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Objective: To investigate whether progressive resis-
tance training using elastic resistance bands impro-
ves neck-related disability more than general phy-
sical exercise in multidisciplinary rehabilitation of
chronic neck pain.

Design: Researcher-blinded, randomized controlled
trial.

Methods: A total of 59 patients with non-specific,
chronic neck pain (mean age 46 years, disability
(Neck Disability Index 0-100): 35.4, worst neck pain
last 2 weeks (numerical pain rating scale 0-10):
6.3) were randomized to 3-week multidisciplinary
rehabilitation including either general physical ex-
ercise or progressive resistance training with elastic
bands. Participants were instructed to continue their
respective home-based training programmes for 9
additional weeks. Outcomes were assessed at base-
line, after 3 weeks and after 12 weeks. Primary out-
come was the between-group difference in change in
the Neck Disability Index from baseline to 12 weeks.
Results: Thirty-four and 31 participants were fol-
lowed up at 3 and 12 weeks, respectively. No bet-
ween-group differences were observed, apart from
a greater increase in shoulder abduction strength
for the progressive resistance-training group at 12
weeks.

Conclusion: This study provides no evidence in fa-
vour of replacing general physical exercise with pro-
gressive resistance training using elastic resistance
bands in multidisciplinary rehabilitation of chronic
neck pain. We recommend clinicians to advise either
of these exercise-types, based on the patient’s inte-
rests and motivation.
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hronic neck pain is a main contributor to disability
worldwide, and more research is needed to iden-
tify better ways of managing the condition (1). Some
studies suggest that progressive resistance training
(PRT) of the neck and shoulder muscles is beneficial

(LAY ABSTRACT )
Here, we investigated if progressive resistance train-
ing improved neck-related disability more than general
physical exercise in multidisciplinary rehabilitation. To
this end, patients with non-specific chronic neck pain
referred to a three-week multidisciplinary rehabilitation
programme, were randomly allocated to either gene-
ral physical exercise or progressive resistance training
using elastic bands. Afterwards, they were asked to
continue with their respective exercise-program for 9
more weeks. Of the 59 who took part in the study, 31
were followed up at 12 weeks. Our main finding was
that the improvement in neck-related disability were
quite similar for the two groups. We therefore recom-
mend clinicians to prescribe either of these exercise-

\types based on the patient’ s interests and motivation./

for chronic neck and shoulder pain (2—6). Nevertheless,
a recent Cochrane Review stated that, although PRT
appears to be beneficial in the treatment of chronic
neck pain, there is insufficient evidence to make clear
recommendations (7). Similarly, current guidelines
for managing chronic neck pain provide vague recom-
mendations regarding the type of exercise that should
be preferred (8).

For low back pain it has been suggested that PRT,
targeting whole-body muscle strength, could be more
beneficial than specific back exercises, possibly due
to overall improved physical functioning (9, 10). This
could also be the case for persons with chronic neck
pain, as this condition frequently coexists with pain
in other body regions (11), and patients with chronic
pain are often deconditioned (12).

Multidisciplinary rehabilitation (MDR) is often
recommended for patients with chronic and disabling
neck pain to address both physical and psychosocial
aspects of the condition (13—15). MDR usually inclu-
des general physical exercise (GPE), patient educa-
tion, group discussions and individual meetings with
therapists (14, 16—18). In Norway, the exercise-part of
MDR typically entails an introduction to activities and
exercises that fit with the patients’ interests. However,
high-intensity strength training, such as PRT, is not
usually included. Considering the promising results of
high-intensity strength training (2—5), it is possible that
the effects of MDR could be improved by replacing
GPE with PRT.
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While conventional resistance-training equipment
is relatively spacious and expensive, elastic resistance
bands can be used as a viable alternative when perfor-
ming PRT in small clinics or at home (19, 20). This
study investigated the effects of replacing GPE with
PRT in a 3-week MDR-programme for patients with
chronic neck pain, followed by 9 weeks’ home-based
training (GPE or PRT). All PRT sessions were perfor-
med with elastic resistance bands. It was hypothesized
that greater improvement would be achieved with PRT
than with GPE in neck pain-related disability, and other
health-related outcomes.

METHODS

Study design, setting and participants

This was a single-blinded (test leaders and researchers) ran-
domized controlled trial (RCT). The trial was approved by the
Regional Committee for Medical and Health Research Ethics
in Central Norway and is registered in ClinicalTrials.gov
(NCT02420197). The results are reported in accordance with
the Consolidated Standards of Reporting Trials (CONSORT)
Statement (21).

The RCT was carried out at an outpatient hospital back- and
neck-pain clinic (hereafter termed “the clinic”) at the De-
partment of Physical Medicine and Rehabilitation, St Olavs
Hospital, Trondheim, Norway. This trial has a similar design
and recruitment procedure as a previous RCT in patients with
low back pain, and the methods are partly overlapping (22, 23).
Patient characteristics were registered at baseline, while primary
and secondary effect measures were obtained at baseline, week
3 and week 12.

