
SPINE Volume 30, Number 1, pp E1–E7
©2004, Lippincott Williams & Wilkins, Inc.

A Randomized Controlled Trial on the Efficacy of
Exercise for Patients With Chronic Neck Pain

Thomas T.W. Chiu, PhD,* Tai-Hing Lam, MD,† and Anthony J. Hedley, MD†

Study Design. A randomized controlled trial with sin-
gle-blind outcome assessments.

Objective. To evaluate the efficacy of a neck exercise
program in patients with chronic neck pain.

Summary of Background Data. The effect of exercise
for patients with chronic neck pain has been investigated
in a number of studies. The efficacy is, however, ques-
tionable.

Methods. A total of 145 patients were randomly allo-
cated into an exercise (n � 67) and a nonexercise (control)
group (n � 78). Patients in the control group were given
infrared irradiation and neck care advice. In addition to
infrared irradiation and advice, patients in the exercise
group had undergone an exercise program with activa-
tion of the deep neck muscles and dynamic strengthening
of the neck muscles for 6 weeks. Subjective pain and
disability and isometric neck muscle strength were mea-
sured at baseline, 6 weeks, and 6 months. Analysis was
by intention-to-treat.

Results. At week 6, the exercise group had a signifi-
cantly better improvement in disability score (P � 0.03),
subjective report of pain (P � 0.01), and in isometric neck
muscle strength (P � 0.57–0.00) in most of the directions
than the control group. However, significant differences
between the two groups were found only in the subjective
report of pain and patient satisfaction at the 6-month
follow-up.

Conclusions. At week 6, patients with chronic neck
pain can benefit from the neck exercise program with
significant improvement in disability, pain, and isometric
neck muscle strength in different directions. However, the
effect of exercise was less favorable at 6 months.

Key words: efficacy, exercise, neck pain, randomized
controlled trial. Spine 2005;30:E1–E7

Neck pain is a common musculoskeletal disorder in the
general population. In Saskatchewan, Canada, Cote et
al1 reported the age-standardized lifetime prevalence of
neck pain was 66.7% and the point prevalence was
22.2%. It is costly in terms of treatment, individual suf-
fering, and time lost due to work absentee.2

It is generally accepted that muscles play an important
role in the support and protection of joints. Criso and
Panjabi3 suggested that muscles that have direct attach-
ments to the vertebrae are responsible for the segmental
stability through the control of the neutral zone.4 The
deep muscles of the neck, which act like dynamic liga-
ments, play an important role in maintaining the stability
of the cervical spine.5 Several studies6–9 demonstrated
that neck muscle atrophy is strongly correlated with neck
pain. However, the causal association between neck
muscle atrophy and neck pain still remains unexplained.
In the past decade, several researchers10–12 reported that
dynamic strengthening of the neck muscles for 6 to 11
weeks in patients with chronic neck pain resulted in re-
duced neck pain, increase in isometric neck muscle
strength, and decrease in disability. However, the effi-
cacy of active strengthening exercises for management of
chronic neck pain has been uncertain in the previous
studies. In some studies, only minor or short-term im-
provements were induced with active exercise, and most
of the studies did not have control groups.10–13 More-
over, the relatively small number of patients and the lack
of long-term, objective changes did not allow firm con-
clusions to be made on the overall efficacy of the treat-
ment programs.14 There is a lack of well-designed ran-
domized controlled trials to investigate the efficacy of
rehabilitation, especially in the management of chronic
neck pain.15 The current study aimed at evaluating the
efficacy of a specific exercise program for the manage-
ment of patients with chronic neck pain. The efficacy of
the exercise program was assessed subjectively by an
adapted Chinese version of neck disability score, verbal
numeric pain scale, and objectively by isometric muscle
strength measured by a multicervical rehabilitation unit.

