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Abstract. [Purpose] To compare muscle activities and pain levels of females with chronic neck pain receiving
different exercise programs. [Subjects and Methods] One hundred females with chronic neck pain participated in
this study. They were randomly allocated into 4 groups (n = 25) on the basis of the exercises performed as follows:
strength-endurance exercise, craniocervical flexion exercise, combination of strength-endurance and craniocervi-
cal flexion exercise and control groups. Pain, disability levels and changes in the muscle activities of the cervical
erector spinae (CE), sternocleidomastoid (SCM), anterior scalenes (AS) and upper trapezius (UT) muscles were
evaluated before and after the interventions. [Results] After 12 weeks of exercise intervention, all three exercise
groups showed improvements in pain and disability. The muscle activities during the typing task were significantly
different from the control group in all three exercise groups for all muscles except those of the extensor muscles in
the craniocervical flexion exercise group. [Conclusion] The results of this study indicate that exercises for the cervi-
cal muscles improve pain and disability. The exercise programs reduced the activities of almost all cervical muscles.
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INTRODUCTION

Neck pain is a common musculoskeletal disorder that
leads to significant disability in the general population. In
a 6-month period, 54% of adults suffer from neck pain, and
4.6% experience limitations of important activities because
of neck problems?. Borghouts et al. reported that 30% of
men and 43% of women were affected by neck pain at some
time in their lives, and that the symptoms became chronic
among 10% of men and 17% of women?. The prevalence of
this condition increases with age and is greater in women
than men?.

Musculoskeletal disorders of the neck are very common
among office workers. Various factors have been identi-
fied as predisposing to neck pain, such as the duration of
computer use, sustained awkward posture, and prolonged
working with a visual display unit (VDU)> 4. A prolonged
forward head posture is commonly adopted by this occupa-
tional group, and it may be associated with musculoskeletal
disorders®. Biomechanically, sustained forward flexion of
the neck results in increased compressive loading on the
cervical spine and a creep response in the surrounding soft
tissues. Also the source of pain is excessive loading of the
cervical and shoulder girdle muscles, especially in low-load
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repetitive work which promotes over-activity of low thresh-
old motor units®. Other mechanisms, such as nociceptor
sensitization due to intra-muscular shear forces are also
considered to play a role”. These phenomena may concur-
rently increase electromyographic activity of the cervical
musculature, such as neck extensor muscles and the levator
scapulae. In addition, the superficial muscles of the neck-
shoulder region, i.e., the sternocleidomastoid, anterior sca-
lene and upper trapezius muscles, demonstrate increased
activities compared to deeper postural stabilizers like the
deep cervical flexors®. Moreover, several studies have re-
ported significantly lower maximal isometric strength of
both the cervical flexors and extensors in patients with
chronic neck pain compared to healthy controls®!'? and one
study also found weakness of the neck rotator muscles'?.
Recent studies have shown that the activities of the deep
cervical flexor muscles, such as the longus colli and longus
capitis, are impaired in persons with neck pain'?. Further-
more, the findings of a significant deficit in the ability to
maintain low or moderate load by the CCF muscles sug-
gests that head and neck postural orientation is challenged
under prolonged or repetitive circumstances in neck pain
patients. The CCF muscles may fatigue prematurely and be
incapable of controlling cranio-cervical orientation. This
potentially exposes cervical spine tissues to abnormal me-
chanical load'¥. Indeed, evidence is emerging that persons
with neck pain tend to adopt a more forward head position
when distracted'®. This has been observed despite a lack
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of postural differences in erect sitting'® 7). Moreover, re-
training the deep cervical flexor muscles has been shown
to decrease neck symptoms and increase the activation of
the deep cervical flexor muscles during performance of a
cranio-cervical flexion test'®). This may improve the capac-
ity of the cervical spine to sustain an upright posture.
Physical exercise has been recommended as a treat-
ment for musculoskeletal neck disorders! 29, While sev-
eral studies have demonstrated that pain can to some extent
be reduced by strength training'®?? or endurance train-
ing?-22_ one study found no effect of physical training on
nonspecific pain in the neck area?. A recent review showed
limited evidence for the efficacy of physical exercise in the
treatment of symptoms of the neck and/or shoulder due to
the lack of high-quality research?®. One meta-analysis con-
cluded that there was unclear and insufficient evidence in
support of the benefit of strengthening exercises for neck
pain®? and the relative benefit of different exercise ap-
proaches, such as cranio-cervical flexion of the deep cervi-
cal flexor muscles. Although there is some evidence of pain
reduction occurring following strengthening, endurance or
cranio-cervical flexion exercise'® 2% 22, it is not known how
the training influences the muscle activities of persons with
chronic neck pain during working with a computer.

