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Abstract

Objective: To review the use (dosage parameters and combination with other therapeutic
interventions) of cervical extensor muscle exercises and their effect on pain, disability (primary
outcomes), range of motion, endurance and strength (secondary outcomes) in people with neck pain.

Data sources: An extensive literature search was conducted through MEDLINE (Ovid), Scopus (Elsevier)
and Physiotherapy Evidence Database (PEDro) up to May 2023. The reference lists of all included
studies and relevant reviews were screened for additional studies.

Review methods: Randomised controlled trials reporting the use of cervical extensor muscle exercises
(alone or combined) applied to adults with idiopathic or traumatic neck pain were included. Study
selection, data extraction and critical appraisal (PEDro assessment scale) were performed by two
blinded reviewers. Data extraction included dosage parameters, other modalities combined with these
exercises and outcomes.

Results: Thirty-five randomised controlled trails (eight of which were complementary analyses) with
2409 participants fulfilled the inclusion criteria. Twenty-six were of moderate to high quality. In most
studies, cervical extensor muscle exercises were combined with various other therapeutic modalities
and applied at different dosages. Only two studies (one high and one low quality) specifically assessed
their effectiveness. The high-quality study showed significant improvements in neck pain and disability,
pressure point threshold and neck mobility after both low load and high load training for 6 weeks.

Conclusion: The results suggest cervical extensor muscle exercises may reduce neck pain and disability;
however firm conclusions cannot be drawn because of the few studies that addressed this question
and the heterogeneity of the dosage parameters.
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Introduction

Neck pain is one of the most common musculoskeletal conditions worldwide. It is associated with a
high socio-economic burden in terms of diagnosis, management and work disability.* In 2015, low
back pain and neck pain were ranked as the fourth leading causes of disability-adjusted life years
globally, just after ischaemic heart disease, cerebrovascular disease and lower respiratory tract

2,5

infection.* The high recurrence rate of neck pain®> could result from motor and proprioceptive®

impairments that are induced by the pain episode and are not automatically restored.”

Altered activity of the cervical flexor muscles is well known to be associated with neck-related
disability.® Recently, several studies found that the cervical extensor muscles could also be impaired in
people with neck pain. The changes reported include delayed onset®!° and offset time,*! higher levels

13 reduced spatial

of antagonist muscle activity,*? altered directional specificity of muscle activity,
redistribution of muscle activity'* and changes in inter-muscular recruitment.'® Although changes in
muscle activity depend on the individual,®® the activity of the deepest cervical extensor muscles
(semispinalis cervicis and multifidus) is commonly reduced, whereas more superficial extensor
muscles, such as the splenius capitis, tend to become overactive.'®!” These muscle activity changes are
sometimes associated with a decrease in strength'®*° or endurance?® of the cervical extensor muscles
and can result in morphological changes, such as alterations in cross-sectional area?! and fatty

infiltration,?*~>* especially in individuals with chronic whiplash-associated disorders.

Exercise therapy has been considered as a useful tool for neck pain rehabilitation for many years
now,?5? and it is indicated as a crucial component of the treatment of subacute and chronic neck pain
in clinical practice guidelines.?® Guidelines currently recommend an individualised and progressive
programme of cervico-thoracic exercises targeting the different neck muscles, as well as the scapula-
thoracic and shoulder muscles.?! Following some reports that low load exercises that specifically target

3233 gpecific exercises for

cervical extensor muscle impairments effectively reduce these impairments,
the deep cervical extensor muscles®#*® and global exercises for the cervical extensor muscles have
been developed and progressively integrated into neck pain rehabilitation programmes. Nevertheless,
a recent Delphi study concluded that guidance on optimal exercise or dosage variables is lacking.3® To
our knowledge, the content and effectiveness of rehabilitation programmes that include cervical

extensor muscle exercises have not been systematically reviewed.

The aim of this study was to review the use (dosage parameters and their combination with other
therapeutic interventions) of cervical extensor muscle exercises and their effect on pain and disability
(primary outcomes), and range of motion, endurance and strength (secondary outcomes) in people
with neck pain.

Methods

This review was conducted according to a registered protocol (PROSPERO: CRD42020153242) that was
updated in August 2022 and reported in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) guidelines.?”
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Studies were included if (a) the groups of interest were composed of adults (i.e. at least 18 years old)
with non-specific neck pain or whiplash-associated disorders, (b) the experimental group performed
at least one active cervical extensor muscle exercise for at least 60 s, (c) at least one of the following
outcomes was measured: pain intensity, disability, cervical range of motion, endurance and/or
strength of the neck extensor muscles, (d) the study was a randomised controlled trial and (e) the
article was written in English or French.

An extensive literature search was conducted through MEDLINE (Ovid), Scopus (Elsevier) and
Physiotherapy Evidence Database (PEDro) up to 23 May 2023. The search strategies used for MEDLINE
and Scopus were developed in collaboration with an expert in systematic reviews, using a combination
of MeSH terms and free terms, which are listed in Appendix 1. The PEDro database was searched by
combining the keyword ‘neck extensor’ with the following filters: ‘head or neck’ and ‘clinical trial’. In
addition, the reference lists of all included studies and of all relevant reviews were screened for
additional studies.

Following the search, all identified citations were collated and uploaded into Microsoft Excel and
duplicates were removed. Then, titles and abstracts were screened by two independent reviewers (DC
and SG) who determined if they fulfilled the inclusion criteria for the review. The full texts of potentially
eligible studies were retrieved and screened by the same two reviewers. Full text studies that did not
meet the inclusion criteria were excluded (Appendix 2). Any disagreements that arose between the
reviewers were resolved through discussion or with a third reviewer (CD).

Data extraction was performed by DC and SG. The data extracted included specific details about the
participants, intervention descriptions, follow-up duration and outcomes of significance to the review
objective. Any disagreements that arose between the reviewers were resolved through discussion or
with the same third reviewer. If required, the authors of the articles included were contacted to
request missing or additional data.

Selected articles were critically appraised by two independent reviewers (DC and SG) for
methodological quality using the PEDro scale (http://www.pedro.fhs.usyd.edu.au). Any disagreement
or ambiguous issues were resolved through discussion between DC and SG or with a third reviewer
(CD).

The PEDro scale is a multi-item scale that consists of 11 items that address various aspects of the study
methodology. A PEDro score from 0 to 10 is obtained by summing the item scores (item 1 is not
scored); therefore higher scores indicate greater methodological quality. The scale is valid and
sufficiently reliable for the assessment of methodological quality of randomised controlled trials.3%3°
Trials were considered high quality if they scored 6 or higher on the PEDro scale.*

Data and the results of the selected studies were collected and analysed according to the review aim.
We reported details of cervical extensor muscle exercise dosage parameters (such as duration,
intensity, progression, specificity and level of supervision) and the association of other modalities (e.g.
manual therapy and cognitive approaches). Regarding exercise intensity, we considered ‘low load’
exercises as those that aimed to increase control, activity and coordination of specific (mostly deep)
muscles and to reduce the imbalance between deep and superficial muscles using submaximal (<50%
maximal voluntary contraction) and painless contractions. We considered ‘high load’ as any exercises
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that recruited most of the synergist muscles (deep and superficial) with the aim to increase strength
and/or endurance and that involved submaximal to maximal contractions (>50% maximal voluntary
contraction). Cervical extensor muscle exercises were considered as being ‘progressive’ when methods
(i.e. duration, resistance or repetitions) were used to increase the load of the exercises during the
rehabilitation programme.

For clarity, we classified the studies into five arbitrary categories, according to whether the cervical
extensor muscle exercises were the only therapeutic intervention, if they were combined with other
neck or shoulder girdle muscle exercises or if they were supplemented or not with any passive
interventions. The primary outcomes investigated in this review were neck disability and neck pain
intensity at different time points; other outcomes such as muscle activity, cervical range of motion,
cervical extensor muscle endurance, strength or activity were also sought and reported. For each
outcome, we reported the baseline, short- and long-term follow-up values for each intervention group.
We also reported within-group and between-group differences at each time point. Where appropriate,
the results are presented in tables.

Results

Figure 1 represents the study flow diagram. The electronic database search yielded 3419 citations
(1102 from MEDLINE, 2301 from Scopus and 16 from PEDro), and 28 were found through other
resources, leading to a total of 3447 references. After removing duplicate records (n = 906), and
screening titles and abstracts, 89 articles remained. Of these, 35 fulfilled the inclusion criteria, including
27 randomised controlled trials and eight reports about follow-up or complementary analyses of these
27 randomised controlled trials. The list of the 54 excluded studies and reasons for exclusion can be
found in Appendix 2.