Materials and Methods

Subjects. Patients with neck pain were recruited from two
physiotherapy outpatient departments in different regions of
Hong Kong. The inclusion criteria were: patients with chronic
neck pain (of various intensity of pain) that had lasted longer
than 3 months, age 20 to 70 years, and able to read Chinese.
Both genders were included. Patients were excluded if they had
a previous history of injury to the neck or upper back from
T1–T6, an inflammation condition, e.g., rheumatoid arthritis,
previous surgery to the neck, a history of malignancy, congen-
ital abnormality of the spine, been receiving concurrent treat-
ment, e.g., chiropractor or bone setting, contraindication for
infrared irradiation, e.g., lost of skin sensation, neurologic
signs and symptoms, e.g., muscle weakness or changes in spinal
reflex jerks, other musculoskeletal problems at the same time,
acute neck pain with no freedom of movement, received phys-
iotherapy manipulation, or training because of neck pain in the

From the *Department of Rehabilitation Sciences, Hong Kong Poly-
technic University; and †Department of Community Medicine and
Unit for Behavioural Sciences, University of Hong Kong, Hong Kong.
Acknowledgment date: July 16, 2003. First revision date: October 28,
2003. Acceptance date: April 15, 2004.
Supported by the Area of Strategic Development Fund of the Hong
Kong Polytechnic University and the Hong Kong Health Services Re-
search Committee (HSRC Ref: 821017).
The manuscript submitted does not contain information about medical
device(s)/drug(s).
Institutional funds were received in support of this work. No benefits in
any form have been or will be received from a commercial party related
directly or indirectly to the subject of this manuscript.
Address correspondence and reprint requests to Thomas T.W. Chiu,
PhD, Department of Rehabilitation Sciences, Hong Kong Polytechnic
University, Hung Hom, Hong Kong. E-mail: rstchiu@polyu.edu.hk.

E1



6 months before examination, or work-related injuries. A full
description of the study, including the randomization process,
was explained to each patient. Documented consent was ob-
tained from each patient, and the project was approved by the
Polytechnic University’s Review Board for Health Sciences Re-
search involving Human Subjects.

Randomization. Patients were randomly allocated to the ex-
ercise or the nonexercise group by using computer-generated
minimization method16 taking into account age, gender, and
degree of disability resulting from neck pain. A computer pro-
gram for randomization was installed in a notebook computer,
after the senior physiotherapist keyed in the patients’ particu-
lars the program automatically allocated the grouping of the
patient as according to the minimization theory that yielded the
smallest imbalance between the two groups. Moreover, com-
puter-based randomization also helps to establish allocation
concealment, which is an essential part of a randomized trial

Outcome Measures. The primary outcome measure of this
study was the disability scores as measured by the Chinese
version of the Northwick Park Neck Pain Questionnaire
(NPQ)17 validated by us (scale: 0 � no disability to 4 � the
worst). Secondary outcomes included the verbal numerical
pain scale (VNPS)18 (scale: 0 � no pain to 10 � worst pain), the
peak isometric strength (PIS) of neck muscles in different direc-
tions as measured by the Multi Cervical Rehabilitation Unit
(MCRU)19: medication, sick leave, and patient satisfaction.

Patients were assessed at baseline, 6 week, and at 6-month
follow-up by an independent assessor who was blinded to the
grouping.

Sample Size Calculation. The rationale for calculating sam-
ple size was as follows: From a related study17 (N � 90) using
the same questionnaire (NPQ), it was found that the mean and
standard deviation of the neck pain score were 13.99 and
5.823, respectively. Assuming that the intervention group
would improve by 50% and the control group would improve
by 25%. Assuming a 0.5 correlation between the pre and post
measurement, and the standard deviations in the pre and post
intervention measurement would be about the same, the stan-
dard deviation for their difference would be about the same as
that of the original measurement (or smaller if the correlation is
higher). Using 5% alpha, 90% power, 2-sided alternative test
on the difference between pre and post measurement, it was
estimated that 60 subjects should be required for each group.

Exercise Program. The exercise program began with one set
(10 minutes) of activation of the deep neck muscles to enhance
its ability for active stabilization of the cervical spine.20 Then
the patient was asked to perform 15 repetitions of flexion and
extension of the neck using the MCRU as a warming up exer-
cise for the superficial torque producing muscles. The resis-
tance used during the warm-up was set at approximately 20%
of the PIS. After the warm-up, dynamic training started, which
consisted of three sets of variable resistance load allowing 8 to
12 repetitions11,21–23 of full flexion and extension within pain
tolerance. A 5-minute rest between sessions was given. For the
initial training session, the dynamic weight load used for each
subject was calculated from about 30% of the PIS.11 The
weight load was increased by approximately 5% when a set of

12 or more repetitions had been achieved.24 There were two
training sessions per week for a period of 6 weeks. 11,25

