 (-3.4 to 34.6) Low
At 12 months 18.3/100 (-2.0 to 38.6)

At 24 months 14.6/100 (-7.5 to 36.7)

Risk of bias
Imprecision

Risk of bias
Imprecision

Risk of bias
Imprecision

Risk of bias
Imprecision

Risk of bias
Imprecision

Risk of bias
Imprecision

Risk of bias
Imprecision

Risk of bias
Imprecision

Risk of bias
Imprecision

VAS: visual analogue scale; NRS: numerical rating scale; NDI: Neck Disability Index; ¥: calculated by current review authors.

it was found that the 4 studies had “some concerns”
(90-93), but they were nevertheless considered to be
of acceptable quality. Therefore, our overall evidence
synthesis did not change.

Assessment of evidence
The certainty of the evidence was rated as “low” regar-
ding primary outcomes (neck and arm pain; disability)

with downgrading due to issues with risk of bias in the

studies and imprecision (Table V).

Summary of evidence

Recent-onset cervical radiculopathy: Multimodal
rehabilitation interventions that include Shi-style
cervical manipulations. Evidence from 1 RCT (91)
suggests that a multimodal rehabilitation programme
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that includes Shi-style cervical manipulations leads
to similar outcomes to that of mechanical cervical
traction in reducing neck pain intensity in adults with
recent cervical radiculopathy. The trial compared a
combination of soothing tendon step, osteopathic step,
and dredging collateral step, performed by trained
physiotherapists or physicians, with traction alone.
Both groups received 6 sessions over 2 weeks. A tri-
vial and clinically non-important between-group dif-
ferences in neck pain intensity (measured using VAS)
favouring multimodal rehabilitation interventions at 2
weeks (MD 4.9/100, 95% CI 3.1 to 6.7); 4 weeks (MD
4.9/100, 95% CI 3.1 to 6.7); 12 weeks (MD 4.4/100,
95% CI 2.5 to 6.3) and 24 weeks (MD 3.7/100, 95%
CI 1.8 to 5.5) was identified. However, there were
no clinically important between-group differences in
disability at any follow-up point.

Cervical radiculopathy of mixed duration: Multimo-
dal rehabilitation interventions combining exercises,
education, and cognitive behavioural programme.
Evidence from 1 RCT (92) suggests that multimodal
rehabilitation that combines neck-specific exercises,
education, and a cognitive behavioural programme
(treatment group) is superior to combined prescribed
physical activity with brief cognitive behavioural
approach (comparison group) in improving pain,
disability, anxiety, and depression in adults with
cervical radiculopathy of any duration (Table V).
91% of participants had chronic (>3 months dura-
tion) neck pain in the treatment group and 89% in
the comparison group.

In this trial, participants were randomized to: (i)
neck-specific training (neck isometric movement,
muscle activation, low-load endurance training) and
cognitive behavioural approach (3 sessions per week
over 3 months); or (ii) prescribed physical activity
(aerobic and/or muscular physical activity, at least 30
min, 3 days per week over 3 months) and 1 session
of a cognitive behavioural approach. Compared with
the comparison group, those in the treatment group
reported trivial and non-clinically important impro-
vements in neck pain (VAS) at the 6-month (MD
7.0/100, 95% CI 1.3 to 12.6) and 24-month follow-up
(MD 4.0/100, 95% CI —1.4 to 9.4). Moreover, the
treatment group reported small reductions in arm pain
intensity at 6-month (MD 12.0/100, 95% CI 5.9 to
18.1) and 24-month follow-up (MD 11.0/100, 95% CI
5.1 to 16.9). Participants in the treatment group also
reported clinically important improvement in disability
at 24-months follow-up (MD 8.0/100, 95% CI 3.1 to
12.9). Finally, those allocated to the treatment group
reported small and clinically important changes in
anxiety (HADS) (MD 2.0/21, 95% CI 1.0 to 3.0) and
depression (HADS) (MD 2.0/21, 95% CI 0.9 to 3.1)
at the 24-month follow-up. There were no statistically
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clinically important between-group differences in
quality of life or fear avoidance at the 3, 6, 12 and 24
month follow-ups.

Cervical radiculopathy of mixed duration: Multimo-
dal rehabilitation interventions combining exercises
and education. Evidence from 1 RCT (93) suggests
that multimodal rehabilitation care that combines
exercises and education lead to similar outcomes as a
combination of surgery and postoperative multimodal
rehabilitation interventions in adults with cervical
radiculopathy of any duration (Table V). These mul-
timodal rehabilitation interventions include a 3-step
programme: (i) neck-specific exercises and pain relief
procedures, (ii) general exercises, (iii) pain coping,
self-efficacy, and stress management. The mean dura-
tion of neck and arm pain is respectively 15 (SD 12)
and 13 (SD 10) months for the surgical group; 21 (SD
19), and 17 (SD 16) months for the non-surgical group.