Figure 1. PRISMA flow diagram showing the study selection process.
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Table 1. Modalities of cervical extensor muscle exercises.

PEDro CEM exercise Rx Number of Session Home exercises

Study score characteristics duration supervised duration TRT (frequency/

(author, year) (/10) (intensity/progression)  (weeks) sessions (n) (min) (hour) duration)

Cervical extensor muscle exercises only (CEM—O)

Suvarnnato et al., 2019 5 LL 6 12 10 2 3x/day

6 weeks

Gimenez-Costa et al., 2022 8 LL 6 6 20-25 2-25 2x/day

HL 6 6 20-25 2-2.5 6 weeks
Cervical extensor muscle exercises combined with other neck exercises (CEM—N)
Borisut etal., 2013 5  Progressive LL 9 HL 12 0 0 0 | x/day
(LL: 4; |2 weeks
HL: 8)

Hingarajia et al., 2012 &  Unclear description 4 8 30 4 2x/day

but progressive 4 weeks

Lietal, 2017 6 LL=a»HL 6 6 NR NR N

(LL: 4;
HL: 2)
HL 6

Bernal-Utrera et al., 2020 and 7 LL 3 3 20-30 1-1.5 | x/day
2022 3 weeks
[Group 1]

Chung and Jeong, 2018 7 Progressive HL 8 24 30 12 N

Khan et al, 2014 7 L 12 3 NR NR 2x/day

HL 12 3 NR NR 5 day fweeks
12 weeks
Falla et al., 2013 8 LL=aHL 8 8 30 4 2x/day
(LL: &; 8 weeks
HL: 2)

Landén Ludvigsson et al., 2015 87%% LLaHL 12 24 NR NR 2-3x/day (3 weeks)
and 20167, 20187, 2020* and (LL: 3, then Ix/week (9
Peterson et al., 2015 [Group HL: 9) weeks)

1]

Rodriguez-Sanz et al.,, 202 8 L=aHL 4 4 20 1.3 2-5x/day

[Group 1] (LL : 2; 4 weeks
HL: 2)

{Continued)
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Table 1. (Continued)

PEDro CEM exercise Rx Number of Session Home exercises
Study score characteristics duration supervised duration TRT (frequency/
(author, year) (/10) (intensity/progression)  (weeks) sessions (n) (min) (hour) duration)
Cervical extensor muscle exercises combined with other neck and shoulder exercises (CEM—A)
Mehri et al., 2020 5 LL=»HL 8 24 30-60 12-24 N
(LL: 4;
HL: 4)
Ask et al,, 2009 7 LL 6 6to |0 30 3-5 | %/day
Progressive HL 6 weeks
Cervical extensor muscle exercises combined with other neck muscle exercises and passive interventions (CEM—N/P)
Bobos etal, 2016 5  Progressive HL 7 14 30-40 7-9 2x/week
7 weeks
Chiu et al., 2005 and 2005 7.6°  Progressive LL 6 12 NR NR N
Rodriguez-Sanz et al., 2021 8 LL=2HL 4 4 20 1.3 2-5x/day
[Group 2] 4 weeks
Cervical extensor muscle exercises combined with other active and passive interventions (CEM—A/P)
Cetin et al., 2022 5 LL=»HL 6 18 40 12 N
Jordan etal., 1998 5 L 6 12 60 12 Unclear
Kim and Kwag, 2016 5  Unclear description 4 12 NR NR N
Ris et al, 2016 6  Unclear description 16 12 30-90 10 2x/day
16 weeks
Willaert et al, 2020 6  LL = functional HL 12 18 30-60 9.5 N
Progressive HL
Jull et al., 2007 7 LL 10 10to I5 30 5-7.5 2x/day
10 weeks
Lytras et al., 2023 7 LL=2HL 10 40 60 40 N
Ylinen et al., 2003, 2006 and 75%  HL 2 10 45-60 7.5-10 3x/week
2007° 52 weeks
Landén Ludvigsson et al., 2015 87%* LLaHL 12 24 NR NR 2-3x/day (3 weeks)
and 20167, 2018, 2020* and and then |x/
Peterson et al., 2015 [Group week (9 weeks)
2]
Lytras et al., 2020 8 LL-2>HL 10 40 60 40 N
Michaleff et al., 2014 8 LL-2>HL 12 20 60 20

{Continued)
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Table 1. (Continued)

PEDro CEM exercise Rx Number of Session Home exercises

Study score characteristics duration supervised duration TRT (frequency/
(author, year) (/10) (intensity/progression)  (weeks) sessions (n) (min) (hour) duration)

(LL: 4; HL: 5x/week

8) 12 weeks
Sremakaew et al., 2022 8 LL=»HL 6 12 30-60 612 1 %/ day
6 weeks

Sterling etal, 2015 9 L 6 10 60-90 10-15 N

MNote: TRT does not include rehabilitation hours undertaken as part of additional home exercise programme. If PEDro scores for follow-up studies differed from the reference

study, the follow-up study’s score is shown in italic and is referenced by a superscript number.

CEM: cervical extensor muscles; Rx: treatment min: minute; TRT: total supervised rehabilimtion time per person; LL: low load cervical extensor muscle exercise; HL: high load
cervical extensor muscle exercise; N: any home exercises reported; LL=3 HL: low load cervical extensor muscle exercises progressed towards high load cervical extenser muscle

exercises; NR: not reported.
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Table 2. Effectiveness on primary outcomes.

Study (PEDro score(s))

Compared interventions Qutcome(s)

Results (SFU = short follow-up,
LFU = long follow-up)

Cervical extensor muscle exercises only (CEM—Q)

Suvarnnato et al,, 2019
(5/10)

Giménez-Costa et al,, 2022
(8/10)

54 adults with CNP

‘CEM—O’ group (n = 18):

LL exercises for SCe ‘Other’ group (n = 18):

LL exercises for CFM (twice per week under
supervision, twice/day self-exercise at home)

Control group (n = 18):

Usual care including general exercise, stretching,
upper limb strengthening, MT, electrotherapy
(10 to 12 sessions, 20 to 30 min) Intervention

period:
& weeks

|. Disability [NDI (%)]

Qutcome assessments:

10 weeks, 18 weeks)

46 women with CNP
‘CEM—OI’ group (n = 23):
LL exercises for CEM and S5Ce
‘CEM—O?’ group (n = 23):
HL exercises for CEM
Intervention period:

6 weeks

Qutcome assessments:

+ NDI at 6 months)

2. Pain intensity [NPRS (0-10)]

4 assessments (baseline, 6 weeks,

I. Disability [NDI (0-50)]
2. Pain intensity [VAS (0-100)]

2 assessments (baseline, 6 weeks

. SFU: CEM - O (mD -16.7) =
Other (mD —12.3)

> Control (mD -2.9)

LFU: CEM—O (mD —17.0) > Other
(mD —10.7)

> Control (mD —1.4)

2. SFU: CEM—O (mD -2.5) =
Other (mD —1.8)

> Control (mD —0.6)

LFU: CEM—O (mD —2.0) = Other
(mD —1.3)

=Control (mD —0.7)

l. SFU: CEM—OI (mD —6.1%) =
CEM - O2 (mD —4.7%)

LFU: CEM—O| (mD —4.7%) = CEM
- 02 (mD —4.5%)

2. SFU: CEM—OI (mD -20.9 mm*)
= CEM - O2 (mD —18.0 mm*)

Cervical extensor muscle exercises combined with other neck exercises (CEM—N)

Borisut etal.,, 2013
(5/10)

100 women with chronic work-related neck pain  |. Disability [NDI (0-50)]
2. Pain intensity [VAS (0-100)]

‘CEM—NI’ group (n = 25):
LL progressed towards HL exercises for CEM and Qutcome assessments:

CFM 2 assessments (baseline, 12 weeks)

‘CEM—N2’ group (n = 25):

LL progressed towards HL exercises for CEM and
CFM, deep CFM exercises (twice per week
under supervision, once/day at home)

‘Other’ group (n = 25):

Deep CFM exercises (twice per week under
supervision, once/day at home)

Control group

Ne intervention

I. SFU: CEM—NI (mD —13.5%) =
CEM-N2 (mD —13.5%)

=Other (mD —15.6%

> Control (mD 2.3)

CEM—N2 (mD —13.5%) = Other
(mD —15.6%)

> Control (mD 2.3)

2. SFU: CEM—NI (mD —16.3 mm*)
<CEM — N2 (mD —44.6 mm¥)

=Other (mD —13.0 mm*)