Activation of the Deep Neck Muscles. The patient lay
down in the supine position with the weight of the head and the
cervical spine supported by towels under the occiput in a neu-
tral position. The patient was also requested to place the tongue
on the roof of the mouth, to keep lips together and teeth slightly
apart to discourage activity of the jaw depressors. An air-filled
pressure sensor (Stablizer, Chattanooga South Pacific, Austra-
lia) was used to monitor the subtle flatting of the cervical lor-
dosis that was expected to occur with the contraction of the
deep neck flexors. The sensor was placed subocciputally behind
the neck and inflated to 20 mm Hg, which was sufficient to fill
the space between the testing surface and the neck without
pushing the neck into lordosis. Guided by an experienced phys-
iotherapist, the patient was instructed to slowly nod the head in
an action indicating “yes,” so that the pressure level rose. The
pressure that could be achieved and held in a steady manner for
10 seconds was called the activation score.20 The patient was
asked to practice a 10-second hold at that activation score with
the visual feedback of the pressure sensor for 10 minutes with
15 seconds’ break between each hold, or until the patient felt
tired and was unable to control the contraction. Loss of control
of the contraction was reflected in a loss of pressure as demon-
strated by the air-filled pressure sensor.

Dynamic Strengthening of the Neck Muscles. The patient
sat upright in the adjustable chair with his or her trunk secured
by the trunk restraint system. The seat height was adjusted until
the lower portion of the flexion pad (or the Velcro strap, which
was secured to the extension pad, for training toward the di-
rection of extension) met the upper portion of the patient’s
eyebrow. Then the operator adjusted the flexion or extension
pads forward or backward so that the patient’s cervical spine
was aligned with the side bar of the outer head brace. The
amount of resistance used during the warming-up and the
strengthening period was adjusted by inserting the pin into
the appropriate hole between the stack of metal weights located
at the back of the chair. The operator instructed the patient to
flex or extend his head as far as possible against the resistance,
producing movement only through the cervical spine. The pa-
tient was asked to perform 15 repetitions of flexion and exten-
sion of the neck using the MCRU as a warming up exercise.
After the warm-up, dynamic training started, which consisted
of three sets of variable resistance load, allowing 8 to 12 repe-
titions of full flexion and extension within pain tolerance.

Infrared Irradiation. Infrared irradiation was given to both
the exercise group (before the exercise program) and the con-
trol group (twice a week for 6 weeks). The patient with the
back of his neck exposed was arranged in a sitting position with
his head supported comfortably over the pillows on top of a
small table. The position of the infrared lamp (Hanovia, Model
10, United Kingdom) was adjusted so that the center of the
emission coil was directly above and behind the spineous pro-
cess of the fourth cervical vertebra. The distance between the
patient and the lamp was adjusted so that the patient reported
mild comfortable warmth over the back of his neck. The irra-
diation time was 20 minutes. As infrared irradiation gives only
superficial heating (almost all energy is absorbed at a depth of
2.5 mm) and the effect is not long lasting, so it is suitable as a
control intervention.
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Data Analysis. Statistical analysis was based on the intention-
to-treat approach. Statistical significance was set at the 5%
level. A 20% improvement from the baseline values was con-
sidered to be clinically relevant.26 The exercise group was com-
pared with the control group at the baseline by two-sample
unpaired t test. After the intervention, statistical analysis for
the difference (i.e., difference between the pre and post mea-
surement) in neck disability score, verbal numerical pain scale,
and isometric neck muscle strength of the exercise and the
control groups were compared using the repeated-measure
analysis of variance. The mean difference and their 95% con-
fidence interval (CI) were calculated. Moreover, repeated-
measures analysis of variance was used to investigate whether
there was any change in muscle strength, neck disability score,
and pain scale after the intervention within each patient group,
the mean percentage difference and their 95% CI were also
calculated. �2 tests and McNemar tests were used for nominal
data comparison.

Imputation of Missing Values. The main cause of the miss-
ing data were due to those subjects who defaulted from the
follow-up measurement. All these subjects were contacted
again by phone calls to find out the reasons for default and the
treatment effect. The present study used the following methods
to impute the missing values:

1. For those subjects who defaulted from the follow-up be-
cause of dissatisfaction of the treatment effect or worsening
of symptoms after treatment: a mean percentage of worsen-
ing was calculated from all the observed subjects (both the
exercise and the control group) whose condition got worse
and the missing value was replaced by the product of the
mean percentage and the baseline measurement.
2. For those subjects whose condition was improving but
unable to come because of time constraint: a mean percent-
age of improvement was calculated from all the observed
subjects (both the exercise and the control group) whose
condition got better, and the missing value was replaced by
the product of the mean percentage and the baseline mea-
surement.
3. For those subjects whose treatment effect was unknown:
the baseline value was used for imputation.