In this RCT, surgery consisted of anterior cervical
decompression and fusion and combined with post-
operative education, exercises, procedures for pain
relief, pain coping and stress management strategies.
The authors reported that the surgical group may have
experienced clinically important reduction in neck
pain (VAS) at the 6 (MD 15.6/100, 95% CI —3.4 to
34.6), 12 (MD 18.3/100, 95% CI -2.0 to 38.6), and
24-month follow-up (MD 14.6/100, 95% CI 7.5 to
36.7). However, these mean differences are imprecise
with the inclusion of the null value within the confi-
dence intervals. There were no clinically important
differences between groups in disability or arm pain
intensity at any follow-up.

Cervical radiculopathy of mixed duration: Multi-
modal rehabilitation interventions that combine phar-
macological and non-pharmacological treatments.
Evidence from 1 RCT (90) suggests that multimodal
rehabilitation combining pharmacological and non-
pharmacological treatments (with or without epidural
steroid injection) leads to similar outcomes as epidural
steroid injection alone in adults with cervical radiculo-
pathy of any duration (Table V). The mean duration of
painis 1 year in the multimodal rehabilitation interven-
tion group, 0.8 years in the epidural steroid injection
group, and 0.7 years in the combination therapy group.

In this RCT, multimodal rehabilitation included
education, electrical stimulation, ultrasound, massage,
exercise, and pharmacotherapy (as indicated according
to standard practice). Participants in the multimodal
rehabilitation group could also receive 1 or more inter-
laminar epidural steroid injection. The authors reported
no clinically important between-group differences in
neck pain intensity, arm pain intensity and disability at
the 1, 3 and 6-month follow-ups. Moreover, medication
reduction and positive global perceived effect of the
treatment were similar between groups.
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Adverse events

Three of the 4 acceptable studies reported adverse
events (Table V) (90, 91, 93). No severe adverse events
were reported in any of these studies. In the trial by
Cui et al. dizziness and nausea occurred in 1 patient
who received multimodal rehabilitation that included
manual therapy (91). Cohen et al. reported minor
adverse events for patients who received medication
(90). Seventy -five percent of individuals experienced
an adverse effect with nortriptyline, 45.4% with gaba-
pentin, and 64.3% with combination medical manage-
ment (90). The most frequently reported minor events
secondary to medication were fatigue (27.3%), dry
mouth (18%) and cognitive symptoms (13.3%) (90).
Engquist et al., reported no complications related to
surgery (93).

DISCUSSION

The evidence on multimodal rehabilitation for adults
with cervical radiculopathy has progressed slowly
since the publication of the OPTIMa clinical prac-
tice guideline in 2016 (103). This current update
identified 4 recent acceptable RCTs published since
2013. Overall, these new trials provide much needed
evidence to inform the management of patients with
cervical radiculopathy. One of these RCTs investigated
the effectiveness of multimodal rehabilitation for the
management of patients with recent-onset cervical
radiculopathy and three included patients with varying
duration of symptoms. However, we still lack clear
knowledge to inform the evidence-based rehabilitation
of persistent cervical radiculopathy.

Update of the findings from the OPTIMa
Collaboration

In 2016, the OPTIMa Collaboration recommended that
clinicians may consider treating patients with recent
onset (<3 months) with supervised graded strengthe-
ning exercise in combination with structured patient
education (103). Moreover, OPTIMa recommended
that cervical collars, traction, and low-level laser
therapies should not be used to manage recent-onset
cervical radiculopathy. The new evidence identified in
our systematic review advances our knowledge on the
effectiveness of multimodal rehabilitation care for the
management of cervical radiculopathy. This systematic
review identified 4 RCTs of multimodal interventions
that may offer small benefits to patients with cervical
radiculopathy. These multimodal interventions are
heterogeneous and included combinations of: (i)
cervical manipulation or mobilization, and soft-tissue
therapy; or (ii) neck-specific exercises, education,
and a cognitive behavioural approach. Based on our

systematic review findings, specific multimodal reha-
bilitation programmes may offer small, but clinically
meaningful, benefits to patients.

We also identified 3 RCTs that investigated parti-
cipants with heterogeneous durations of symptoms.
These studies suggest that patients with cervical radi-
culopathy may benefit from a rehabilitation programme
that combines neck-specific exercises, education, and
a cognitive behavioural programme (91, 92). However,
we found no convincing evidence that cervical fusion
and post-operative rehabilitation was superior to a step-
ped multimodal rehabilitation programme that includes
neck-specific exercises and pain relief procedures,
general exercises, and pain coping, self-efficacy and
stress management strategies (93) Finally, we found
no evidence that a multimodal rehabilitation included
education, electrical stimulation, ultrasound, massage,
exercise, and pharmacotherapy and an epidural injec-
tion (if indicated) was superior to an epidural injection
alone (90).

Considering evidence on the effectiveness and safety
of these multimodal rehabilitation programmes, clini-
cians and patients are left with few evidence-based tre-
atments for cervical radiculopathy. Therefore, shared
decision-making should occur between the clinician
and patient that considers the patient’s preferences
and values towards each multimodal rehabilitation
intervention.