A physician at the clinic screened patients for eligibility to
the MDR programme and to the RCT. Inclusion criteria were:
() chronic (>3 months) or recurrent (>2 episodes with duration
>4 weeks the past year) non-specific neck pain, (i) worst neck
pain during the last 2 weeks >4 on numerical rating scale (NRS
0-10), and (iii) 16-70 years of age. Exclusion criteria were:
(i) awaiting neck surgery, (i7) a severe somatic condition (e.g.
cancer, inflammatory rheumatic disease, severe osteoporosis),
(iii) insufficient comprehension of Norwegian
language to participate in group sessions and
complete questionnaires, (iv) psychiatric

willing to participate signed a written consent form before ba-
seline testing. Patients were consecutively randomized to either
the PRT group (intervention) or the GPE group (comparison).
Randomization (1:1) was performed with blocks of unknown
sizes varying from 10 to 20, using a web-based program pro-
vided by the Unit for Applied Clinical Research, Norwegian
University of Science and Technology.

Patients who were enrolled in the MDR programme, but were
excluded from the RCT or declined participation, were asked
to participate in a reference group to assess the generalizability
of the results. Those who accepted to participate in this group
signed a consent form and completed the baseline questionnaire.

Intervention and comparison programme

All participants received a 3-week MDR programme for chronic
neck pain at the clinic. The MDR was managed by profes-
sionals working at the clinic (physiotherapists, physicians,
social workers, and psychologists) and consisted of individual
consultations, exercise, group discussions, and patient educa-
tion targeting stress management, goal-setting, physical acti-
vity, work participation and enhanced understanding of neck
symptoms and neck anatomy. The only difference between the
groups was the exercise component, which consisted of PRT
in the intervention group and GPE (i.e. usual practice) in the
comparison group. Participants in both groups were instructed
to continue with their respective exercise programmes for the
9 weeks following completion of the MDR, i.e. 12 weeks of
PRT or GPE in total. Participants in both groups were offered 3
group-based booster sessions in weeks 5, 7 and 9. The booster
sessions were administered by physiotherapists from the clinic,
and were used to assist participants with motivation, technique
and progression related to their respective programmes.
Participants in the intervention group performed PRT with
Theraband® Elastic bands (colours: yellow-gold) 3 times per
week (supervised during weeks 1 and 3). They were also given
door anchors and handles to use with the elastic bands, and
were instructed to record all training sessions in a diary (Fig.
1). The PRT programme consisted of the exercises stiff-legged
deadlifts, flies, unilateral rows, reversed flies, lateral pulldown,
unilateral shoulder abduction (22), and specific neck flexion
and extension (Fig. 2). Each exercise was be performed until
muscular failure, i.e. unable to complete 1 more repetition with
good form, for 2 sets of 15-20 repetitions in weeks 1-2, 2 sets

Week 9 - 8-10 reps
Date:

condition expected to severely impair group Day 1

functioning, (v) alcohol or drug abuse, (vi) Exercise:
ongoing compensation claim or applying

Setl Set2 Set3 Borg
Repetitions | Band(s) Repetitions | Band(s) Repetitions | Band(s)
colour colour colour CR10

for disability pension due to neck pain, (vii) stiff-legged
engaged in high-intensity strength training :E:S"ﬂs

on a regular basis for the last 6 months, and

(viii) contra-indications for high-intensity Unilateral rows

strength training (e.g. shoulder complications

imiti ili d fli
severely limiting the ability to conduct the Reversed flies

training programme). In addition, as usual Lateral
at the clinic, patients were only enrolled to pulldown

. . ; . . Should
MDR if the physician considered it beneficial ~bauction
for the patients, based on their clinical history, Neck flexion

whether sufficient treatment had been attemp-

. . . Neck extensi:
ted in primary care, and whether patients were eck extension

Comments

motivated to participate in the programme.

Eligible patients were informed (in writing
and orally) about the study. Those who were
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Fig. 1. Training diary.
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programme could be to walk to work every day
instead of driving, do some housework every day,
and participate in a spinning class once a week.

Questionnaires

The primary outcome was the between-group
difference in neck pain-related disability from
baseline to 12 weeks, assessed by the Neck Disa-
bility Index (NDI 0-100). The NDI is a ques-

tionnaire with 10 items covering pain, personal
care, lifting, reading, headaches, concentration,
work, driving, sleeping and recreation (25).
Secondary outcomes included the between-
group difference in NDI from baseline to 3
weeks, and the between-group changes from
baseline to 3 and 12 weeks for: (7) current neck
pain and worst neck pain in the last 2 and 4
weeks, as assessed by the Numerical Pain Rating
Scale (NPRS 0-10), higher score indicates more
pain (25), (ii) number of additional pain sites
indicated on a pain drawing (0—11) (26), (iii)

Fig. 2. Elastic resistance band exercises: (A) neck extension, (B) neck flexion, (C)
squats, (D) flies, (E) reversed flies, (F) lateral pulldown, (G) unilateral row, and (H)
shoulder abduction.

of 12—15 repetitions in weeks 3—5, 3 sets of 10—12 repetitions
in weeks 6-8, and 3 sets of 8—10 repetitions in weeks 9—12.
Participants® should progress to heavier resistance bands when
they performed more repetitions than prescribed, or if they rated
a set lighter than 7 on the Borg CR10 scale (24).