Results

A total of 145 patients were recruited and follow-up
between September 2000 and March 2002. Patient re-
cruitment, participation, and attrition during the trial are
summarized in Figure 1. The reasons for the withdrawals
included insufficient time, dissatisfaction worsening of
symptoms, and other reasons (Figure 1). No complica-
tions occurred because of either of the treatments. No
differences were noted between those who finished the
intervention and the withdrawals in neck disability
scores (P � 0.52), pain intensity (P � 0.85), and isomet-
ric neck muscle strength (P � 0.37–0.92).

Baseline characteristics of the subjects were described
in Table 1, and the mean values of the outcome measures
for disability, pain, and neck isometric muscle strength in
the follow-up periods were presented at Table 2.

Group Differences at Baseline
No statistically significant differences were observed be-
tween the exercise group and the control group in neck
disability scores (P � 0.86), pain intensity (P � 0.28),
and isometric neck muscle strength (P � 0.10–0.98) be-
fore the intervention. Baseline clinical characteristics of
the subjects in the exercise and the control group are
shown in Table 1. More than 50% of the subjects in this
study had a history of neck pain for more than 12
months. The subjects had moderate neck pain (pain in-
tensity: 4.3 and 4.6 of 10) and a mean disability score of
1.4 of 4 (Table 1).

Change in Disability Score
After 6 weeks of treatment, both the exercise (28.8%,
95% CI, 9.0–48.6, P � 0.001) and the control group
(18.4%, 95% CI, 5.7–31.1, P � 0.001) had significant
improvement in the disability score (NPQ) (Table 3).
The exercise group had a significantly better (mean dif-
ference: 0.2, 95% CI, 0.0–0.4, P � 0.03) improvement
in disability score than the control group. Follow-up as-
sessment at 6 months demonstrated that the significant
improvement was maintained in both groups. The exer-
cise group maintained 26.5% (95% CI, 8.3–44.8) im-
provement while 14.62% (95% CI, 3.6–25.7) improve-
ment was observed in the control group. However, the

Figure 1. Participant flow and follow-up evaluation.
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difference between the two groups was statistically not
significant at 6 months (Table 4).

Change in Verbal Numeric Pain Scale
The average score of the VNPS reduced by 34.9% (95%
CI, 14.6–55.2, P � 0.01) after the 6 weeks’ treatment in
the exercise group. However, there was no significant
change in the control group (11.7%, 95% CI, �0.6–
24.0, P � 0.06). There was significantly more improve-
ment (mean difference: 1.0, 95% CI, 0.2–1.7, P � 0.01)
in pain in the exercise group than the control group (Ta-
ble 3). Follow-up assessment at 6 months demonstrated

that significant improvement in pain was maintained in
the exercise group (33.7%, 95% CI, 14.1–53.2, P �
0.001) and no significant change (P � 0.20) was found in
the control group. Again, patients in the exercise group
had better improvement of pain (mean difference: 1.2,
95% CI, 0.4–2.0, P � 0.01) at 6 months than those in
the control group (Table 4).

Change in Isometric Neck Muscle Strength
Significant improvement (26.1%–45.7%, P � 0.001) in
isometric neck muscle strength in all six different direc-
tions was observed in the exercise group after 6 weeks of
training and there was significantly better improvement
(mean difference, 0.4–2.2 lb, P � 0.57–0.00) in muscle
strength in the exercise than in the control group in most
of the directions (Table 3). However, the difference be-
tween the two groups was statistically not significant at
month 6 (Table 4).

Sick Leave Because of Neck Pain
There was a significant decrease from the baseline to
6-month follow-up in the percentage of subjects who had
taken sick leave because of neck pain for the past 3 weeks
in the exercise group (from 16.4% to 3%, P � 0.01) but
not in the control group (from 16.7% to 9.0%, P �
0.08). However, no significant difference was found be-
tween groups (P � 0.22) (Table 5).