> Control (mD 2.3 mm)

CEM—N2 (mD —44.6 mm™*) > Other

(Continued)
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Table 2. (Continued)

Study (PEDro score(s)) Compared interventions

Qutcome(s)

Results (SFU = short follow-up,
LFU = long follow-up)

Intervention period:

12 weeks
Hingarajia et al., 2012 50 women with CNP
(6/10) ‘CEM—N' group (n = 25):

Tailored and progressive exercises for CEM, CFM,

LFM (unclear description of intensity)
‘Other’ group (n = 25):
Progressive LL exercises for deep CFM
Intervention period:

4 weeks
Li et al., 2017 102 women with chronic work-related neck pain
(6/10) ‘CEM—NI’ group (n = 36):

LL progressed towards HL exercises for CEM,

CFM, LFM, booklet (ergonomic)
‘CEM—N2’ group (n = 32):

HL exercises for CEM, CFM, LFM, booklet

(ergonomic).
Control group (n = 34):

Information’s on ergonomic, stress management,

relaxation, meditation, diet, booklet
(ergonomic)

Intervention period:

6 weeks

Bernal-Utrera et al,, 2020 and 69 adults with CNP
2022 ‘CEM—N' group (n = 23):

(7/10) LL progressive exercises for CEM, deep CFM,
LFM and rotator muscles. ‘Other’ (n = 23):
MT including thoracic manipulation on T4, upper

| Disability [NDI (0-50)]

2. Pain intensity [VAS (0-10)]

Outcome assessments:

2 assessments (baseline, 4 weeks)

I. Disability [NDI (%)]

2. Pain intensity [VAS (0-10]

Outcome assessments:

4 assessments (baseline, 2 weeks,
4 weeks, 6 weeks, 3 months)

I. Disability [NDI (%)]

2. Pain intensity [VAS (0-100)]

Outcome assessments:

4 assessments (baseline, 2 weeks,

4 weeks, 12 weeks)

(mD —13.0 mm*)

> Control (mD 2.3 mm)

I. SFU: CEM—N (mD —3.5%) =
Other (mD —5.2%)

2 SFU: CEM—N (mD —-2.3 em*) =
Other (mD —2.7 cm™®)

I. SFU: CEM—I (mD —12.5%) =
CEM — N2 (mD —12.1%)

> Control (mD —0.3)

CEM—N2 (mD —12.1*) > Control
(mD —-0.3)

LFU: CEM—NI (mD —13.3%) =
CEM — N2 (mD —13.1%)

> Control (mD —1.2)

CEM—N2 (mD —13.1*) > Control
(mD —1.2)

2 SFU: CEM—NI| (mD —-2.9%) >
CEM — N2 (mD —-2.4%)

> Control (mD —0.3)

CEM—N2 (mD —2.4%) > Control
(mD —-0.3)

LFU: CEM—NI (mD —3.3%)> CEM -
N2 (mD -2.9%)

> Control (mD —0.1)

CEM—N2 (mD —2.9¥) > Control
(mD —0.1)

I. SFU: CEM—N (mD —18.1%) =
Other (mD —15.5%)

> Control (mD 1.8)

LFU: CEM—N (mD —14.9%) =
Other (mD —16.1%)

(Continued)
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Table 2. (Continued)

Results (SFU = short follow-up,

Study (PEDro score(s)) Compared interventions Outcome(s) LFU = long follow-up)
cervical articular mobilization (2 Hz, 2 min X 3 > Control (mD 0.5)
series), sub-occipital muscle inhibition (3 min) 2.S5FU: CEM—N (mD —30.3 mm*) =
(oncefweek) Other (mD -26.1 mm¥)
Control group (n = 23): > Control (mD 0.8 mm)
Sham treatment including simulation of the LFU: CEM—N (mD -23.7 mm*) =
sub-occipital muscle inhibition technique Other (mD —23.7 mm¥)
(3 min) and 10 s cervical laser therapy (laser > Control (mD —I.1 mm)
pointer off) (oncefweek)
Intervention period:
6 weeks
Chung and Jeong, 2018 4| adults with CNP I. Disability [NDI (%)] I. SFU: CEM—N (mD -5.9%) < Other

(7110)

Khan et al., 2014
(7/10)
Falla et al., 2013
(8/10)

‘CEM—N' group (n = 19):

Progressive HL exercises for CEM, CFM, LFM,
postural education

‘Other’ group (n = 22):

Progressive LL exercises for deep CFM

Intervention period:

8 weeks

68 adults with CNP

‘CEM—NI’ group (n = 34):

HL static exercises for CEM, CFM, LF and rotator
muscles

‘CEM—N2’ group (n = 34):

LL ROM exercises for CEM, CFM, LF and rotator
muscles

Intervention period:

12 weeks

46 women with CNP

‘CEM—N’ group (n = 23):

LL exercises for CEM and deep CFM, progressed
towards HL exercises

Control group (n = 23):

No intervention but no interdiction from seeking
treatment

2. Pain intensity [VAS (0-10)]
Outcome assessments:

3 assessments (baseline, 4 weeks,

8 weeks)

I. Disability [NPQ (%)]
2. Pain intensity [VAS]

QOutcome assessments:

2 assessments (baseline, | 2 weeks)

I. Disability [NDI (0-50) and PSFS
(0-10)]
2. Pain intensity [VAS (0-10)]

QOutcome assessments:

2 assessments (baseline, 8 weeks)

(mD —8.2%)
2. SFU: CEM—N (mD —1.3 em®) <
Other (mD —2.1 em™®)

I. SFU: CEM—NI (mD —9.4*) > CEM
~ N2 (mD —4.0%)

2. SFU: CEM—NI (mD —2.6%)>
CEM - N2 (mD —1.7%)

I. SFU: CEM—N (mD NDI —4.1%) >
Control (mD NDI —1.0)

CEM—N (mD PSFS |.1%) > Control
(mD PSFS 0.08)

2. SFU: CEM—N (mD —1.7 em*) >
Control (mD —0.3 cm)

{Continued)
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Table 2. (Continued)

LIEGE

université

¥

Study (PEDro score(s))

Compared interventions

Qutcomei(s)

Results (SFU = short follow-up,
LFU = long follow-up)

Landén Ludvigsson et al.,
2015, 2016%, 20183, 2020*
and Peterson et al., 2015

(87410

Rodriguez-Sanz et al., 2021
(8/10)

Intervention period:

8 weeks

216 adults with CWAD

‘CEM—N' group (n = 76):

LL progressed towards HL exercises for CEM and
deep CFM, postural control.

‘CEM—AJP group (n = 71):

LL progressed towards HL exercises for CEM and
deep CFM; Behavioural interventions (pain
management, relaxation, activity goal setting)

Control group (n = 69):

Individual general physical activity programme at
home (for instance, aerobic exercises) based
on physical examination and motivational
interview (| or 2 sessions with a
physiotherapist)

Intervention period:

12 weeks

58 adults with CNP

‘CEM—N' group (n = 29):

LL progressed towards HL exercises for CEM and
CFM

‘CEM—NI/F group (n = 29):

LL progressed towards HL exercises for CEM and
CFM combined with manipulation and/or
mobilization of upper cervical segments

Intervention period:

4 weeks

|. Disability [NDI (0-50)]

2. Pain intensity [VAS (0-100)]

Qutcome assessments:

5 assessments (baseline, 3 months,
6 months, |2 months, 24

months)

|. Disability [NDI]

2. Pain intensity [NPRS (0-10)]
Outcome assessments:

4 assessments (baseline, 4 weeks,

3 months, 6 months)

I. SFU: CEM—N (mD -2.2%) = CEM
—A/P (mD -2.7%)

=Control (mD -0.3)

CEM—A/P (mD —2.7*%) > Control
(mD —0.3)

LFU: CEM—N (mD -1 .8%) = CEM -
A/P (mD —3.7%)

=Control (mD 0.6)

CEM - A/P (mD —2.7¥) > Control
(mD 0.6)

2. SFU: CEM—N (mD —10mm) =
CEM — A/P (mD —9 mm)

=Control (mD -2 mm)

CEM—A/P (mD —9 mm) = Control
(mD -2 mm)

LFU: CEM—N (mD —14 mm*) =
CEM — A/P (mD — 14 mm*¥)

= Control (mD — 10 mm)

CEM—A/P (mD —14 mm*) =
Control (mD —10 mm)