The GPE programme was provided as usual at the clinic: 4
sessions in week 1, and 3 sessions in week 3. To reduce attention
bias, the intervention group also had 1 session of GPE in week
1 to match the number of supervised sessions. During the GPE
sessions, participants were introduced to various group-based
and individual activities, including circle-training, low-intensity
resistance exercises, endurance training, ball games, body awa-
reness, stretching, and relaxation techniques. Participants were
provided a home-based activity programme upon completion
of the rehabilitation at the clinic, reflecting their interests and
the physiotherapists’ recommendations. The content of the
programme varied considerably, but was focused largely on nor-
malizing activities of daily living. An example of a home-based

anxiety and depressive symptoms assessed by
Hopkins Symptom Checklist (1-4), higher score
indicates stronger symptoms (27), (iv) health-
related quality of life assessed by EQ-5D-5L
(<0-1), higher score indicates better health (28),
(v) limitation in function assessed by the patient
specific functional scale (0—10), higher score in-
dicates more limitation (29), (vi) fear-avoidance
beliefs regarding physical activity (0-24) and
work-related activities (0—42) assessed by the
Fear-avoidance beliefs questionnaire, higher
score indicates higher fear avoidance (30), (vii)
workability assessed by a single item from the
Workability Index “current workability com-
pared with lifetime best” (0—10), higher score
indicates better workability (31).

Physical measurements

Secondary outcomes also included between-
group changes in maximum voluntary isome-
tric contraction (MVC) in shoulder abduction,
neck flexion and neck extension (performed as
described in Vannebo et al. (32)), and pressure
pain threshold.

During shoulder abductor MVC (Fig. S1')
participants sat on a stool with their back against a wall, arms
held straight out from the side of the body just below shoulder
height, and elbows held in approximately 90° angle in the trans-
verse plane with the palm facing downwards. The elbow to floor
distance was registered, to ensure reliable testing conditions
from time to time. Force was recorded only for the dominant
arm, where a strap attached around the elbow joint formed a
straight line down to the force transducer, bolted to a platform.
For balance, the setup was identical for the non-dominant arm,
but without the force transducer. Participants then performed
3 shoulder abductor MVCs with 1 min rest between attempts.
Force (newton) was recorded and analysed using MuscleLab
software (version 10.3.26.0, Ergotest Technology AS, Lang-
esund, Norway). The highest value was used in the analysis.

'http://www.medicaljournals.se/jrm/content/?doi=10.2340/16501977-2370
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Pressure pain threshold (Fig. S2') was assessed by an algo-
meter (Type II Somedic Production, Sweden), using a contact
area of 10 mm. The algometer was applied at a speed of pres-
sure equal to 40 kPa/s, and held in a perpendicular angle to
the pressure point during testing. Pressure pain threshold for
musculus tibialis anterior was measured midway between the
lateral condyle of the tibia and the lateral malleolus of the fibula.
The test was performed 3 times, with 1-min rest between tests.
The mean value was used in the analysis. A similar method has
been used to assess pain sensitivity in non-painful regions of
the body for neck patients in a previous study (33).

Statistical analysis

From pilot data of the present population, sample size was

calculated for the mixed linear model analysis of the primary

outcome, NDI. The minimal detectable change for NDI has been

proposed to be 3.5 on a 0-50 scale (corresponding to 7 on a

0-100 scale) (25). However, a decrease in NDI was expected for

both groups, as they participated in MDR in the specialist care.

Hence, the sample size was calculated to detect an additional

difference of 5 points between groups (0—100 scale). With 80%

power for a delta of 5 points and assuming a standard deviation

of 9 (based on pilot data), and a 0.5 within-participant correlation

between baseline and 12 weeks, an estimated 40 participants

in each arm (80 in total) was necessary to detect a difference

between groups (p<0.05). To take dropouts into account (34),

we aimed to include 50 participants in each group (100 in total).
Effect-differences between groups

for each of the primary and secondary

outcomes were assessed separately using

mixed linear analysis with multilevel

modelling. This model of analysis does

not require imputation of missing data

(35). The group means at baseline were

combined to optimize statistical power

(35). The following levels were used in

the analysis: baseline, GPE after 3 weeks,

PRT after 3 weeks, GPE after 12 weeks,

and PRT after 12 weeks. The outcome

variable was included as the dependent

variable, group x time interaction effects

ber 2016. Inclusion was stopped without reaching the
desired number of participants, due to slow recruitment
rate and upcoming changes at the clinic. In total, 74
patients consented to participate, but 15 of these drop-
ped out prior to baseline testing (i.e. no data acquired).
Thus, baseline data was obtained from 30 and 29 parti-
cipants in the PRT and GPE groups, respectively, and
these were included in the main analysis. In total, 34
participants participated at the 3-week follow-up, while
31 participants participated at the 12-week follow-up
(see Fig. 3 for flow-chart).