Medication for Neck Pain
Self-reported medication usage for the past 2 weeks de-
creased from baseline to 6-month follow-up in both
groups (from 31.3% to 17.9% in the exercise group and
from 30.8% to 26.9% in the control group) (Table 5),
and no significant differences were found either within
group (P � 0.06 for the exercise group and P � 0.21 for
the control group) or between groups (P � 0.69).

Perceived Satisfaction
The mean score of patient’s perceived satisfaction at 6
week follow-up was 5.3 (11-point scale: 0 � very disap-
pointed, 10 � very satisfied) in the control group and 6.3
in the exercise group. A significant difference was found
between the two groups (P � 0.04), which was main-
tained at the 6-month follow-up (control � 5, exercise
group � 6.3, P � 0.02).

Discussion

The present study was performed as far as practicable in
accordance with previous recommendations,20,24,25 to

Table 1. Baseline Characteristics of Patients: Age,
Gender, Height, Weight, Pain History, Education, and
Exertion for the Randomized Controlled Trial

Control Exercise P*

n 78 67
Age (yr)

Mean/SD 44.3/9.8 43.3/9.7 0.52
Range 21–64 23–59

Gender (%)
Male 33.3 28.4 0.30
Female 66.7 71.6 0.69

Height (cm)
Mean/SD 159.6/8.9 159.2/11.6 0.85
Range 123–180 120–185

Weight (kg)
Mean/SD 59.1/9.1 59.3/11.1 0.91
Range 37.7–80 40–98

Pain history (%)
3–6 months 17.9 18.2 0.68
�6–12 months 16.5 25.8 0.35
�12 months 66.6 56.0 0.11

Education (%)
Primary 28.2 23.8 0.33
Secondary 57.7 55.2 0.38
Tertiary 14.1 21.0 0.55

Exertion (%)
Static work 16.7 26.9 0.37
Minimal 44.9 41.8 0.38
Moderate 26.9 19.9 0.48
Heavy 6.4 7.4 1.00
N/A 5.1 4.0 1.00

Verbal numerical pain scale†
Mean/SD 4.3/2.1 4.6/1.9 0.28

Disability score‡
Mean/SD 1.4/0.5 1.4/0.6 0.86

Strength (in 6 different
directions)

Mean/SD 7.2–11.5/
4.0–5.8

7.5–11.5/
4.2–6.1

0.10–0.98

* P values of comparison of baseline characteristics.
† Verbal numerical pain scale: 0 (no pain) to 10 (worst pain).
‡ Disability score was measured by the Chinese version of Northwrick Park
Neck pain Questionnaire: 0 (no disability) to 4 (worst).

Table 2. Mean (SD) Values of Disability (NPQ), Pain (VNPS), and Isometric Neck Muscle Strength (Strength) at
6-Week and 6-Month Follow-up

Outcome Measure

Control Exercise

6 Weeks 6 Months 6 Weeks 6 Months

NPQ 1.1 (0.6) 1.2 (0.7) 1.0 (0.5) 1.0 (0.5)
VNPS 3.8 (2.3) 3.9 (2.4) 3.0 (2.3) 3.1 (2.4)
Strength (in 6 different directions) 8.5–12.2 (4.9–6.5) 8.2–12.1 (4.1–6.4) 9.2–14.6 (5.0–7.7) 9.0–13.9 (4.0–6.9)
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ensure that it was scientifically sound and that the find-
ings were statistically and clinically relevant. Patients
came from different workplaces (office workers and man-
ual laborers) and from two typical physiotherapy outpa-
tient departments from two different regions of Hong
Kong, and should be a reasonably representative sample
of patients with chronic neck pain. They displayed pain
and disability comparable to those of typical patients
with chronic neck problems described in many previous
studies.27,28 Therefore, results of this study should be
generalizable to those patients with chronic neck pain.
As almost all eligible patients (99.3%) agreed to partic-
ipate, nonresponse bias should be small.

