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Hospital, Finland

Received 3rd July 2007; returned for revisions 31st October 2007; revised manuscript accepted 21st November 2007.

Objective: To compare the effectiveness of a 12-month home-based combined

strength training and stretching programme against stretching alone in the treatment

of chronic neck pain.

Design: A randomized follow-up study.

Participants: One hundred and one patients with chronic non-specific neck pain

were randomized in two groups.

Intervention: The strength training and stretching group was supported by 10 group

training sessions and the stretching group was instructed to perform stretching

exercises only as instructed in one group session.

Main outcome measurements: Neck pain, disability, neck muscle strength and

mobility of cervical spine were measured before and after the intervention.

Results: No significant differences in improvement in neck pain and disability were

found between the two training groups. Mean (SD) pain decreased from 64 (17) mm

by 37 (95% confidence interval (CI) 44 to 30) mm in the strength training and

stretching group, and from 60 (17) mm by 32 (39 to 25) mm in the stretching group.

The improvements in disability were significant in both groups (P50.001), while the

changes in neck strength and mobility were minor. Training adherence decreased

over time from the targeted three sessions a week, ending up at 1.1 (0.7) times a

week for strength training and stretching group and 1.4 (0.8) times a week for

stretching group.

Conclusions: No statistically significant differences in neck pain and disability were

observed between the two home-based training regimens. Combined strength

training and stretching or stretching only were probably as effective in achieving a

long-term improvement although the training adherence was rather low most of

the time.
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Finland. e-mail: arja.hakkinen@ksshp.fi

� SAGE Publications 2008
Los Angeles, London, New Delhi and Singapore 10.1177/0269215507087486

 at Universiteit Maastricht on October 6, 2009 http://cre.sagepub.comDownloaded from 

http://cre.sagepub.com


Introduction

The aetiology of chronic neck pain is multimodal.1

Prevalence reportedly varies from 5% to 10%.1–3

Although the complaint is not life-threatening,
neck pain and stiffness may considerably affect
patients’ physical and social functioning. Neck
pain is also often a cause of absence from work.4

Further, patients with chronic neck pain use
health care services twice as much as the general
population.5

Systematic meta-analyses of randomized studies
show that passive physical therapies are ineffective
treatment of chronic neck pain in the long term.6

The authors of the latest systematic review con-
clude that the role of active training in chronic
neck disorders is unclear.7 Various studies indicate
that benefits are achieved initially by short train-
ing periods from two to three months, but that
the gains disappear at long-term follow-ups.8,9

However, a 12-month neck muscle strength train-
ing and stretching period was found to reduce
neck pain more efficiently than the stretching exer-
cises alone in women with chronic neck pain.10 In
that study rehabilitation began with a 12-day insti-
tutional training period during which the patients
were instructed on a specific training programme
and motivated for long-term home-based training.
The aim of the present study was to evaluate
whether long-term combined neck strength and
stretching training would also show greater gains
than stretching-only exercises, when the rehabilita-
tion is implemented in outpatient clinics.

Participants and methods

The major occupational health care centres in
the district were informed about the intervention
study and asked to tell their clients about it.
A screening questionnaire regarding current
health and symptoms was mailed to 262 volunteers
to confirm their status with regard the study cri-
teria (Figure 1). The inclusion criteria were: age
25–53 years and duration of non-specific neck
pain for more than six months. Exclusion criteria
were specific disorders of the cervical spine, such
as disk prolapse, spinal stenosis, post-operative
conditions, severe trauma, hypermobility,

spasmodic torticollis, frequent migraine, periph-
eral nerve entrapment, fibromyalgia, shoulder
diseases, inflammatory rheumatic diseases, severe
psychiatric illness or other conditions preventing
physical loading, and pregnancy.