Participants’ characteristics

Baseline characteristics for the GPE and PRT group
were similar at baseline (Table I). Participants mean
age was 46 (SD 10) years, 68% were women and 78%
were employed. A leisure-time exercise index score of
2 (range 0.78-3) indicated that participants were mode-
rately active at baseline (37). In addition, participants
generally reported moderate disability (NDI 35.4, SD
10.3) and moderate to strong pain in the last 2 weeks
(NRS 6.3, SD 2.1). Finally, no significant differences
were observed in the baseline characteristics between

791 not eligible for the MDR
731 followed up
individually/referred to other
instances

927 individuals assessed
for eligibility

—’
y
136 referred to the MDR

60 referred to other group

program programs
"—> 62 excluded from the study

(reasons: 56 not meeting
inclusion criteria, 6 refused
to participate)

[~

| 74 randomized |

Allocation

—

were included as the fixed effect, and
participant ID was included as random
effect (to allow for different levels for
participants in the analysis). The EQ-5D
index was calculated using a crosswalk

36 allocated to GPE

30 tested at baseline

6 early dropouts (reasons: 3 dropped out of the MDR
program, 3 no reason given)

38 allocated to PRT
9 early dropouts (reasons: 4 dropped out of the MDR
program, 2 late exclusions (due to old age and
shoulder problems), 3 no reason given)

29 tested at baseline

index calculator based on the Danish
tariff (36). Cohens d effect sizes were

A

3-weeks follow-up

A

calculated for all changes from baseline
to 12 weeks, with effect sizes 0f 0.2, 0.5
and 0.8 representing small, medium and
large effects, respectively.

The results are presented as means with

19 were followed-up

contact)

program)

9 lost to follow-up (reasons: 2 time conflict 7 no

2 dropped out (reasons: 2 dropped out of the MDR

16 were followed-up
10 lost to follow-up (6 no reason given, 4 time
conflict)

3 dropped out (reasons: 3 dropped out of the MDR
program)

95% confidence intervals (CI). A p-value
<0.05 was considered to indicate statisti-

12-weeks follow-up

A

cal significance. All statistical analysis
was performed with STATA 14 for Win-
dows (StataCorp LP, USA).

16 followed up at 12 weeks

given)

12 lost to follow up (reasons 1 sick, 11 no reason

15 followed up at 12 weeks
11 lost to follow up (reasons: 1 time conflict, 10 no
reason given)

Analysis

A 4

RESULTS

outcomes

30 included in analyses of primary and secondary

29 included in analyses of primary and secondary
outcomes

Recruitment started on 4 December
2014 and continued until 2 Novem-

www.medicaljournals.se/jrm

Fig. 3. Participant flow. MDR: multidisciplinary rehabilitation; GPE: general physical exercise;
PRT: progressive resistance training.
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General physical exercise Progressive resistance training Reference group

Characteristics at baseline (n=30) (n=29) (n=39)
Age, years, mean (SD) 48.2 (10.6) 44.6 (8.1) 49 (12)
Women, % 63 72 58

BMI, kg/mz, mean (SD) 27 (5) 25 (4) N/A
Married or live-in partner, % 67 79 67

Higher education (high school), % 30 41 37
Employed (full-time or part time), % 73 83 76

Sick listed (fully/partially), % 33 48 62

Work assessment allowance® or disability pension, % 33 32 15

Work description/Physical work demands

Much sitting, % 57 59 42

Much walking, % 21 18 26

Much lifting and walking/heavy physical labour, % 22 23 32
Self-reported health right now

Poor/Not so good, % 67 72 75
Good/Very good, % 33 28 25
Leisure-time exercise index (1.18-3.00), mean (SD) 1.98 (0.61) 2.01 (0.48) 2.01 (0.66)
Have used analgesics for neck pain the last week, % 60 55 57

>1 year duration of current neck pain, % 87 80 82

Neck Disability Index (0-100), mean (SD) 35.4 (9.8) 35.3 (10.8) 35.9 (2.3)
Current neck pain (0-10), mean (SD) 4.4 (1.9) 4.2 (2.1) 4.8 (2.0)
Worst neck pain last 2 weeks (0-10), mean (SD) 5.9 (1.9) 6.7 (2.2) 6.1 (1.9)
Worst neck pain last 4 weeks (0-10), mean (SD) 6.8 (2.1) 7.4 (1.7) 7.0 (2.0)
Additional pain sites (0-10), mean (SD) 3.5 (3.0) 3.4 (3.0) 2.9 (2.4)
EQ-5D (<0-1), mean (SD) 0.656 (0.130) 0.702 (0.088) 0.680 (0.11)
Work Ability Index (0-10), mean (SD) 4.7 (2.2) 4.4 (2.8) 3.7 (2.5)
FABQ - Physical activity (0-24), mean (SD) 6.4 (5.5) 5.9 (3.9) 7.4 (5.0)
FABQ - Work (0-42), mean (SD) 17.2 (9.1) 17.9(7.7) 18.8 (10.5)
Patient Specific Functional Scale (0-10), mean (SD) 6.7 (2.3) 7.3 (2.0) N/A
Hopkins Symptoms Checklist 25 (1-4), mean (SD) 1.9 (0.5) 1.7 (0.5) 1.8 (0.4)
Shoulder abductor MVC strength (N), mean (SD) 180 (80) 175 (76) N/A

Neck extensor MVC strength (N), mean (SD) 163 (71) 133 (53) N/A

Neck flexor MVC strength (N), mean (SD) 119 (52) 109 (52) N/A
Pressure pain threshold (N), mean (SD) 654 (336) 621 (287) N/A

@Work assessment allowance can be applied for in Norway after being on sick leave for 1 year.
SD: standard deviation; FABQ: Fear Avoidance Belief Questionnaire, MVC: maximal voluntary isometric contraction.

participants in the RCT and the reference group (n=39,
data not shown).