SUBJECTS AND METHODS

A randomized control trial compared outcomes among 3
neck muscle exercise programs and a control group.

Subjects who participated in this study were females,
aged between 20 and 35 with a history of intermittent work-
related neck pain lasting for more than 6 months. They
worked with a computer at least 4 hours each working day.
The pain level at the time of examination exceeded 30 mm
on a visual analogue scale of 0—100 mm. Subjects were ex-
cluded if they had neck or shoulder pain from non-muscu-
loskeletal causes, demonstrated neurological signs, or had
a history of malignancy, pregnancy, or menstruation at the
time of examination.

This study received approval from the Mahidol Univer-
sity Institutional Review Board and is in full compliance
with International Guidelines for Human Research Protec-
tion, the Declaration of Helsinki, the Belmont Report, CI-
OMS Guidelines and the International Conference on Har-
monization in Good Clinical Practice. All subjects received
verbal and written information about the study and signed
a consent form.

We used a visual analogue scale (VAS) to assess pain.
The extremes were “no pain” and “pain as bad as it could
be”. The Neck Disability Index (NDI) used in this study
was the Thai version of NDI developed by Luckumnueporn
et al?®. This outcome measure was translated in accordance
with cross cultural adaptation guidelines. Surface electro-
myography (SEMG) was used to obtain electromyograms of
the: upper trapezius (UT)?®), cervical erector spinae (CE)?®,
sternal head of the sternocleidomastoid (SCM)?? and ante-
rior scalenes (AS)?? using pairs of standard adhesive sur-
face electrodes.

EMG data were collected during standardized maneu-
vers to normalize of the EMG amplitude to maximum vol-

untary contraction (MVC). Each MVC task was performed
for 10 seconds and repeated 3 times with 30 seconds rest be-
tween each repetition. MVC tasks for the normalization of
SCM and AS were performed in supine lying. The subjects
flexed the chin and lifted the head so that it just cleared the
bed and held this position'?. For the UT muscles, the sub-
ject performed shoulder elevation?®). For the CE muscles,
the subject raised and held her head 20 mm above the bed
in prone lying¥.

Neck muscle activities were measured by an 8-chan-
nel surface EMG device (Myresearch XP master edition
1.06.64 program, Naroxon INC, USA® 2006) at a frequency
of 1,000 Hz. The EMG signals were recorded using bipolar
Ag-AgCl surface electrodes. Subjects were asked to sit on
a chair with their backs supported in a comfortable posi-
tion. The EMG electrodes were attached to the skin with
hypoallergenic tape at an inter-electrode distance of 1 cm;
the inter-electrode impedance was kept below 2 KQ29).

Subjects who met the criteria were invited to partici-
pate in the study and were randomized by the slot-drawing
method into 4 groups: a strength-endurance exercise group
(group 1), a cranio-cervical flexion exercise group (group
2), a combined exercise group (group 3), and a control group
(group 4).

The strength-endurance exercise consisted of a progres-
sive resistance exercise program for the neck muscles, es-
pecially the superficial neck flexor and extensor muscles
(SCM, AS and CE). Neck flexion and extension were per-
formed in the supine and prone positions, respectively, with
the head supported in a comfortable resting position. Sub-
jects slowly moved the head and neck through the total range
of motion avoiding discomfort or symptom reproduction.
This exercise program included two phases. The first phase
of 4 weeks and the second of 8 weeks were recommended
for initiating a weight program in untrained individuals?®.
In phase one, each subject performed 12—15 repetitions with
a weight that they could lift 12 times on the first training
session (12 repetitions maximum) and progress to 15 repeti-
tions. They were maintained at this level for 4 weeks. In
phase two, subjects performed 3 sets of 15 repetitions of the
initial 12 repetitions at maximum load with one minute rest
interval between sets.