Improvement in the Disability Score
A number of studies11,26 demonstrated similar within-
group improvement in the disability score. In a random-
ized clinical trial, Bronfort et al12 compared the relative
efficacy of rehabilitative neck exercise and spinal manip-
ulation for the management of patients with chronic

pain. Substantial improvement in the Neck Disability
Index was observed in different groups of patients, and
no significant between-groups difference was reported
(P � 0.45). As all inferences for effectiveness should be
based only on the results of contrast between the inter-
vention and the control group, the present study demon-
strated that the exercise group had a short-term signifi-
cantly better improvement in disability score than the
control group after 6 weeks of treatment. Previous stud-
ies did not report the reasons for this improvement. We
suggested that as the disability score aims to assess dif-
ferent aspects of the clinical symptoms of neck pain
(which consist of pain intensity, daily activities, work,
and social activities29), the improvement in disability
score might be due to the combined effects of reduction
in neck pain, improvement in neck muscle strength and
to certain extent improvement in activities of daily living.

Improvement in Verbal Numeric Pain Scale
Several studies10–12,26,30 also demonstrated that inten-
sive training of the neck muscles for 6 to 12 weeks re-

Table 3. Percentage Improvement Within Each Group
and Mean Difference Between Groups in Disability
(NPQ), Pain (VNPS) and Isometric Neck Muscle
Strength* at 6-Week Follow-up

Outcome
Measure

Mean Percentage Improvement (95% CI)
(P of within-group comparison)

Mean Difference
(95% CI) P

(between-group
comparison by

ANOVA) (control
vs exercise)Control Exercise

NPQ mean 18.4 (5.7 to 31.1) 28.8 (9.0 to 48.6) 0.2 (0.0 to 0.4)
(0.00)† (0.00)† 0.03†

VNPS 11.7 (�0.6 to 24.0) 34.9 (14.6 to 55.2) 1.0 (0.2 to 1.7)
(0.06) (0.00)† 0.01†

Flex0 15.3 (3.7 to 27.0) 35.5 (14.9 to 56.1) 1.8 (0.6 to 3.1)
(0.01)† (0.00)† 0.00†

Flex20 15.5 (�13.0 to 44.0) 30.2 (9.4 to 51.0) 1.8 (0.5 to 3.0)
(0.28) (0.00)† 0.00†

Flex40 19.5 (�8.7 to 47.8) 30.2 (9.4 to 51.0) 1.8 (0.4 to 3.2)
(0.17) (0.00)† 0.01†

Ext0 19.8 (1.9 to 37.7) 42.6 (17.8 to 67.3) 2.1 (0.3 to 4.0)
(0.03)† (0.00)† 0.02†

Ext20 15.8 (�4.3 to 36.0) 45.65 (19.1 to 72.2) 2.2 (0.3 to 4.1)
(0.12) (0.00)† 0.02†

Ext40 16.4 (�2.7 to 35.5) 36.9 (15.5 to 58.3) 2.2 (0.2 to 4.1)
(0.09) (0.00)† 0.03†

Latl0 15.2 (�1.4 to 31.9) 37.2 (15.6 to 58.9) 1.3 (0.2 to 2.5)
(0.07) (0.00)† 0.02†

Latl20 15.1 (�21.4 to 51.6) 41.4 (17.4 to 65.5) 0.6 (�0.5 to 1.7)
(0.41) (0.00)† 0.29

Latr0 25.5 (7.8 to 43.1) 34.1 (10.6 to 57.5) 1.3 (�0.0 to 2.6)
(0.00)† (0.00)† 0.05

Latr20 24.1 (5.8 to 42.3) 26.1 (8.6 to 43.6) 0.4 (�1.0 to 1.8)
(0.01)† (0.00)† 0.57

Protract 17.3 (�3.5 to 38.0) 39.7 (18.4 to 61.0) 1.6 (0.1 to 3.9)
(0.10) (0.00)† 0.03†

Retract 19.2 (�0.3 to 38.6) 42.8 (17.9 to 67.7) 2.1 (0.5 to 3.7)
(0.052) (0.00)† 0.01†

Flex 0 � flexion at 0°; Flex 20 � flexion at 20°; Flex 40 � flexion at 40°; Ext
0 � extension at 0°; Ext 20 � extension at 20°; Ext 40 � extension at 40°; Latl
0 � left lateral flexion at 0°; Latl 20 � left lateral flexion at 20°; Latr 0 � right
lateral flexion at 0°; Latr 20 � right lateral flexion at 20°; Protract � protraction;
Retract � retraction.
* Isometric neck muscle strength was measured in lbs.
† P � 0.05.