Outcomes

No statistically significant differences were found bet-
ween groups on the primary outcome, between-group
change in NDI from baseline to 12-week follow-up
(Table II). At 12 weeks, the PRT group had increased
their shoulder abductor MVC strength more than the
GPE group (mean difference 17, 95% CI 2, 31). The
GPE group displayed a greater improvement in fear-
avoidance beliefs regarding physical activity at 3 weeks
than the PRT group (mean difference 2.7, 95% CI 0.3,
5.0). No statistical differences were observed for any
of the other secondary outcomes at 3 or 12 weeks,
including NPRS (current pain, worst pain in the last 2
and 4 weeks), additional pain sites, Work Ability Index,
Hopkins Symptom Checklist, EQ-5D, Fear Avoidance
Beliefs Questionnaire, patient-specific functioning
scale, neck flexor and extensor MVC strength, and
pressure pain threshold. Effect sizes in change from
baseline to 12 weeks are presented in Table SI'.
Twelve participants in the PRT group submitted
their training diaries at the end of the intervention.

On average, they had completed 3 PRT sessions per
week during the first 3 weeks, and 2.7 sessions per
week during the 9 weeks of home-based training. They
trained with a mean intensity of 7.9 (SD 0.7) on the
Borg CR10 scale.

DISCUSSION

This RCT does not provide any evidence to support
replacing GPE with PRT in MDR for patients with non-
specific chronic neck pain. No difference was observed
in the change in the NDI score (primary outcome) from
baseline to 12 weeks between the PRT group and the
GPE group. The PRT group reported lower “worst”
neck pain in the last 2 and 4 weeks at 12-week follow-
up (moderate effect sizes); however, the difference
did not reach statistical significance. We were unable
to recruit the desired number of participants and the
current trial is therefore underpowered. Nevertheless,
the change in the NDI score from baseline to 12
weeks was nearly identical between the groups and it
is unlikely that we would have observed a significant
group difference if the desired number of patients had
participated.

J Rehabil Med 50, 2018
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0.360
0.298
0.594
0.713
0.123
0.568
0.022
0.684
0.192
0.215

0.6 (-0.6, 1.8)
-0.1(-0.3, 0.1)
0.02 (-0.05, 0.09)
0.5 (-2.0, 2.9)
-3.0 (-6.7, 0.8)
-0.5(-2.1, 1.2)
17 (2, 31)
3 (-10, 16)

12 (-6, 29)
-67 (~172, 39)

6.1 (5.1, 7.1)
1.6 (1.4, 1.8)
0.72 (0.67, 0.77)
5.4 (3.5, 7.4)

16.0 (13.0, 19.0)
5.2 (3.9, 6.5)

200 (180, 221)

137 (122, 151)

173 (155, 192)

599 (504, 694)

5.5 (4.6, 6.4)
1.7 (1.5, 1.9)
0.70 (0.65, 0.75)
4.9 (3.0, 6.9)

19.0 (15.8, 22.2)
5.7 (4.5, 6.8)

183 (163, 204)

134 (119, 150)

162 (143, 181)

0.377
0.126 666 (562, 769)

0.01 (-0.06, 0.07) 0.883

2.7 (0.3, 5.0)
-2.1(-5.8, 1.5)

0.327
0.027
0.251
0.350
0.479
0.479
0.674

0.7 (0.8, 2.2)

0.6 (<0.6, 1.8)
-0.1(-0.3, 0.1)
-5 (-18, 9)

-5 (-18, 9)
-3 (-20, 13)
-75 (-170, 21)

5.6 (4.6, 6.6)
1.6 (1.4, 1.8)
0.73 (0.67, 0.78)
7.3 (5.4, 9.2)

15.9 (12.8, 18.9)
6.9 (5.7, 8.0)

186 (165, 206)

132 (117, 148)

170 (151, 188)

581 (485, 675)

5.0 (4.1, 5.9)
1.7 (1.5, 1.8)
0.72 (0.67, 0.77)
4.6 (2.8, 6.4)

18.0 (14.9, 21.1)
6.1(5.1,7.2)

191 (171, 211)

130 (115, 144)

173 (155, 191)

655 (562, 749)

4.5 (3.9, 5.2)
1.8 (1.7, 1.9)
0.67 (0.64, 0.70)
6.2 (5.0, 7.4)

17.4 (15.3, 19.6)
7.0 (6.3, 7.7)

177 (159, 196)

147 (131, 163)

636 (559, 713)

114 (101, 127)
NDI: Neck Disability Index; GPE: general physical exercise; PRT: progressive resistance training; WAIL: Work Ability Index; HSCL-25: Hopkins Symptom Checklist 25; FABQ: Fear Avoidance Beliefs Questionnaire; PSFS:

patient-specific functioning scale; MVC: maximal isometric voluntary contraction.