I. SFU: CEM—N < CEM - N/P

LFU: CEM—N <CEM - N/P

2. SFU: CEM—N (mD —0.8) < CEM -
N/P (mD —3.4%)

LFU: CEM—N (mD —0.4) <CEM -
NP (mD -2.9%)

Cervical extensor muscle exercises combined with other neck and shoulder exercises (CEM—A)

32 women with CNP

I Pain and disability [NPDQ (%)]

(Continued)
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Table 2. (Continued)

LIEGE

université

¥

Study (PEDro score(s)) Compared interventions

Outcome(s)

Results (SFU = short follow-up,
LFU = long follow-up)

Mehri et al,, 2020 ‘CEM—A’ group (n = 16):

(5/10) LL progressed towards HL exercises for CEM,
CFM and SGM

Control group (n = | 6):

Advice to stay active as usual in home and
workplace, and manuscript including postural
corrections

Intervention period:

8 weeks

Ask et al., 2009 25 adults with subacute WAD
(7/10) ‘CEM—AI’ group (n = | 1):

LL exercises for CEM, deep CFM, SGM

‘CEM—AZY’ group (n = |4):

Progressive HL exercises for CEM, CFM, LFM,
SGM

Intervention period:
6 weeks

Outcome assessments:
2 assessments (baseline and 8

weeks)

1. Disability [NDI 0-50)]

2. Pain intensity [VAS (0-100)]
Qutcome assessments:

3 assessments (baseline, 6 weeks,

12 months)

|.SFU: CEM—A (mD -5.4%) >
Control (mD —0.9)

I. SFU: CEM—AI (MD —9%) = CEM
~ A2 (MD -7%

LFU: CEM—AI (MD —4*) = CEM -
A2 (MD —4%)

2. SFU: CEM—AI (MD —35 mm*)
CEM — A2 (MD —28 mm*)

LFU: CEM—AI (MD —8.5 mm#) =
CEM — A2 (MD —21.5 mm¥)

Cervical extensor muscle exercises combined with other neck muscles exercises and passive interventions (CEM—N/P)

60 adults CNP

‘CEM—N/P’" group (n = 20):

Home exercise programme (ROM exercises,
LL multidirectional neck exercises, stretching;
3040 min, twice/week), progressive HL
exercises in all neck directions

‘Other’ group (n = 20):

Home exercise programme (ROM exercises,
LL multidirectional neck exercises, stretching;
30-40 min, twice/week), LL progressive
exercises for deep CFM

Control group (n = 20):

Home exercises programme (ROM exercises,
LL multidirectional neck exercises, stretching;
3040 min, twice/week)

Intervention period:

7 weeks

218 adults with CNP

Bobos et al, 2016
(5/10)

|. Disability [NDI (%)]
2. Pain intensity [NPRS (0-10)]

minimal (min), maximal (max)
and current (cur)
Outcome assessments:

2 assessments (baseline, 7 weeks)

I. Disability [NPQ (0-4)]

I. SFU: CEM—NI/P (mD —4.1%) =
Other (mD —11.6%)

> Control (mD —2.3%)

2. SFU: CEM—N/P (mDmin —0.7%)
Other (mDmin —1.7%)

= Control (mDmin —0.2)

CEM—N/P (mDmax —-2.0%) = Other
(mDmax —2.6%)

=Control (mDmax —2.0%)

CEM—N/P (mDcur —|.6*) <Other
(mDcur —3.5%)

= Control (mDcur —1.0%)

|. SFU: CEM—N/P (mD —0.39%) =

(Continued)
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Table 2. (Continued)

Results (SFU = short follow-up,

Study (PEDro score(s)) Compared interventions QOutcomeq(s) LFU = long follow-up)
Chiu et al., 20052 and 2005b> “CEM—N/P’ group (n = 67): 2. Pain intensity [NPRS (0-10)] Other (mD —0.38%)
(7.6%110) Advice on neck care, infrared irradiation (20 min) Qutcome assessments: > Control (mD —0.23%)
and progressive LL exercises for CEMand CFM 3 assessments (baseline, 6 weeks, LFU: CEM—N/P (mD —0.37%) =
‘Other’ group (n = 73): 6 months) Other (mD —0.36%)
Advice on neck care, infrared irradiation (20 min) > Control (mD —0.20%)
and conventional TENS to the neck region 2. SFU: CEM—N/P (mD —-1.6%) =
(30 min) (twicelweek) Other (mD —0.6%)
Control group (n = 78): =Control (mD -0.3)
Advice on neck care and infrared irradiation to LFU: CEM—N/P (mD —1.6¥) =
the neck region (20 min, twice/week) Other (mD —1.3%)
Intervention period: = Control (mD -0.7)
6 weeks
Rodriguez-Sanz et al,, 2021 See Rodriguez-Sanz et al, 2021, in "CEM—N' classification
(8/10)

Cervical extensor muscle exercises combined with other active and passive interventions (CEM—AJP)

Cetin et al, 2022 41 adults with CNP |. Disability [ProFitMap-Neck (%)] |.SFU: CEM—A/P | (mD —10.59%) =
(5/10) ‘CEM—AJP I’ group (n = 20): 2. Pain intensity [VAS (0-10)] CEM - A/P 2 (mD —12.97)
LL progressed towards HL exercises for CEM, Qutcome assessments: 2. SFU: CEM—A/P | (mD —2.44%) =
CFM and SGM, stretching and postural 2 assessments (baseline and 6 CEM - A/P 2 (mD —3.69%)
corrections (40 min) weeks)

‘CEM—AJP 2’ group (n = 2I):

LL progressed towards HL exercises for CEM,
CFM and SGM, stretching, postural corrections
(20 min) and virtual reality exercises aiming
multidirectional neck movements (20 min)

Intervention period:

6 weeks
Jordan etal., 1998 119 adults with CNP |. Disability [Disability index (0—  |. SFU: CEM—A/P (MD -3) =
(5/10) ‘CEM—AJP’ group (n = 40): 30)] Other-PT (MD -5)
LL exercises for CEM, CFM, LFM; HL exercises 2. Pain intensity [NPRS (0-30)] = Other—chiro (MD —4)
for SGM, chest; stretching, ergocycle; home Qutcome assessments: LFU: CEM—A/P (MD -3) =
exercises, ergonomic advice, one theoretical 4 assessments (baseline, 6 weeks, Other-PT (MD -3)
and practical session of ‘neck school’ 4 months, 12 months) = Other—chiro (MD -3)

(Continued)
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Table 2. (Continued)

Results (SFU = short follow-up,

Study (PEDro score(s)) Compared interventions Qutcome(s) LFU = long follow-up)
‘Other—PT' group (n = 39): 2. SFU: CEM—A/P (MD —6%) =
Hot packs, massage, US, MT (traction and Other-PT (MD —6%)
mobilization); same home exercises; one = Other—chire (MD =7%)
theoretical and practical session of ‘neck LFU: CEM—AJP (MD —6%) =
school’ Other-PT (MD —4%)
‘Other—chire’ group (n = 40): = Other—chiro (MD —7%)
Cervical spine manipulations, MT (traction and
manual treatment of muscle tenderness); one
theoretical and practical session of ‘neck
school’
Intervention period:
6 weeks
Kim and Kwag, 2016 28 adults with CNP |. Disability [NDI] I. SFU: CEM—AJP (mD —1.9) =

(5/10)

Ris etal, 2016
(6/10)

Jull et al., 2007
(7/10)

‘CEM—AJP group (n = |4):

Unclear description of neck exercises intensity
for CEM, CFM, LFM; stretching in several neck
directions.