Table 4. Percentage Improvement Within Each Group
and Mean Difference Between Groups in Disability
(NPQ), Pain (VNPS), and Isometric Neck Muscle
Strength* at 6-Month Follow up

Outcome
Measure

Mean Percentage Improvement (95% CI)
(P of within-group comparison)

Mean Difference
(95% CI) P

(between-group
comparison by

ANOVA) (control
vs exercise)Control Exercise

NPQ mean 14.6 (3.6 to 25.7) 26.5 (8.3 to 44.8) 0.2 (�0.0 to 0.4)
(0.01)† (0.00)† 0.08

VNPS 10.1 (�5.5 to 25.7) 33.7 (14.1 to 53.2) 1.2 (0.4 to 2.0)
(0.20) (0.00)† 0.00*

Flex0 12.6 (�1.6 to 26.7) 24.9 (7.8 to 42.1) 2.1 (�0.7 to 5.0)
(0.08) (0.00)† 0.14

Flex20 11.3 (�1.4 to 24.0) 20.3 (6.3 to 34.3) 1.0 (�0.5 to 2.4)
(0.08) (0.00)† 0.17

Flex40 6.9 (�3.3 to 17.2) 16.3 (5.1 to 27.5) 1.2 (�0.3 to 2.7)
(0.18) (0.00)† 0.12

Ext0 12.0 (�0.1 to 24.1) 21.2 (6.6 to 35.7) 1.2 (�0.7 to 3.0)
(0.050) (0.00)† 0.20

Ext20 14.7 (0.2 to 29.3) 18.7 (5.8 to 31.6) 1.3 (�0.6 to 3.2)
(0.046)† (0.00)† 0.17

Ext40 1.8 (�0.5 to 4.1) 21.4 (6.6 to 36.1) 0.1 (�1.7 to 2.0)
(0.12) (0.00)† 0.90

Latl0 14.3 (�14.9 to 43.4) 20.9 (6.5 to 35.3) 0.5 (�0.8 to 1.7)
(0.33) (0.00)† 0.45

Latl20 6.2 (�18.7 to 31.1) 14.8 (4.6 to 25.0) 1.0 (�0.3 to 2.2)
(0.62) (0.00)† 0.12

Latr0 14.9 (2.4 to 27.5) 19.3 (6.0 to 32.7) 0.1 (�1.1 to 1.4)
(0.02)† (0.00)† 0.85

Latr20 11.9 (�1.5 to 25.3) 13.4 (�1.3 to 28.1) 0.4 (�1.0 to 1.8)
(0.08) (0.072) 0.56

Protract 17.1 (�6.4 to 40.6) 16.3 (4.0 to 28.6) 0.3 (�1.2 to 1.8)
(0.15) (0.01)† 0.65

Retract 16.9 (�0.8 to 34.6) 23.1 (7.2 to 39.0) 1.2 (�0.6 to 3.0)
(0.06) (0.00)† 0.19

Flex 0 � flexion at 0°; Flex 20 � flexion at 20°; Flex 40 � flexion at 40°; Ext
0 � extension at 0°; Ext 20 � extension at 20°; Ext 40 � extension at 40°; Latl
0 � left lateral flexion at 0°; Latl 20 � left lateral flexion at 20°; Latr 0 � right
lateral flexion at 0°; Latr 20 � right lateral flexion at 20°; Protract � protraction;
Retract � retraction.
* Isometric neck muscle strength was measured in lbs.
† P � 0.05.
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sulted in significant reduction of self-reported neck pain.
However, as there was no control group in these studies,
the reduction in pain could be a result of the exercise
program or simply a result of spontaneous changes in the
course of the problem. Recently, Ylinen et al28 reported
significant decrease in pain in patients after 12 months of
active neck muscle training as compared with the control
group. However, our neck muscle strengthening pro-
gram was more specific and of shorter duration than
those in previous studies.11–12,28,31 More studies are in-
dicated to compare the effects of different exercise pro-
grams in pain reduction.

Increase in Isometric Neck Muscle Strength
Previous studies10–12,30also demonstrated significant im-
provements in neck muscle strength after exercise train-
ing of various durations. However, as all the previous
studies did not include a control group, the authors
found it difficult to attribute the improved strength to the
effect of the exercise training. In contrast to the previous
studies, we included a control group and therefore can
attribute the significant improvement in strength to our 6
weeks’ training program. It is interesting to note that
patients in the control group also had some improvement
in their isometric neck muscle strength. Other studies
have also demonstrated strength increase in the cervical
musculature even after passive treatment.11,28,32 Jordan
et al11 suggested that the gain in strength in these subjects
was likely a result of increased confidence. Ylinen et al28

explained that the strength increase in the control group
was probably due to biologic variation and learning ef-
fect due to repeated testing. Similarly Al-Obaidi et al33

suggested that an improvement in the cognitive percep-
tion of pain, and the fear-avoidance belief about physical
activities, might contribute to the improvement of iso-
metric muscle strength in patients with chronic back
pain. Future trials investigating the effect of fear avoid-
ance behavior in patients with neck pain is indicated.