Shoulder abductor MVC (N)

FABQ Physical activity (0-24)
FABQ Work (0-42)
Neck flexor MVC (N)

PSFS (0-10)
Neck extensor MVC (N)

Pressure pain threshold

HSCL-25 (1-4)
EQ-5D (<0-1)

WALI (0-10)

Previous studies reporting the effect of PRT on neck
pain have been conducted in occupational settings
(2-6), while we recruited patients referred to MDR in
the specialized care. Specialized care is reserved mainly
for patients with substantial psychosocial impact (38),
and the specialist care unit requires that sufficient medi-
cal examinations and treatment options available in the
primary care setting have proven unsuccessful before
referral (i.e. active physiotherapy or other relevant treat-
ments). Supporting that our participants had a complex
symptom-picture, the mean baseline scores were above
the cut-off level for anxiety and depression (HSCL
>1.75) (39). Furthermore, the Work Ability Index score
was quite low at baseline, indicating that patients were
in a state of health where they felt unable to cope with
their responsibilities at work. Moreover, participants in
this study reported multiple pain sites in addition to their
neck pain. Widespread pain is associated with a more
complex symptom picture (11), and has been reported to
be inversely associated with recovery for patients with
chronic low back pain (40). Finally, most participants
reported more than 1-year duration of their current neck
pain and had responded poorly to previous treatment in
primary care. Thus, the chronicity and complexity of
the participants’ symptoms, in combination with the fact
that all patients participated in MDR, which included
some form of exercise, might have left limited room
for additional improvements by PRT.

We are not aware of other studies that have evaluated
the effect of PRT in combination with a comprehensive
MDR programme for patients referred to specialized
care. The effect of PRT on neck pain is mainly eva-
luated in occupational settings and/or in supervised
groups (2—6), while most of the training in the current
study was home-based. Jakobsen and colleagues found
that training at the workplace together with colleagues
had higher compliance and was more effective for
reducing neck pain than home-based training (41).
We found that compliance was quite high in the 12 of
30 patients who delivered the training diary after the
home training period (mean 2.7 sessions per week)
and the mean rating of perceived exertion indicated
that the training was very heavy. It is possible that the
actual training intensity and progression in resistance
loading, suggested to be important for reduced neck
pain and disability (42), was too low in our subjects, as
we were unable to detect improvement in neck flexor
and extensor MVC strength. It can also be assumed
that those who returned the training diary were more
compliant than those who did not.

General hyperalgesia can accompany chronic neck
pain (43). A study by Andersen and colleagues found
that PRT improved the sensitivity to pain in both the
trapezius and the tibialis anterior muscles (33). In our
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study, the pressure pain threshold of the tibialis anterior
remained essentially unchanged. However, the thres-
hold at baseline was almost double for the patients in
our study than for the office workers in the study by
Andersen and colleagues, reinforcing that these study
populations are quite different.

This study had some limitations. Despite taking
measures to maintain compliance and adherence, as
recommended (34), we were unable to reach the desi-
red number of participants, and we also experienced
some dropouts, which increases the probability for a
type II error. However, the results of this study proba-
bly reflect how replacing GPE with PRT would appear
in clinical practice where home-based training is used
and compliance will vary. The study included patients
referred to a specialized back and neck pain unit and
the results cannot be generalized to other populations.
Due to the nature of the intervention, neither patients
nor clinicians were blinded to group allocation, but as-
sessors and researchers were blinded during testing and
analyses. Furthermore, the same group of clinicians
provided PRT and GPE, and carry-over effects could
have occurred. In addition, it is possible that clinicians
were more comfortable providing the usual GPE than
the new PRT intervention, which may have favoured
the former. Importantly, the clinicians at the clinic
were involved with the planning of the interventions,
and we had regular meetings to ensure appropriate
implementation of the intervention. Finally, we cannot
exclude the possibility that some participants in the
GPE group performed resistance training in the home-
based training period. The study sample was similar to
the patients included in the reference group, indicating
that our participants were representative of the study
population they were recruited from.

In conclusion, the current RCT provides no evidence
in favour of replacing GPE with PRT using elastic
resistance bands in MDR to enhance the improvement
in neck pain-related disability. Future studies with
a higher number of participants should investigate
whether PRT could reduce pain in the neck more
than GPE. We recommend clinicians to advise either
of these exercise types for patients with moderate to
severe non-specific neck pain, based on the patient's
interests and motivation.

ACKNOWLEDGEMENTS

The study was funded by Kommunal Landspensjonskasse
(KLP), and the Norwegian Research Council through the
FYSIOPRIM project, a research programme on physiotherapy
in primary healthcare. Theraband® elastic bands used in the
study was provided by Performance Health (Akron, OH, USA).

The authors would like to thank all patients who participated
in the study, and the employees at St Olavs Hospital, Depart-

ment of Physical Medicine and Rehabilitation, Trondheim,
Norway. The authors also acknowledge the effort by Ida Reitan
Berthelsen and Lars Vikan Rise for managing booster sessions,
and Synneve Fossheim Karlsen and Atle Melleby Kongsvold
for their assistance with testing.

The authors have no conflicts of interest to declare.

REFERENCES

1. Hoy D, March L, Woolf A, Blyth F, Brooks P, Smith E, et
al. The global burden of neck pain: estimates from the
Global Burden of Disease 2010 study. Ann Rheum Dis
2014; 73: 1309-1315.

2. Andersen LL, Kjaer M, Sogaard K, Hansen L, Kryger AI,
Sjogaard G. Effect of two contrasting types of physical
exercise on chronic neck muscle pain. Arthritis Rheum
2008; 59: 84-91.