The craniocervical flexion exercise consisted of a low
load exercise for the cranio-cervical flexor muscles. Sub-
jects lay supine and slowly moved the head to the inner
range of cranio-cervical flexion, guided by feedback from
an air filled pressure sensor placed suboccipitally behind
the neck and inflated to a baseline pressure of 20 mmHg.
Subjects moved the head to increase the pressure to be-
tween 22 to 30 mmHg; and maintained this position for
10 seconds in 15 repetitions. The subjects maintained the
10-second contraction with no pain. Ten seconds rest was
allowed between each contraction. The targets of this ex-
ercise are the deep flexors of the upper cervical region, the
longus capitis and colli, rather than the superficial flexors,
which flex the neck but not the head.

The combined exercise group performed both strength-
endurance and cranio-cervical flexion exercises. First, sub-
jects lay supine and performed the cranio-cervical flexion
exercise. A five minute rest was then taken before perform-



ing the strength-endurance exercise.

Subjects in each group performed exercise every day for
12 weeks and kept a log book for monitoring. Exercise com-
pliance in this study was over 80% in all groups.

VAS and NDI were recorded before a copy-typing task.
The sEMG were recorded in two sessions during a copy-
typing task lasting 5 minutes. After exercise training of 12
weeks, VAS, NDI and sSEMG were recorded again for all
subjects. For the copy-typing task, subjects sat at a stan-
dard office desk on an adjustable office chair. They could
adjust the chair and desk before the test to obtain the most
comfortable position, but they were not allowed to move
between tasks. The visual display monitor and keyboard
were positioned directly in front of the subjects for the typ-
ing tasks. A copy-typing task was chosen over typing from
a document holder to eliminate movement of the head or
the need to change head position from document to screen
as needed for eye-hand coordination activities. The copy-
typing task was performed continuously for 5 minutes.

After finishing data collection, subjects in the control
group were advised to perform both the strength-endurance
and cranio-cervical exercises. In the strength-endurance
exercise group, subjects were trained in how to perform
deep cervical flexor muscle (CCF exercise) and subjects
in the CCF exercise group were trained in how to perform
strength-endurance exercise.

The statistical analyses of the data were performed using
SPSS version 17.0. The VAS, NDI scores and the averages
of root mean square (RMS) sEMG values were used in the
analyses. Statistical significance was accepted for values of
p<0.05. One-way ANOVA was used to identify differenc-
es in the characteristics of subjects using VAS, EMG and
NDI values before the exercise interventions among the 4
groups. Two-way ANOVA was used to evaluate the effects

Table 1. Characteristics of subjects
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of group (exercise groups) and time (pre-and post-interven-
tion) on the outcomes. A post hoc multiple comparisons test
with Bonferroni correction was used to identify differences
among groups.

RESULTS

Subjects in this study were 100 females who had a histo-
ry of intermittent work-related neck pain. The demographic
data of all groups are presented in Table 1. All subjects com-
pleted 12 weeks of exercise intervention with no dropouts.

The Neck Pain and Disability scores showed that there
was a significant interaction of group by time (p<0.001),
and significant main effects of group (p<0.001) and time
(p<0.001) in the VAS and NDI scores. Main effects analy-
sis showed that there were significant differences in VAS
between before and after in groups 1, 2 and 3 (p = 0.002),
but there were no differences between before and after in
the control group (p = 0.575). A post-hoc multiple compari-
son with Bonferroni correction was then performed. This
showed that VAS of all groups after the intervention were
significantly different except the VAS scores between group
1 and group 2. Similarly, there were significant main effects
of group (p<0.001) and time (p<0.001). For NDI scores,
main effects analysis of time (before and after 12 week)
showed that there were significant differences group 1, 2
and 3 (p = 0.001), but there was no difference in the con-
trol group (p = 0.091). The post hoc multiple comparison
with Bonferroni correction revealed that the control group
after the intervention was significantly different from all
the other groups, and that there were no differences among
the NDI scores of group 1, 2 and 3. VAS and NDI scores of
each group before and after exercise are presented in Tables
2 and 3.