Other systematic reviews
The results of this systematic review agree with pre-
vious reviews (104—106). In their review, Boyles et al.
(104) reported that using manual therapy techniques
(including cervical and thoracic manipulation and
mobilization, neural dynamic techniques, and soft-
tissue therapy) in conjunction with therapeutic exer-
cise is effective in improving pain and disability for
cervical radiculopathy. Zronek et al. (105) reported
that strength-based exercises when used alone or in
combination with another treatment lead to a reduction
of pain related to neck pain. Finally, Salt et al. (106)
reported that, for cervicobrachial pain: (i) behavioural
therapy improved pain in the long-term compared with
“usual care”; and (ii) that the combination of manual
therapy and exercise seems to be beneficial in reducing
pain, but without statistical significance. However, it
is important to note that those previous reviews had
methodological limitations regarding the inclusion of
high risk of bias studies in their summary of evidence
section (104—106), some non-suitable study design of
the included articles (104) and the absence of using
SIGN criteria or RoB 2 for critical appraisal (104—106).
None of the acceptable RCTs identified in this
systematic review were captured in these previous
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reviews because their literature searches ended in
2013 or earlier.

Clinical implications

This study found that the multimodal rehabilitation
interventions associated with statistically significant
benefits often included different combinations of
exercise, education, and a cognitive-behavioural
approach (90, 92, 93). Neck pain is a complex con-
dition associated with physical and psychological
symptoms that can impact functioning, including
activity limitations and work absenteeism (34-36,
107-109). Conceptually, rehabilitation may include
different interventions that aim to improve functio-
ning by using a biopsychosocial approach to the
management of cervical radiculopathy. However,
evaluating the effectiveness of rehabilitation inter-
ventions of care is challenging when conducting a
systematic review of the literature, because the inter-
ventions often include heterogeneous combinations
of different interventions. Nonetheless, clinicians
are likely to combine interventions in clinical prac-
tice, and studying rehabilitation care offers greater
insight to inform evidence-based management of
cervical radiculopathy (37-40, 110-113). Future
studies examining rehabilitation should consider a
biopsychosocial model to inform the selection of
intervention components, as well as incorporating
interventions that have demonstrated effectiveness
on their own.

It is important to note that the included studies had
trivial and non-clinically important or clinically im-
portant, but small, effect sizes favouring multimodal
rehabilitation interventions. It is possible that the
placebo effect is higher in multimodal rehabilita-
tion interventions that include a high frequency of
treatment visits with healthcare providers. However,
in the current systematic review, the mean treatment
frequency across treatment arms with superior vs in-
ferior outcomes was the same (i.e. 24 treatments over
7 weeks). More research is needed to assess optimal
dose related to multimodal treatment outcomes. In
addition, a potential reason for the small reported
effects may be poor implementation of a reasonable
treatment, such as poor adherence to the treatment
by the patient (114). For example, education aims to
improve knowledge and behaviour, exercises should
be completed regularly by patients, and cognitive be-
havioural treatment aims to change negative patterns
of thought and alter unwanted behaviours. None of
the studies included in the current review assessed
changes in thought, behaviour, or adherence/perfor-
mance of exercises as intermediate outcomes. Poor
adherence or implementation of these intervention

components of multimodal care may contribute to
the reported small effects.

Strengths and limitations

This review has a number of strengths. First, we deve-
loped a sensitive and rigorous search strategy that was
peer-reviewed by a second librarian using the PRESS
Checklist and searched 9 databases (13). Secondly, we
defined explicit inclusion and exclusion criteria to identify
relevant citations from the searched literature. Thirdly, we
used 2 independent reviewers for screening and critical
appraisal to minimize error and bias. Fourthly, we used a
well-accepted and valid set of criteria for critical appraisal
using the SIGN criteria (14). Finally, we tested the vali-
dity of the results by conducting a sensitivity analysis to
determine whether the findings were dependent on the
method used to assess risk of bias.

This review also has a number of limitations. First,
critical appraisal requires scientific judgment that
may vary among reviewers. This potential bias was
minimized by training reviewers to use a standardized
critical appraisal tool, and by using a consensus pro-
cess among reviewers to reach decisions. In addition
to using the SIGN checklist in our risk of bias assess-
ment, a sensitivity analysis was conducted in which
we appraised the included studies using RoB 2 (7).
Using the SIGN criteria and RoB 2, it was deemed that
the trial by Ludvigsson et al. (94) had a high risk of
bias, and thus it was excluded from the evidence syn-
thesis. Secondly, the study did not assess for potential
publication bias. Thirdly, for feasibility reasons, the
study did not search grey literature. However, the
review used a comprehensive search of 9 databases
that were peer-reviewed, using the PRESS Checklist
for completeness and accuracy (13). Finally, due to
feasibility, the review only included studies published
in English and French. However, systematic bias is
unlikely when using language restrictions to conduct
systematic reviews in conventional medicine (115).

CONCLUSION

The best available evidence suggests that some
multimodal rehabilitation care may provide small
and trivial reduction in neck pain or improvement
in function to patients with cervical radiculopathy.
However, most of these effects are not clinically im-
portant. This review cannot identify which specific
interventions included in these multimodal program-
mes of care provide benefits to patients. Further
research, using RCTs, are needed to determine the
therapeutic modalities that should be included in an
effective programme of multimodal rehabilitation for
cervical radiculopathy.
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