Of those who responded, 127 were excluded on
the basis of the returned questionnaire (42 other
on-going therapies in process, 42 neck pain less
than 30mm, 26 neck pain duration less than six
months, 17 specific diseases, two older than 53
years). Of the 135 subjects who attended the
study-related medical examination, 21 were
excluded: 10 specific diseases, seven mild neck
pain (530mm), three other on-going therapies in
process, one moving out of the catchment area.
In addition, 13 withdrew for personal reasons;
busy at work, lack of time for exercise, expecta-
tions of receiving personal treatment, interest only
in having a specialist examination. Finally, 101
patients were included in the study (Table 1). All
the patients gave their written consent before
entering the study.

The patients were assessed at the baseline and at
2 and 12 months. Baseline variables included date
of birth, sex, weight, height, duration of symp-
toms, use of analgesics and smoking. Subjectively
perceived neck pain was assessed on a visual ana-
logue scale (VAS)11 and disability by the modified
Neck and Shoulder Pain and Disability Index12

and the Neck Disability Index.13 The participants
were also asked to describe how the intervention
affected their neck pain on a 6-point scale (1 indi-
cating much more pain and 6 indicating complete
relief from pain). In addition, visits to a physician,
therapies received and number of days on sick
leave during the follow-up were collected. Other
outcome measures were maximal isometric neck
strength14 and neck range of motion (ROM).15

Assessments were carried out by an experienced
physiotherapist blinded to the patient’s group
assignment.

Randomization and treatments
Patients were stratified by gender and catch-

ment area (four study centres) and then in the
order of enrolment randomized pair-wise into
either the strength training group or stretching
group. A staff member, who was not otherwise
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involved in the study, did the randomization by
flipping a coin.
The strength training programme was planned

to improve in particular the stability, strength and
posture of the neck. Patients used elastic rubber
bands (Rehband, X-hard Solletuna, Sweden)
attached to a leather strap worn around the head
for the isometric neck exercises. During each
session they performed three series of 15 repeti-
tions for the neck flexor muscles; one series

directly forwards and one series each obliquely
towards the right and towards the left. For neck
extensor muscles a single series of 15 repetitions
was performed backwards.10 The aim was to
maintain the level of resistance at 80% of the
patient’s maximum isometric strength as recorded
at the baseline and at the follow-up assessments.
The load was checked with hand-held digital scales
(Rapala, China) during the supervised group
training sessions. The shoulders and upper

41 (86%) completed 12-month trial
(48 included in the analysis)

45 (85%) completed 12-month trial
(51 included in the analysis) 
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4 lost to follow-up
1 excluded

(Fibromyalgia)
4 lost to follow-up

49 attended
follow-up at 2 months.

46 attended follow-up
at 2 months

3 discontinued
the exercises

49 assigned to strength training
and stretching group

52 assigned to stretching
group

3 discontinued
the exercises

101 were randomized

 21 excluded after clinical
examination

13 withdrew for personal
reasons

135 invited to medical examination

127 excluded on basis of the
questionnaire

262 women volunteered
for the study

Figure 1 Participant flowchart.
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extremities were trained with dumbbell shrugs,
presses, curls, bent-over rows, flyers, and pullovers
using each in a single series of 15-repetition with
the highest load possible. The training programme
also contained one series of a dynamic abdominal
exercise against body weight while lying supine, a
back exercise while lying prone and a leg exercise
in which squats were performed until tiredness.
The supervised strength training sessions were
organized for 6–8 patients in each group, once a
week for six weeks at the beginning of the training
period and thereafter one session every second
month.

Both groups were instructed on how to stretch
the muscles in the region of the neck, shoulders
and upper extremities. The stretching group had
instructions in a single group session, while
strength and endurance group had instructions
during strength training group sessions.

All the patients were encouraged to perform the
home training regimen three times a week and to
keep a weekly exercise diary throughout the train-
ing year. The training instructions were given by
specially trained physical therapists in four study
centres. In addition all patients were given verbal
instructions and written material on self-treat-
ment, including the basic anatomy and function
of the neck, benign nature of neck pain, use of
heat/cold packs, good posture, ergonomics and
the exercises to be performed in their group.