‘Other’ group (n = 14):

Deep CFM exercises

Intervention period:

4 weeks

200 adults with CNP (>6 months)

‘CEM—AJ/P group (n = 101):

Pain management programme; progressive and
tailored exercises (unclear intensity) for CEM,
deep CFM, SGM, balance, and graded physical
training

Control group (n = 99):

Pain management programme (4 sessions,

90 min/session, ence/month)

Intervention period:

4 months

71 adults with CWAD

‘CEM—AJ/P group (n = 36):

Progressive LL exercises for CEM, CFM, SGM,
CSPR, MT, education and advice

2. Pain intensity [NPRS (0-10)]
Outcome assessments:
3 assessments (baseline, 4 weeks,

8 weeks)

|. Disability [NDI (0-50) and PSFS
(0-10)]

Outcome assessments:

2 assessments (baseline, 4 months)

I. Disability [NPQ (%)]
Outcome assessments:
2 assessments (baseline, 10 weeks)

Other (mD —1.9)

LFU: CEM—A/P (mD —2.6%) < Other
(mD -3.8%)

2. SFU: CEM—A/P (mD —1.3) =
Other (mD —1.7)

LFU: CEM—A/P (mD —2.0%) < Other
(mD -3.5%)

I. SFU: CEM—A/P (mD NDI —1.3) =
Control (mD NDI —1.1)

CEM—A/P (mD PSFS 0.7) = Control
(mD PSFS 0.5)

I. SFU: CEM—A/P (mD —10.4) >
Other (mD —4.6)

(Centinued)
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Table 2. (Continued)

LIEGE

université

¥

Study (PEDro score(s))

Compared interventions

Qutcome(s)

Results (SFU = short follow-up,
LFU = long follow-up)

Lytras et al., 2023
(7/10)

Ylinen et al., 2003, 20062 and
20073
(7.52110)

‘Other’ group (n = 35):

Self-management programme documented in a
booklet including education, advice and
description of an exercise programme
(encouragement to perform exercises twice/
day)

Intervention period:

10 weeks

80 women with CNP

‘CEM—AJP |’ group:

LL and HL exercises for CEM, CFM, LF, SGM,
neck and upper limb muscles stretching

‘CEM—AJP 2’ group:

LL and HL exercises for CEM, CFM, LF, SGM,
neck and upper limb muscles stretching,
neuromuscular inhibitory techniques

‘CEM—AJP 3 group:

LL and HL exercises for CEM, CFM, LF, SGM,
neck and upper limb muscles stretching,
massage and mobilisation and/or manipulation

Control group:

Home-based general exercises sheet

Intervention period:

10 weeks

179 women with constant or frequently occurring
neck pain

‘CEM—AJP’ group (n = 60):

10 supervised sessions in 12 days to learn the |
year-home exercises programme (HL strength
exercises for CEM, CFM, LFM, SGM, leg, trunk,
stretching, aerobic training; 45 min), neck
school education and PT (MT/massage)

‘Other’ group (n = 59):

10 supervised sessions in 12 days to learn the |
year-home exercises programme (HL

I. Disability [NDI (0-50)]
2. Pain intensity [VAS (0-100)]
Qutcome assessments:

5 assessments (baseline, 2 weeks,
4 weeks, 6 weeks, |0 weeks, 6

months)

| Disability [NDI (%)]
2. Pain intensity [VAS (0-100)]
Outcome assessments:

2 assessments (baseline, 12
months, 36 months)

1.SFU: CEM—P 2 (mD NDI —13.19)/
CEM A/P 3 (mD NDI —17.45)

> CEM—A/P | (mD NDI =1 .1)=>
Control (mD NDI -2.9)

LFU: CEM—AJP 2 (mD NDI —13.9) /
CEM A/P 3 (mD NDI —13.55)

> CEM—A/P | (mD NDI —6.1)

> Control (mD NDI —-2.6)

2. SFU: CEM—AJP 2 (mD —37.76) /
CEM A/P 3 (mD -32.1)

> CEM—A/P | (mD -25.42) >
Control (mD -7 .42)

LFU: CEM—A/P 2 (mD —33.97) /
CEM A/P 3 (mD —35.43)

> CEM—A/P |(mD -21.35)>
Control (mD —6.42)

|. SFU: Other (MD —8%) > Control

(MD -3)

CEM—AJ/P (MD —9¥) > Control (MD
-3)

LFU: other (MD —6%) = CEM — AP
(MD —10%)

2. SFU: Other (MD —35 mm*) >
Control (MD —16 mm)

CEM—A/P (MD —40 mm*) >
Control (MD —16 mm)

(Continued)
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Table 2. (Continued)

Study (PEDro score(s))

Compared interventions Outcome(s)

Results (SFU = short follow-up,
LFU = long follow-up)

Landén Ludvigsson et al.,
2015, 20162, 2018, 2020*
and Peterson et al., 2015

8.7 10)

Lytras et al., 2020

(8/10)

Michaleff et al., 2014
(8/10)

endurance exercises for CFM, SGM, leg, trunk,
stretching, aerobic training; 60 min), neck
school education and PT (MT/massage)

Control group (n = 60):

| supervised session to learn the | year-home
exercises programme (stretching, aerobic
exercise; 90 min, 3 times/week)

Intervention period:

12 months

LFU: other (MD —38 mm*) = CEM -
AP (MD —44 mm*)

See Landén Ludvigsson et al,, 2015, 2016, 2018, 2020" and Peterson et al., 2015, in ‘CEM—N' classification

40 adults with CNP
‘CEM—AJP I' group:

|.Disability [NDI (0-50)]
2.Pain intensity [VAS (0-100)]
LL and HL exercises for CEM, CFM, LF, SGM, QOutcome assessments:

neck and upper limb muscles stretching

‘CEM—AJP 2’ group:

LL and HL exercises for CEM, CFM, LF, SGM,
neck and upper limb muscles stretching,
neuromuscular inhibitory techniques

Intervention period:

10 weeks

170 adults with CWAD

‘CEM—AJP group (n = 85):

CEM, CFM, SGM, postural and sensorimotor 130)]
exercises (CSPR, balance, EMC), MT and
graded activity programme

7 assessments (baseline, 2 weeks,
4 weeks, 6 weeks, 10 weeks, |4
weeks, 22 weeks, 34 weeks)

I. Disability [NDI (%), PSFS (0-10)
and Whiplash Disability
Tailored LL progressed towards HL exercises for Questionnaire (WDQ) (0-

2. Pain intensity (NPRS)
Outcome assessments:

Control group (n = 85):

Advice by a physiotherapist and an educational
booklet (| session, 30 min)

Intervention period:

12 weeks

4 assessments (baseline, |4 weelks,

6 months, | 2 months)

I. SFU: CEM—A/P |(mD NDI —7.75)
<CEM A/P 2 (mD NDI —13.05)
LFU: CEM—A/P I(mD NDI —3.5) <
CEM AP 2 (mD NDI —9.45)

2. SFU: CEM—A/P | (mD —24.4) <
CEM AP 2 (mD —38.16)

LFU: CEM—AP | (mD —20.77) <
CEM AP 2 (mD —34.58)

I. SFU: CEM—/AP (mD NDI =7.2) =
Control (mD NDI —6.4)

CEM—AJ/P (mD PSFS 1.9)> Control
(mD PSFS 0.9)

CEM—A/P (mD WDQ —12.1) =
Control (nD WDQ - 14.8)

LFU: CEM—A/P (mD NDI —8.4) =
Control (mD NDI -7.7)

CEM—A/P (mD PSFS 2.3) = Control
(mD PSFS 1.7)

CEM—A/P (mD WDQ - 14.8) =

(Continued)
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Table 2. (Continued)

Study (PEDro score(s)) Compared interventions

Outcome(s)

Results (SFU = short follow-up,
LFU = long follow-up)

Sremakaew et al.,, 2022 152 adults with idiopathic CNP
(8/10) ‘CEM—AJP |’ group (n = 38):

Tailored LL progressed towards HL exercises for
CEM, CFM, SGM, postural exercises and MT

‘CEM—AJP 2’ group (n = 38):

Tailored LL progressed towards HL exercises for
CEM, CFM, SGM, postural exercises and MT +

progressed CSPR and EMC exercises
‘CEM—AJP 3’ group (n = 38):

Tailored LL progressed towards HL exercises for
CEM, CFM, SGM, postural exercises and MT +

progressed balance exercises
‘CEM—AJP 4 group (n = 38):

Tailored LL progressed towards HL exercises for
CEM, CFM, SGM, postural exercises and MT +
progressed CSPR, EMC and balance exercises.