3. Andersen CH, Andersen LL, Pedersen MT, Mortensen P, Kar-
stad K, Mortensen OS, et al. Dose-response of strengthe-
ning exercise for treatment of severe neck pain in women.
J Strength Cond Res 2013; 27: 3322-3328.

4. Andersen LL, Saervoll CA, Mortensen OS, Poulsen OM,
Hannerz H, Zebis MK. Effectiveness of small daily amounts
of progressive resistance training for frequent neck/
shoulder pain: randomised controlled trial. Pain 2011;
152: 440-446.

5. Andersen LL, Andersen CH, Zebis MK, Nielsen PK, Sogaard
K, Sjogaard G. Effect of physical training on function of
chronically painful muscles: a randomized controlled trial.
J Appl Physiol 2008; 105: 1796-1801.

6. Van Eerd D, Munhall C, Irvin E, Rempel D, Brewer S, van
der Beek AJ, et al. Effectiveness of workplace interventions
in the prevention of upper extremity musculoskeletal dis-
orders and symptoms: an update of the evidence. Occup
Environ Med 2015; 73: 62-70.

7. Gross A, Kay TM, Paquin JP, Blanchette S, Lalonde P,
Christie T, et al. Exercises for mechanical neck disorders.
Cochrane Database Syst Rev 2015; 1: Cd004250.

8. Childs 1D, Cleland JA, Elliott JM, Teyhen DS, Wainner RS,
Whitman JM, et al. Neck pain: Clinical practice guidelines
linked to the International Classification of Functioning,
Disability, and Health from the Orthopedic Section of the
American Physical Therapy Association. J Orthop Sports
Phys Ther 2008; 38: A1-A34.

9. Kristensen J, Franklyn-Miller A. Resistance training in
musculoskeletal rehabilitation: a systematic review. Br ]
Sports Med 2012; 46: 719-726.

10. Searle A, Spink M, Ho A, Chuter V. Exercise interventions
for the treatment of chronic low back pain: a systematic
review and meta-analysis of randomised controlled trials.
Clin Rehabil 2015; 29: 1155-1167.

11. KamaleriY, Natvig B, Ihlebaek CM, Bruusgaard D. Localized
or widespread musculoskeletal pain: does it matter? Pain
2008; 138: 41-46.

12. Geneen L], Moore RA, Clarke C, Martin D, Colvin LA, Smith
BH. Physical activity and exercise for chronic pain in adults:
an overview of Cochrane Reviews. Cochrane Database Syst
Rev 2017; 4: CD011279.

13. Karjalainen K, Malmivaara A, van Tulder M, Roine R,
Jauhiainen M, Hurri H, et al. Multidisciplinary biopsycho-
social rehabilitation for neck and shoulder pain among
working age adults. Cochrane Database Syst Rev 2003;
2: Cd002194.

14. Buchner M, Zahlten-Hinguranage A, Schiltenwolf M,
Neubauer E. Therapy outcome after multidisciplinary
treatment for chronic neck and chronic low back pain: a
prospective clinical study in 365 patients. Scand J Rheu-
matol 2006; 35: 363-367.

15. Chou R, Co6té P, Randhawa K, Torres P, Yu H, Nordin M, et

J Rehabil Med 50, 2018



JRM

JRM

JRM

750

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

V. M. Iversen et al.

al. The Global Spine Care Initiative: applying evidence-
based guidelines on the non-invasive management of back
and neck pain to low- and middle-income communities.
Eur Spine J 2018 Feb 19 [Epub ahead of print].

Jensen IB, Bergstrom G, Ljungquist T, Bodin L. A 3-year
follow-up of a multidisciplinary rehabilitation programme
for back and neck pain. Pain 2005; 115: 273-283.
Carlesso LC, Gross AR, MacDermid JC, Walton DM, San-
taguida PL. Pharmacological, psychological, and patient
education interventions for patients with neck pain: results
of an international survey. J Back Musculoskelet Rehabil
2015; 28: 561-573.

Kamper SJ, Maher CG, Mackay G. Global rating of change
scales: a review of strengths and weaknesses and conside-
rations for design. J Man Manip Ther 2009; 17: 163-170.
Iversen VM, Mork PJ, Vasseljen O, Bergquist R, Fimland MS.
Multiple-joint exercises using elastic resistance bands vs.
conventional resistance-training equipment: a cross-over
study. Eur J Sport Sci 2017; 17: 973-982.

Aboodarda SJ], Page PA, Behm DG. Muscle activation
comparisons between elastic and isoinertial resistance: a
meta-analysis. Clin Biomech 2016; 39: 52-61.

Schulz KF, Altman DG, Moher D. CONSORT 2010 State-
ment: updated guidelines for reporting parallel group
randomised trials. BMC Med 2010; 8: 18.

Iversen VM, Vasseljen O, Mork PJ], Berthelsen IR, Borke
JBB, Berheussen GF, et al. Resistance training in addition
to multidisciplinary rehabilitation for patients with chronic
pain in the low back: study protocol. Contemp Clin Trials
Commun 2017; 6: 115-121.

Iversen VM, Vasseljen O, Mork PJ, Gismervik S, Bertheus-
sen GF, Salvesen O, et al. Resistance band training or
general exercise in multidisciplinary rehabilitation of low
back pain? A randomized trial. Scand J Med Sci Sports
2018 Mar 31. [Epub ahead of print].