Sample size estimation and statistical analysis
The intended sample size was based on the pri-

mary hypothesis (neck pain). The target sample
size of about 100 (50 in each group) was calculated
to ensure at least 90% power to detect a 30%
difference in change of neck pain between the
treatment groups using two-side a¼ 0.05. The
estimation is based on that used in a previous
study by Ylinen et al.10

Clinical outcome variables were analysed by the
intention-to-treat principle with the last observa-
tion carried forward (LOCF). The results were
expressed as means and standard deviations (SD).
The most important descriptive values were
expressed with a 95% confidence interval (95%
CI). The normality of variables was evaluated by
the Shapiro–Wilk statistic. Statistical comparison
among the groups was done using the chi-square
test, Fisher’s exact test, and t-test or analysis of
covariance (ANCOVA) taking baseline values as
covariates. Effect size (‘d ’) was calculated by
using the method of Cohen16 for paired samples
(mean baseline scores minus mean follow-up
scores, divided by the pooled standard deviation).
Effect size of 0.20 was considered small, 0.50 was
medium, and 0.80 was large. 95% CI values for the
effect sizes were obtained by bias-corrected boot-
strapping (5000 replications).

Results

The baseline demographic and clinical data
between the groups were similar (Table 1). Only
one patient, a woman in the strength and stretch-
ing group who was diagnosed with fibromyalgia at
the beginning of the study, was excluded from the
analyses. Three patients in both groups withdrew
from the study after the first group meeting as they
had expected more individual treatment. Four
patients in both groups dropped out after the
two-month check-up (in the strength training
group one was involved in an accident and died,
one moved out of the catchment area and two
discontinued the exercise, while in the stretching
group one moved, one was referred to orthopae-
dics owing to serious back pain, one discontinued
for personal reasons and one when the symptoms
disappeared). Finally, 86% in the strength training

Table 1 Demographic and clinical data at the baseline

Treatment groups

Stretching
(n¼ 52)

Strength training
and stretching

(n¼ 49)

Demographic
Females, no. (%) 44 (90) 47 (90)
Age, mean (SD), years 40 (10) 41 (9)
Height, mean (SD), cm 168 (6) 168 (7)
Weight, mean (SD), kg 68 (13) 71 (12)
Body mass index (kg/m2),

mean (SD)
24.3 (4.2) 25.1 (3.4)

Clinical
Duration of neck pain,

mean (SD), years
5.8 (5.7) 5.5 (5.2)

Short depression inventory
score, mean (SD)

5 (4) 4 (3)

Smoking, no. (%) 4 (8) 5 (10)
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group and 85% in the stretching group attended
the 12-month follow-up.
According to the exercise diaries the mean (SD)

strength training frequency was 2.1 (0.6) times a
week during the first two months and 1.1 (0.7)
times a week during months 3–12 (Figure 2). The
initial stretching frequency per week was 2.1 (0.7)
in the strength training group and 2.4 (0.8) in the
stretching group. The respective frequencies
during months 3–12 were 1.3 (0.7) and 1.4 (0.8)
times a week of the target 3 times/week. The
adherence to group meetings was 8 (2) times out
of 10 in the strength training group.
Neck pain decreased by 37 (�44 to �30)mm in

the strength training and stretching group and by
�32 (�39 to �25)mm in the stretching alone
group (Table 2). Most of the decrease in pain
occurred during the first two months in both
groups (Figure 3). Considerable or complete
relief from pain was obtained by 51% and 42%
of the patients in the strength training and stretch-
ing or stretching alone groups, respectively, while
6% and 2% reported that pain had become worse
due to training. Neck disability indices were sig-
nificantly lower at the 12-month follow-up in both
groups (P50.001) with no statistically discernible
difference in change between the two training
groups (Table 2). Figure 4 shows magnitude of

change in pain and disability over time.
Isometric neck muscle strength and ROM towards
flexion-extension and lateral flexion improved
significantly in both groups (Table 2). Neck exten-
sion strength in the strength training and stretch-
ing group increased slightly more than in the
stretching only group.