Intervention period:

6 weeks
Sterling et al., 2015 80 adults with CNP
(9/10) ‘CEM—AJ/P group (n = 40):

Tailored LL exercises for CEM, CFM and SGM,
postural and sensorimotor exercises and DN

to posterior neck muscles
‘CEM—ShamDN'’ group (n = 40):

1. Disability [NDI (%), PSFS (0-
10)]

2. Pain intensity [VAS (0-10)]

Qutcome assessments:

4 assessments (baseline, 6 weeks,
3 months, 6 months, | 2 months)

1. Disability [NDI (%), PSFS (0-10)
and Whiplash Disability
Questionnaire (WDQ) (0-
130)]

2. Pain intensity [VAS (0-10) one
week and 24 h]

Control (mDWDQ —18.1)

2. SFU: CEM—A/P (mD —1.6) =
Control (mD —1.5)

LFU: CEM—A/P (mD —1.8) =
Control (mD —1.5)

I. SFU: CEM— A/P | (mD NDI
—15.1%) = CEM - A/P 2 (mD NDI
—15.8%)

=CEM—AJ/P 3 (mD NDI —15.5%)

=CEM—A/P 4 (mD NDI —17.9%)

CEM—AJ/P | (mD PSFS —3.4%) =
CEM — A/P 2 (mD PSFS —3.5%)

=CEM—A/P 3 (mD PSFS —3.5%)

=CEM—A/P 4 (mD PSFS —3.7%)

LFU: CEM—AJP | (mD NDI —10.3%)
<CEM - A/P 2 (mD NDI —14.5%)

< CEM—A/P 3 (mD NDI —14.8%)

< CEM—A/P 4 (mD NDI —18.2%)

CEM—AJ/P | (mD PSFS —3.2%) =
CEM — A/P 2 (mD PSFS —3.4%)

=CEM—A/P 3 (mD PSFS —2.6%)

=CEM—A/P 4 (mD PSFS —3.5%)

2. SFU: CEM—A/P | (mD —4.1%) =
CEM - A/P 2 (mD —4.0%)

=CEM—AJ/P 3 (mD -3.7%)

=CEM—A/P 4 (mD —-4.7%)

LFU: CEM—A/P | (mD —2.8%) > CEM
—AJP2 (mD -3.3%)

> CEM—A/P 3 (mD -3.5%)

> CEM—A/P 4 (mD —4.3%)

I.SFU: CEM—AJP (mD NDI —10.7)
= CEM - ShamDN (mD NDI
—-10.2)

CEM—AJP (mD PSFS 2.2) = CEM -
ShamDN (mD PSFS 1.6)

CEM—A/P (mD WDQ —19.5) =

(Continued)
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Table 2. (Continued)

Study (PEDro score(s)) Compared interventions

Qutcome(s)

Results (SFU = short follow-up,
LFU = long follow-up)

Identical exercise programme and sham DN
Intervention period:
6 weeks

Outcome assessments:
5 assessments (baseline, 6 weeks,
12 weeks, 6 months, |2 months)

CEM — ShamDN (mD WDQ
-17.2)

LFU: CEM—AJP (mD NDI —15.6) >
CEM — ShamDN (mD NDI -8.8)

CEM—AJP (mD PSFS 3.5) = CEM -
ShamDN (mD PSFS 1.6)

CEM—AJP (mD WDQ -29) = CEM
— ShamDN (mD WDQ —20.8)

25FU: CEM—A/P (mD Iwk
—24 cm) = CEM — ShamDN (mD
lwk —2.2 em)

CEM—AJ/P (mD 24 h —=2.0 cm) =
CEM — ShamDN (mD 24 h
—-19cm)

LFU: CEM—AJP (mD Iwk —2.8 em)
= CEM — ShamDN (mD 1wk
—2.1 cm)

CEM—AJ/P (mD 24 h —25cm) =
CEM — ShamDN (mD 24 h
—-22cm)

Notes: Results in bold indicate significant differences between groups. * indicates results with significant differences from baseline values reported by authors for
the same intervention group.indicates results for which between groups differences were not reported by the authors. Underlined assessment time points identify
the respective times of SFU and/or LFU. Outcomes are provided without units if this information was not provided by the authors. If PEDro scores for follow-up
studies differed from the reference study, the follow-up study’s score is referenced by a superscript number.
CNP: chronic neck pain; CWAD: chronic whiplash-associated disorders; SCe: semispinalis cervicis; CES: cervical erector spinae muscles; mD: mean difference;
MD: median difference; NPRS: numeric pain rating scale; VAS: visual analogue scale; NDI: neck disability index; NPQ: Northwick Park Neck Pain Questionnaire;
NPDQ: Neck Pain and Disability Questionnaire; PSFS: Patient-Specific Function Scale; CEET: Cervical Extensor Endurance Test; ROM: range of motion; MVC:
maximum voluntary contraction; sSEMG: surface electromyography; LL: low load; HL: high load; CEM: cervical extensor muscles; SGM: shoulder girdle muscles;
CFM: cervical flexor muscles; LFM: lateral flexion muscles; MT: manual therapy; PT: physiotherapy; CSPR: cervical spine proprioceptive retraining; EMC: eye

movement control; DN: dry needling; PPT: pressure point threshold.
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The PEDro criteria and final scores assigned to each article are presented in Supplemental Table 1.
They range from 5/10 to 9/10. None of the therapists in the studies could be blinded to the
intervention arm because of the nature of exercise interventions. Nine articles had a score of 5/10,
and all the others (n = 26) were of ‘moderate to high’ quality (PEDro score = 6/10).

CHARACTERISTICS OF INCLUDED ARTICLES

The year of publication ranged from 1998* to 2023.%*3 The number of participants ranged from 254
to 218,% and the mean age of the participants ranged from 20%® to 50 years.***” Eight studies included

only female participants.*346:4853

The 27 studies included a total of 2409 participants with neck pain, either of non-traumatic onset,*'
43,46,47,51,52,54-59 traumatic onset (whiplash related),**%°%* 3 mix of traumatic and non-traumatic onset®
or work-related neck pain®*% the cause was not reported in four studies.**>*%67 All randomised
controlled trials included people with chronic symptoms, except one that included people with
subacute whiplash-associated disorders.** Some studies used the same participant samples for
different follow-up sessions (Landen Ludvigsson et al.,’54%889 Berngl-Utrera et al.,’*’® Ylinen et
al.5¥7%72) or for complementary analyses (Landen Ludvigsson et al.,®~”® Chiu et al.**°®). The main
demographic characteristics of each group are presented in Supplemental Table 2.

The frequency of the supervised intervention ranged from five times per week for two weeks>! to less
than once per week for 16 weeks.®® The session time ranged from 10 min of specific semispinalis
cervicis isometric exercises® to 90 min of combined treatment that included cervical extensor muscle
exercises.®®% The total duration of supervised rehabilitation ranged from 1 h® to 40 h,***° spread out
over 2 weeks**%72 to 16 weeks.®® Home exercises, used either as the main intervention®® or in
combination with supervised exercises, were included in the programme in 16 studies??4446-4851-
53,55,56,60-62,65,66,74 and were performed from twice per week’ to two to five times per day,*” over 3

weeks® to 1 year.>!

Regarding the components of the neck pain rehabilitation programmes that included cervical extensor
muscle exercises, the modalities and type of control intervention were very heterogeneous across
studies. Five main categories of programmes involving cervical extensor muscle exercises could be
distinguished: (1) interventions involving cervical extensor muscle exercises only;>>*> (2) interventions
involving cervical extensor muscle exercises and other neck muscle exercises;*6-48:50,52,56,57,61,64,66,68-70,73
(3) interventions involving cervical extensor muscle exercises combined with other neck and shoulder
girdle muscle exercises;***° (4) interventions involving cervical extensor muscle exercises combined
with other neck muscle exercises and passive interventions such as manual techniques, dry needling,

etC.,'47'58'74

and (5) interventions involving cervical extensor muscle exercises combined with other
active and passive interventions,174351,54,59-6567-69,71-73,75 \W hereas most studies compared a neck pain
rehabilitation programme involving cervical extensor muscle exercises to an intervention without
cervical extensor muscle exercises or to a control group (no, or minimal, intervention), some studies
compared two cervical extensor muscle intervention groups classified within a same category**

44,48,50,53,54,56,59,67 o different categories.*’%!
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Among the 27 studies, nine interventions consisted of a low load programme?144535556,58,60,63,66 g

44,50,51,53,56,57,67, 42-44,46-50,52,54,57-59,61,62,67,74 t h e

eight of a high load programme. 74 In 21 interventions,

cervical extensor muscle exercises were progressive; in 16 interventions, the programme progressed

42,43,47-50,52,54,59,616267 |n three studies, the intensity of the

from a low load to a high load programme.
cervical extensor muscle exercises was unclear.**%>7> Table 1 shows the characteristics of the cervical

extensor muscle exercises used in the studies.

EFFECTIVENESS OF CERVICAL EXTENSOR MUSCLE INTERVENTIONS

All but one study®” assessed at least one of the two primary outcomes of this review; the secondary
outcomes assessed in some studies included cervical range of motion,4-4447:51,53,54,56,57,59,60,62,63,65,67
cervical extensor muscle strength#4350-5254555867 or endurance,*4+526165 |ocal pressure pain
threshold*347,50.53,54,59.63,6566.74 and muscle activation measured with surface electromyography.84%:>2
Each outcome was assessed at baseline and at the end of the intervention (corresponding to the short-
term follow-up), except for three studies in which the assessment was conducted a few weeks after
the intervention.’%2%¢ Sometimes a long-term follow-up assessment was performed (up to 36 months
after the start of the intervention, such as in the study by Ylinen et al.”?).