Sick Leave
There was a significant decrease in the percentage of
subjects who had taken sick leave due to neck pain in the
exercise group, but there was no significant difference
between the two groups. No study data were reported in

previous studies. Exercise training might have some ben-
efits on reducing absenteeism due to neck pain. How-
ever, Deyo et al34 and Hazard et al35 suggested that re-
turn to work and absenteeism are strongly influenced by
factors unrelated to patient’s health and treatment. Further
study is needed to investigate the validity and sensitivity of
return to work and absenteeism as an outcome measure in
the rehabilitation of patients with neck pain.

Reduction in Using Medication Because of Neck Pain
Self-reported medication usage for the past 2 weeks de-
creased in both groups, but the differences were not sta-
tistically significant.

This could be due to the insufficient sample size and
lack of statistical power to detect the difference. Previous
studies11–12,26,28 also reported that decreased medica-
tion usage in the exercise group, but no significant dif-
ference was found between groups. Comparing the re-
sults of different studies is problematic because the
baseline disabilities were different. The disagreement in
results between the nonsignificant reduction in medica-
tion and significant improvement in self-report of pain in
the present study suggested that the usage of pain reliev-
ing medication is under multiple influences in addition to
the relieving of neck pain.

Perceived Satisfaction
Patients in the exercise group were significantly more
satisfied with their condition of neck pain than those in
the control group. Several studies11–12,31 documented
similar findings.

Limitations of the Present Study
Because only patients with chronic neck pain (more than
3 months’ history of neck pain) were recruited in this
study, the findings could only be applicable to patients
within this category.

The exercise program of this trial consisted of two
parts: the activation of the deep neck muscles and dy-
namic strengthening of the neck muscles with the
MCRU. It was not possible to identify the effects of each
individual part on patients with chronic pain.

The sample size of the present study did not allow
subgroup analysis of the effects of the neck exercise train-

Table 5. Percentage of Patients Taken Sick Leaves and Using Medication Because of Neck Pain

Control Exercise

P*Week 0 Week 6 Month 6 Week 0 Week 6 Month 6

% of subjects taken sick leaves for the past 3 weeks 16.7% 6.4% 9.0% 16.4% 1.5% 3.0% 0.22‡
(13) (5) (7) (11) (1) (2)

p � 0.08* p � 0.01*†
% of subjects using medication for the past 2 weeks 30.8% 23.1% 26.9% 31.3% 19.4% 17.9% 0.69‡

(24) (18) (21) (21) (13) (12)
p � 0.21* p � 0.06*

Values in parentheses are no. of patients.
* P value of within-group difference between month 6 and week 0.
† P � 0.05.
‡ P value of between-group difference at month 6.
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ing program on patients of different genders and of dif-
ferent age groups. There is also a lack of findings on these
aspects.

It should also be noted that the time spent in the ex-
ercise training and the cost of investment in the cervical
rehabilitation unit was higher in the exercise group. The
cost effectiveness of the exercise program needs to be
evaluated in future studies. The cost of the cervical reha-
bilitation unit is high at present, which may limit the
uptake of this method of treatment.

Conclusion

The results showed that after a 6 weeks’ training pro-
gram, patients in the exercise group were significantly
better in disability scores, subjective report of pain, iso-
metric neck muscle strength in most of the different di-
rections, and satisfaction than those in the control group
at week 6. However, at the 6-month follow-up, a statis-
tically significant difference was found only in the sub-
jective report of pain and patient satisfaction but not in
disability between the two groups. The effect of exercise
was less favorable at 6 months.

Key Points

● A randomized controlled trial to investigate the
efficacy of a 6-week neck exercise program has
been completed in patients with chronic neck pain.
● At week 6, patients with chronic neck pain can
benefit from the neck exercise program. However,
the effect of exercise was less favorable at 6
months.
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