At the baseline the percentages of patients using
analgesics for neck pain either on demand or on a
daily basis were 45% and 41% in the strength
training and 56% and 29% in the stretching
group. The use of analgesics decreased consider-
ably in both groups during the follow-up
(Table 3). The percentage of patients visiting a
physician or using other therapies owing to neck
pain was similar between the groups during the
12-month follow-up.

Discussion

A considerable reduction in average pain and
disability was observed after one-year follow-up
period in all patients regardless whether they
were randomized either to the combined strength
training and stretching or stretching only groups,
although the training adherence was rather low

Strength training and stretching 
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most of the time. The training was conducted in
four different centres under the guidance of four
physiotherapists, but no difference in the results
between the centres was observed. Pain was
reduced by over 50%, which may be regarded as
clinically significant.17 The results are consistent
with the outcomes of other neck training
studies.9,18 The improvement in neck symptoms
was comparable to that after 12-month home-
based neck muscle strength or endurance training
preceded by a two-weeks period of institutional
rehabilitation.10 On the other hand, the decrease
of the neck pain was higher in the present stretch-
ing group than that of the earlier stretching
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Figure 3 Improvement of neck pain during the 12-month

follow-up.
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controls (decrease of neck pain was 27% and that
of the neck disability index was 14%).10 However,
the proportion of spontaneous recovery of the
observed improvements in the present study
setting cannot be estimated.
Although the duration of neck pain before the

intervention and exercise programmes was similar
in both studies, the recruitment of the patients was

different. In the study by Ylinen et al.10 doctors in
occupational health care centres in southern and

eastern Finland selected the patients for institu-

tional rehabilitation. In the present study the
subjects, who were local residents, volunteered

themselves directly. Thus, they can be supposed

to reasonably well represent patients visiting a

primary health care but may also include individ-
uals who would not normally bother actively to

seek help for the neck pain.
The systematic reviews find only limited evi-

dence for the benefit of active strengthening or

range-of-motion exercises for neck disorders.6,7

This may be due to the heterogeneity of the inter-
ventions as the length, amount and intensity of the
training as well as the target (neck muscles, upper
body, upper extremities) of the exercises vary con-
siderably. In some studies significant improve-
ments in neck function were reported after rather
short rehabilitation periods of 5–11 weeks;
however the results achieved usually disappear in
a few months.8,9,19 Viljanen et al.20 found no
increase in dynamic strength following dynamic
muscle training of the shoulders and upper extre-
mities for 12 months with mean training adherence
of once a week. The same neck strengthening
exercises as those used in the present study led to
significant increases in neck muscle strength
(69–110%), in which the participants continued
to exercise almost twice a week for 12 months.10

In the present study the mean strength training
frequency decreased rapidly from about twice a
week to once a week and the increase in neck

Effect size (within-group standardised mean change)

−3.0 −2.5 −2.0 −1.5 −1.0 −0.5 0.0 0.5 1.0

Vernon 

NSPD

Neck pain

Figure 4 Magnitude of change (baseline minus 12 months) in neck pain, Neck and Shoulder Pain and Disability Index

(NSPD) and in Vernon Neck Disability Index (Vernon). Solid dots show strength training and stretching group and open dots

show stretching group.

Table 3 Number of patients seeking treatment due to neck pain during the 12-month follow-up

Stretching (n¼ 45) Strength training
and stretching (n¼41)

P-value

Use of analgesics, n (%) 0.30
No 26 (58) 29 (71)
On demand 14 (31) 10 (24)
Daily 5 (11) 2 (5)

Visits to physician, n (%) 5 (12) 8 (18) 0.59
Receiving therapies, n (%) 17 (38) 17 (41) 0.47
Sick leave due to neck pain, n (%) 3 (7) 5 (11) 0.32