Among the 27 original studies, 25 reported significant improvements in at least one primary outcome
for the intervention group that performed cervical extensor muscle exercises. Table 2 provides a
description of the comparison interventions and results for the primary outcomes at the short- and
long-term follow-ups (when available) according to the same cervical extensor muscle intervention
classification used in Table 1. Among the 27 original studies, 20 reported significant improvements in
at least one secondary outcome for the intervention group that performed cervical extensor muscle
exercises. The results for the secondary outcomes at the different follow-up time points are provided
in Supplemental Table 3.

Interventions consisting on cervical extensor muscle exercises alone were evaluated in only two
studies. Suvarnnato et al.>® reported significantly greater improvements in pain ([0—10]NPRS mean
difference: -2.5) and disability ([%]NDI mean difference: -16.7) at the short follow-up in the
intervention group than in the usual care group, but no difference was found between the cervical
extensor muscle intervention group and the deep cervical flexor muscle intervention group (except for
cervical extensor muscle strength). Similar results were found at the long follow-up except that pain
intensity no longer differed between groups. Gimenez-Costa et al. compared two cervical extensor
muscle interventions (low load versus high load exercises) and reported significant and similar
improvements in both groups for pain intensity ([0-100]VAS mean differences ranging from -18.0 to
20.9), disability ([%INDI mean differences ranging from -9.4 to 12.2), pressure point threshold
([KPa]PPT mean differences ranging from 39.7 to 90.8) and cervical range of motion ([°]inclinometer
mean differences ranging from 8.1 to 17.7).>3

Cervical extensor muscle exercises combined with other neck exercises interventions were evaluated
in nine studies. Cervical extensor muscle exercises were usually combined with exercises for the deep
or superficial cervical flexor muscles and sometimes the cervical lateral flexor and cervical rotator
muscles. These interventions were compared to several interventions, for example, another cervical
extensor combined with other neck muscles®°%%¢ that could even be coupled with passive
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46,57

interventions,*” deep cervical flexor muscle interventions, passive interventions,® general physical

61,6468,69,73 nformation® or no intervention.*®*2 Regarding the intensity of the cervical extensor

activity,
muscle exercises used in these interventions, although a few randomised controlled trials focused on
either low load or high load exercises, the others progressed from low load to high load exercises.
Significantly greater improvements were reported for disability ([%]NDI mean differences ranging from
-8.2 to -27), pain intensity ([0-100]VAS mean differences ranging from -17 to -44.6) and pressure
point threshold in all cervical extensor muscle intervention groups compared to sham or no-
intervention groups. However, when compared to another intervention (such as deep cervical flexor
muscles or manual therapy), cervical extensor muscle exercises combined with other neck exercise
interventions did not usually result in significantly better outcomes. Although cervical range of motion
also improved (p-value<0.05) after cervical extensor and other neck muscle exercise
interventions,’®°’ it appeared that the addition of manual techniques could further improve range of

motion, as well as pain intensity and disability.*

Two studies evaluated cervical extensor muscle exercises combined with other neck and shoulder
girdle muscle exercises. Ask et al.** compared two interventions which differed in exercise intensity
and reported similar and significant improvements in pain and disability in both groups at the short-
term ([0—100]VAS median difference ranging from -3.5 to -28; [%]NDI median difference ranging from
-18 to -14) and 12-month follow-ups, but no improvement in neck extensor muscle endurance. Mehri
et al.* also reported significantly greater improvements in pain and disability ([%]Neck Pain and
Disability Scale mean difference: -5.4) in an intervention group than in a control ([%]NPQD mean
difference: -0.9) group who received advice and postural information in a booklet.

Three studies included cervical extensor muscle exercises combined with other neck exercises and
various passive modalities (i.e. manual therapy, neck stretching or infrared irradiation), which were
the main part of the rehabilitation programme. Significant improvements in pain ([0—-100]JNPRS mean
difference ranging from -16 to -34) and disability ([%]NDI mean difference: -4.1) were reported in the
three studies.*”*®”* The improvement in disability was significantly greater in the cervical extensor
muscle intervention groups than in the control groups; however, except for the study by Rodriguez-
Sanz et al.,*” it was not greater than in the other intervention groups.

Thirteen studies evaluated interventions combining cervical extensor muscle exercises with numerous
passive (hot packs, massage, manual therapy, education/pain management programme, stretching,
dry needling, graded activity, ischaemic compression or relaxation) and active (neck/trunk/shoulder
girdle/lower extremity exercises, postural or sensorimotor exercises, virtual reality neck exercises)
therapeutic modalities. Most of the cervical extensor muscle exercises were low load (n = 3) or low
load progressing towards high load (n = 7). These interventions were compared to passive (manual
therapy, physiotherapy, ischaemic compression), active (deep cervical flexor muscle exercises) or self-
management interventions that combined active and passive modalities. The effects of this category
of cervical extensor muscle interventions on pain outcomes were heterogeneous. They improved pain-
related outcomes ([%]NDI median difference: -9, [0—100]VAS median difference: -40) significantly
more than stretching®® ([%]NDI median difference: -3, [0—100]VAS median difference: -16), a self-
management programme® or a pain management programme.® Other interventions from this
cervical extensor muscle exercises category did not improve pain-related outcomes or cervical range
of motion more than other interventions, although some of them resulted in significant improvements
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in baseline outcomes.*#2546L7> Cervyical extensor muscle endurance was only assessed in three studies
that reported significantly greater improvements after the cervical extensor muscle exercises
combined with other active and passive intervention than after mainly passive treatment® or a pain
management programme,® but no difference when compared with an intervention combining cervical
extensor muscle exercises to other neck muscle exercises.®!

Discussion

The results of this systematic review highlight the current lack of knowledge of the effectiveness of
cervical extensor muscle exercises for neck pain rehabilitation and the optimal way to use such
exercises. Only two studies®®*® investigated the effectiveness of a neck pain rehabilitation programme
based on cervical extensor muscle exercises alone. In most studies, cervical extensor muscle exercises
were one component of a varied mix of therapeutic exercises. Furthermore, the dosage of the
exercises, including the cervical extensor muscle exercises, varied greatly (i.e. intensity of the exercises
and frequency and duration of sessions and the treatment programme). Regardless of the combination
of therapeutic modalities or dosage parameters, we found that several forms of exercise therapy that
included cervical extensor muscle exercises could reduce pain and disability in individuals with chronic
neck pain.

Although this systematic review is original and provides useful information, some limitations should
be acknowledged. First, the lack of trials designed to specifically assess the effectiveness of cervical
extensor muscle exercises in the management of neck pain, and the large variability of the content of
the neck pain rehabilitation programmes, prevented strong conclusions being drawn about the
effectiveness of these exercises or the optimal way to use them. Furthermore, this large variability
prevented us from conducting a meta-analysis, since the results would have been irrelevant.’® Second,
our search strategy was specific to studies about cervical extensor muscle exercises published in
English or French. Therefore, we might have missed some studies that less explicitly included such
exercises or published in another language. Third, although the PEDro assessment scale used in the
present review is a specialised methodological assessment tool for randomised clinical trials that is
frequently used in physiotherapy-related trials,”” it does not take into account the statistical power of
a trial. Fourth, although we obtained additional information by contacting several authors, poor
reporting may have led to misunderstanding of the cervical extensor muscle exercise dosages. Finally,
except for four studies, all participants included had chronic neck pain; therefore, we did not take into
account any confounding factors that might have influenced the effectiveness of the interventions
(such as aetiology’® or baseline symptoms”®).

As mentioned above, cervical extensor muscle exercises were combined with other therapeutic
interventions for all but two of the included studies. Therefore, most trials corresponded to our cervical
extensor muscle exercises category, combining them with other active and passive interventions. They
included a wide range of active interventions (targeting coordination between the different neck
muscles and/or the different shoulder muscles or muscle endurance/strength, as well as postural
balance, oculomotor control or aerobic capacity), combined with various passive interventions (such
as massage, dry-needling, manual therapy, therapeutic education, ergonomics, stretching, etc.). Such
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multimodal treatment is recommended for subacute and chronic neck pain.* Indeed, although the
strongest treatment effects are produced by interventions that include exercise,?® the addition of
passive interventions (such as manual therapy, ischaemic compression or education) to exercise seems

80-83

to enhance the effect of exercise therapy, as observed by Lytras et al.>® More studies are needed

to determine the effect of cervical extensor muscle exercises within multimodal programmes.