Shinichiro M, Shinya Y, Fujisawa C, Domen K. Rating of
perceived exertion for quantification of the intensity of
resistance exercise. Int J Phys Med Rehabil 2013; 01.
doi:10.4172/2329-9096.1000172.

Pool 1], Ostelo RW, Hoving JL, Bouter LM, de Vet HC.
Minimal clinically important change of the Neck Disability
Index and the Numerical Rating Scale for patients with
neck pain. Spine 2007; 32: 3047-3051.

Margolis RB, Tait RC, Krause SJ. A rating system for use
with patient pain drawings. Pain 1986; 24: 57-65.
Derogatis LR, Lipman RS, Rickels K, Uhlenhuth EH, Covi
L. The Hopkins Symptom Checklist (HSCL): a self report
symptom inventory. Behavioral Science 1974; 19: 1-15.
Agborsangaya CB, Lahtinen M, Cooke T, Johnson JA. Com-
paring the EQ-5D 3L and 5L: measurement properties and
association with chronic conditions and multimorbidity in the
general population. Health Qual Life Outcomes 2014; 12: 74.
Stratford P, Gill C, Westaway M, Binkley J. Assessing
disability and change on individual patients: a report of
a patient specific measure. Physiotherapy Canada 1995;
47: 258-263.

Landers MR, Creger RV, Baker CV, Stutelberg KS. The use
of fear-avoidance beliefs and nonorganic signs in predicting

www.medicaljournals.se/jrm

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

prolonged disability in patients with neck pain. Manual
Therapy 2008; 13: 239-248.

Ahlstro L, Grimby-Ekman A, Hagberg M, Delve L. The work
ability index and single-item question: associations with
sick leave, symptoms, and health - a prospective study
of women on long-term sick leave. Scand J Work Environ
Health 2010; 36: 404-412.

Vannebo KT, Iversen VM, Fimland MS, Mork PJ. Test-retest
reliability of a handheld dynamometer for measurement of
isometric cervical muscle strength. J Back Musculoskelet
Rehabil 2018; 31: 557-565.

Andersen LL, Andersen CH, Sundstrup E, Jakobsen MD,
Mortensen OS, Zebis MK. Central adaptation of pain per-
ception in response to rehabilitation of musculoskeletal
pain: randomized controlled trial. Pain Physician 2012;
15: 385-394.

Karlsson L, Takala E, Gerdle B, Larsson B. Evaluation of
pain and function after two home exercise programs in
a clinical trial on women with chronic neck pain - with
special emphasises on completers and responders. BMC
Musculoskelet Disord 2014; 15: 6.

Fitzmaurice GM, Laird NM, Ware JH. Applied longitudinal
analysis. 1st edn. Hoboken, NJ: John Wiley: 2004.

van Hout B, Janssen MF, Feng YS, Kohlmann T, Busschbach
J, Golicki D, et al. Interim scoring for the EQ-5D-5L: map-
ping the EQ-5D-5L to EQ-5D-3L value sets. Value Health
2012; 15: 708-715.

Mork PJ, Vasseljen O, Nilsen TI. Association between phy-
sical exercise, body mass index, and risk of fibromyalgia:
longitudinal data from the Norwegian Nord-Trondelag Health
Study Arthritis Care Res (Hoboken) 2010; 62: 611-617.
Kamper SJ, Apeldoorn AT, Chiarotto A, Smeets RJ, Ostelo
RW, Guzman J, et al. Multidisciplinary biopsychosocial re-
habilitation for chronic low back pain. Cochrane Database
Syst Rev 2014; 9: CD000963.

Winokur A, Winokur DF, Rickels K, Cox DS. Symptoms of
emotional distress in a family planning service: stability
over a four-week period. Br J Psychiatry 1984; 144:
395-399.

Nordstoga AL, Nilsen TIL, Vasseljen O, Unsgaard-Tgndel
M, Mork PJ. The influence of multisite pain and psycholo-
gical comorbidity on prognosis of chronic low back pain:
longitudinal data from the Norwegian HUNT Study. BMJ]
Open 2017; 7: e015312.

Jakobsen MD, Sundstrup E, Brandt M, Jay K, Aagaard P,
Andersen LL. Effect of workplace- versus home-based phy-
sical exercise on musculoskeletal pain among healthcare
workers: a cluster randomized controlled trial. Scand J
Work Environ Health 2015; 41: 153-163.

Nikander R, Mélkia E, Parkkari J, Heinonen A, Starck H,
Ylinen J. Dose-response relationship of specific training to
reduce chronic neck pain and disability. Med Sci Sports
Exerc 2006; 38: 2068-2074.

Sundstrup E, Jakobsen MD, Brandt M, Jay K, Aagaard P,
Andersen LL. Associations between biopsychosocial fac-
tors and chronic upper limb pain among slaughterhouse
workers: cross sectional study. BMC Musculoskelet Disord
2016; 17: 104.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Association+between+physical+exercise%2C+body+mass+index%2C+and+risk+of+fibromyalgia%3A+longitudinal+data+from+the+Norwegian+Nord-Trondelag+Health+Study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dose-response+relationship+of+specific+training+to+reduce+chronic+neck+pain+and+disability
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dose-response+relationship+of+specific+training+to+reduce+chronic+neck+pain+and+disability