Data received from only those participants who completed the follow-up.
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strength was about 10–20%. As increases of about
10% in neck muscle strength due to repeated
testing have been observed, the actual training-
induced increases in neck muscle strength remain
rather small. Also in the present study the
increases of neck mobility were marginal. In
earlier short-term studies, the changes in the
cervical range of motion were temporary and
minor,9,18 while with intensive strength training
combined with stretching the improvements in
neck mobility at 12-month follow-up were

considerable.10

Decreased neck strength in patients with
chronic neck pain may be related to pain-induced
inhibition of the motor system as well as structural
changes in neck muscles.21–23 These reports
suggest that the strengthening exercises should
lead to morphological changes in the muscles.
Although the elastic band applied as the training
equipment in the present study is inexpensive and
feasible to conduct, it has the disadvantage that
controlling its resistance is difficult.24 It is possible
that the observed small increases in strength and
ROM in strength training group cases were not
entirely related to poor compliance, but partly
due to our inability to transfer effective self-
training outside the study centres. However, in
the present study, despite the marginal nature of
the increases in neck strength and mobility, a con-
siderable reduction in pain and disability was
reported, showing that even low load long-term
training may be effective in the majority of
subjects.

Rising health care costs have led to greater
awareness of the importance of low-cost rehabili-
tation programmes. In our previous study10 the
direct costs of the initial 12-day institutional reha-
bilitation period were 1680 euros per patient while
indoor rehabilitation requiring absence from work
would increase the indirect costs of rehabilitation
by about 827 euros per patient (estimated accord-
ing to the mean wages of female office workers in
Finland). In the present intervention the costs of
10 outpatient clinic group meetings for the
strength training and stretching group were 270
euros per patient. The stretching group had a
single group meeting at a cost of 27 euros per
participant. Further, the group meetings were
organized after working hours, causing practically

no absence from work. Given the costs of clinical
rehabilitation, a home exercise programme should
be the first resort, only more severe cases being
referred for institutional rehabilitation, which in
Finland is mostly provided by the Social
Insurance Institution.
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Intra- and inter-tester reliability and range of
motion of the neck. Physiother Can 2000; 52:
233–45.

16 Cohen J. Statistical power analysis for the beha-
vioural sciences, revised edition. Academic Press,
1988.

17 Farrar JT, Portenoy RK, Berlin JA, Kinman JL,
Strom BL. Defining the clinically important
difference in pain outcome measures. Pain 2000; 88:
287–94.

18 Bronfort G, Evans R, Nelson B, Aker P,
Goldsmith CH, Vernon H. A randomized clinical
trial of exercise and spinal manipulation for
patients with chronic neck pain. Spine 2001; 26:
788–99.

19 Chiu TT, Lam TH, Hedley AJ. A randomized
controlled trial on the efficacy of exercise for
patients with chronic neck pain. Spine 2005;
30: E1–7.

20 Viljanen M, Malmivaara A, Uitti J, Rinne M,
Palmroos P, Laippala P. Effectiveness of dynamic
muscle training, relaxation training, or ordinary
activity for chronic neck pain: randomised
controlled trial. BMJ 2003; 327: 475–79.

21 Larsson SE, Bengtsson A, Bodegard L,
Henriksson KG, Larsson J. Muscle changes in
work-related chronic myalgia. Acta Orthop Scand
1988; 59: 552–56.

22 McPartland JM, Brodeur RR, Hallgren RC.
Chronic neck pain, standing balance, and subocci-
pital muscle atrophy – a pilot study. J Manipulative
Physiol Ther 1997; 20: 24–29.

23 Ylinen J, Takala E-P, Nykänen M et al.
Association of neck pain, disability and neck pain
during maximal effort with neck muscle strength
and range of movement in women with chronic
non-specific neck pain. Eur J Pain 2004; 8: 473–78.

24 Simoneau GG, Bereda SM, Sobush DC,
Starsky AJ. Biomechanics of elastic resistance in
therapeutic exercise programs. J Orthop Sports
Phys Ther 2001; 31: 16–24.
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