Although clinical practice guidelines for chronic neck pain management recommend the use of an
individualised and progressive exercise programme,*° the optimal dosage parameters for the use of
exercise therapy, including cervical extensor muscle exercises, remain unclear.?®® This may explain
the wide variety of exercise dosage parameters found in the 27 trials included in the present review in
terms of intensity (from low load to high load), frequency (from one session per day to one session per
month) and duration (from 2 weeks to 16 weeks). However, according to our results, most studies used
one session per week of progressive low to high load exercises over 6 weeks in combination with twice-
daily home exercises. One included study®® found a similar reduction of neck pain intensity and
disability using isolated low load cervical extensor muscle exercises (specific exercise with resistance
applied to C2 to specifically activate the semispinalis cervicis muscle, which is likely to be impaired in
people with neck pain!>®8) or high load cervical extensor muscle exercises (with resistance applied
to the occiput). Similar results have been found for cervical flexor muscle interventions.3® Furthermore,
several recent meta-analyses concluded that both low and high load exercises could reduce pain and
disability to a similar extent.?282398 Much less is known about the influence of the other dosage
parameters, such as duration or frequency, on outcomes. O’Riordan et al.,®” based on its meta-analysis,
suggest that an optimal exercise intervention for chronic neck pain should last between 30 to 45 min,
three times a week, during at least 6 weeks. The more recent meta-analysis by Polaski et al.® reported
a significant, positive correlation between exercise therapy duration (in weeks) and reduction in pain
in people with neck pain. Furthermore, they developed a predictive model that indicated that
increasing in the number of sessions per week should increase the analgesic effect.

With regard to the primary aim of this review that was to determine the specific effect of cervical
extensor muscle exercises on neck pain, few conclusions can be drawn. Giménez-Costa et al.> found
a significant reduction in pain immediately after a 6-week intervention composed of either high or low
load cervical extensor muscle exercises and a reduction in disability that was maintained 6 months
after the intervention. Suvarnnato et al. also found similar reductions in pain intensity and disability
after low load cervical extensor muscle exercises and deep cervical flexor muscle exercises.>®
Furthermore, the effects of both interventions were greater than that of usual care. However, the
study was of low quality (Pedro score 5/10). Although these results need to be confirmed in high-
quality studies, they suggest that cervical extensor muscle exercises could contribute to improve
outcomes in people with chronic neck pain. It is not possible to determine from the other studies
included in this systematic review whether the addition of cervical extensor muscles within a
multimodal neck pain rehabilitation programme improved outcomes since none evaluated this.

These results suggest that cervical extensor muscle exercises, either alone or combined with other
active or passive interventions, could contribute to reducing pain intensity and disability in individuals
with neck pain or whiplash-associated disorders. The analgesic effect could be attributed to several

86,89

factors. Firstly, both low load and high load exercises could drive a systemic analgesic process®

that is mediated by central®* and peripheral mechanisms.®? Secondly, low load exercises seem to more
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effectively improve muscle coordination by either reducing superficial muscle activity® or, as shown
in one of the studies included, increasing the directional specificity of muscle activity.>? This can lead
to a more economical®® and efficient use of the muscles in the area. Thirdly, exercising could reduce
psychosocial factors involved in pain, such as anxiety® or kinesiophobia.” Although most studies
included in this review reported improvements in several outcomes, the magnitude of change, both at
the short-term and long-term follow-ups, was often statistically significant but clinically small. This is
consistent with the report by Sterling et al.?° that exercise therapy has only modest effects on pain and
disability in individuals with chronic neck pain. Therefore, further efforts are needed to improve the
effectiveness of neck pain rehabilitation programmes. This might be done by considering the specific
bio-psycho-social contributors to the symptoms and the functional aims and expectations of each
individual when determining individual management programmes, as proposed by Booth et al.®*
Regarding neck exercise prescription, the muscles targeted (neck flexors and/or extensors and/or
shoulder girdle muscles) and the intensity and duration of the exercise programme should be adapted
to the functionally relevant muscle impairments®® and should be in line with the individual's
preferences®® and functional goals. Further studies are needed to investigate the potentially greater
effectiveness of such individualised exercise therapy which should be included within a multimodal
management strategy as recommended by the clinical guidelines.

Clinical Messages

e Cervical extensor muscle exercises (low load and/or high load) could reduce neck pain and disability
in adults with chronic neck pain.

¢ As the optimal dosage parameters for neck pain rehabilitation remain unclear, neck muscle exercise
should be individualised and guided by the therapeutic goals.

¢ As chronic neck pain is multifactorial, cervical extensor muscle exercises should probably be more
specifically considered in the presence of their functional impairments, being a part of a multimodal
rehabilitation programme.

o Effectiveness of neck pain rehabilitation programmes might be improved if individualised based on

clinical assessment.
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Appendix

APPENDIX 1: SEARCH STRATEGIES

(A) MEDLINE:

1. Physical Therapy Modalities/

2. Physical Therapy Specialty/

3. Exercise Movement Techniques/

4, Exercise Therapy/

5. Muscle Stretching Exercises/

6. Manipulation, Orthopedic/

7. Manipulation, Spinal/

8. Therapy, Soft Tissue/

9. REHABILITATION/

10. Musculoskeletal Manipulations/

11. Physical therap*.ti,ab,kf.

12. Exercise*.ti,ab,kf.

13. stretching.ti,ab,kf.

14. (Manipulati* adj2 (cervical or spinal or orthopedic or therap* or musculoskeletal)).ti,ab,kf.
15. soft tissue therapy.ti,ab,kf.

16. rehabilitation.ti,ab,kf.

17. manual therap*.ti,ab,kf.

18. physiotherap*.ti,ab,kf.

19. lor2or3or4or5or6or7or8or9o0rl0orllorl2ori3orl4orl5o0rl6orl7ori8
20. Muscle Weakness/

21. Muscular Atrophy/

22. Muscular Disorders, Atrophic/

23. CONTRACTURE/

24. Musculoskeletal Abnormalities/

25. (Musc* adj2 Weakness*).ti,ab,kf.

26. ((Musc* or disuse) adj4 Atroph*).ti,ab,kf.
27. Contracture*.ti,ab,kf.
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28. (musc* adj2 abnormalit*).ti,ab,kf.

29. neural control.ti,ab,kf.

30. sensorimotor control.ti,ab,kf.

31. movement control.ti,ab,kf.

32. motor control.ti,ab,kf.

33. neuromuscular adaptation*.ti,ab,kf.

34, (musc* adj2 dysfunction*).ti,ab,kf.

35. 200r2lor22or23or24or250r26o0r27o0r28o0r29or30or3lor32or33o0r34
36. Whiplash Injuries/

37. Neck Muscles/

38.  NECK/

39. Neck Pain/

40. Whiplash.ti,ab,kf.

41. neck.ti,ab,kf.

42. cervical.ti,ab,kf.

43, semispinalis cervicis.ti,ab,kf.

44, splenius capitis.ti,ab,kf.

45, cervicalgia*.ti,ab,kf.

46. cervicodynia*.ti,ab,kf.

47. neckache* ti,ab,kf.

48. 36 or37o0r38or39o0r40o0r4l1or42ord3orilord5ord6ori7
49. 19 and 35 and 48

(B) Scopus:

1. exercise

2. physical therap

3. stretching

4. (manipulati AND (cervical OR spinal OR orthopedic OR therap OR musculoskeletal))

5. soft tissue therapy

6. rehabilitation

7. manual therap
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8. physiotherapy

9.10R20R30R4

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.

10R20R30OR40R50R60R70RS
musc AND weakness

(musc OR disuse) AND atroph
contracture

musc AND abnormality

neural control

sensorimotor control

movement control

motor control

neuromuscular adaptation

musc AND dysfunction
110R120R130R140R150R16 OR170R 18 OR 19 OR 20
whiplash

neck

cervical

semispinalis cervicis

splenius capitis

cervicalgia

cervicodynia

neckache

22 OR23 0OR24 OR250R 26 OR 27 OR 28 OR 29
10 AND 21 AND 30

APPENDIX 2: LIST AND REFERENCES OF EXCLUDED ARTICLES

The following studies were excluded for reasons listed below:

* Wrong study design (n=7): 1-7

¢ Wrong intervention (n = 36): 8-43

¢ Wrong population (n = 10): 44-53

* Wrong outcome (n=1): 54

a # LIEGE
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