Characteristics Group 1 (n=25) Group 2 (n =25) Group 3 (n = 25) Group 4 (n =25)
Age (year) 3272 (3.11) 30.40 (3.54) 30.16 (2.96) 29.32 (3.11)
Weight (kg) 50.72 (7.76) 54.56 (9.14) 49.40 (5.91) 55.28 (10.97)
Height (cm) 158.02 (7.26) 158.16 (4.88) 156.88 (5.47) 157.24 (6.41)
BMI (kg/m?) 20.32 (2.43) 22.51 (5.51) 20.24 (2.72) 23.47 (5.93)

Data are expressed in means (SD) group 1 = strength-endurance exercise, group 2 =craniocervical flexion ex-
ercise, group 3 = combination of endurance-strength and craniocervical flexion exercise, and group 4 =control

Table 2. Visual analogue scale (VAS) (mm) at the base-
line and 12 weeks

Group VAS
Baseline 12 weeks
1 55.00 (10.98) 38.68 (9.49)
2 56.04 (22.66) 43.04 (18.56)
3 61.48 (16.68) 16.88 (7.75)
4 59.04 (10.49) 61.32 (11.29)

Data are expressed in means (SD) group 1 = strength-
endurance exercise, group 2 =craniocervical flexion
exercise, group 3 = combination of endurance-strength
and craniocervical flexion exercise, and group 4 =con-
trol

Table 3. Neck Disability Index (NDI) at the baseline and 12

weeks
Group NDI score
Baseline 12 weeks
1 28.20 (5.56) 14.69 (4.64)
2 29.96 (4.51) 14.41 (4.94)
3 29.23 (5.27) 15.71 (3.01)
4 31.56 (5.14) 33.86 (5.04)

Data are expressed in means (SD) group 1 = strength-en-
durance exercise, group 2 =craniocervical flexion exercise,
group 3 = combination of endurance-strength and cranio-
cervical flexion exercise, and group 4 =control
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The results of normalized RMS sEMG values of the cer-
vical erector spinae, sternocleidomastoid, anterior scalenes
and upper trapezius muscle during the copy-typing task re-
veal that there were significant interactions of group with
time (p<0.001) for all muscles except the left AS muscle
(p=0.158). The main effect of group (p<0.001) and time
(p<0.001) was also significant for all muscles. RMS val-
ues of each group before and after exercise are presented
in Table 4. Main effects analysis showed that there were
significant differences in RMS between before and after the
exercise interventions in groups 1, 2 and 3 for the cervical
erector spinae and anterior scalenes, sternocleidomastoid
(p<0.05); (both right and left sides) and in all groups for
both the right and left of upper trapezius muscles (p<0.05).
However, there were no other significant differences be-
tween before and after in the control group (p = 0.332, p =

0.261 for right and left cervical erector spinae; p = 0.524, p
=0.775 for right and left sternocleidomastoid; p = 0.72, p =
0.985 for right and left anterior scalenes). A post-hoc multi-
ple comparison with Bonferroni correction was performed.
The analysis showed that group 4 had significantly different
RMS sEMG in all muscles from the other groups, except
the left cervical erector spinae. However, there were no dif-
ferences among the RMS sEMG values of groups 1, 2 and 3.

DISCUSSION

The results of this study support the recommendation
to use strength-endurance and the cranio-cervical flexion
(CCF) exercises for the cervical muscles as treatment in-
terventions for patients with chronic neck pain'® 29, The
results were also in agreement with previous studies that

Table 4. The root mean square (RMS) values at baseline and 12 weeks

. RMS values
Muscle Side Group ;
Baseline 12 weeks
1 14.73 (6.51) 5.91 (1.26)
. 2 17.74 (7.67) 5.88 (0.94)
Right
3 14.46 (6.82) 6.57 (1.24)
. . 4 14.93 (6.98) 13.50 (4.18)
Cervical erector spinae
1 15.03 (5.59) 6.80 (1.11)
2 16.49 (7.28) 6.60 (1.13)
Left
3 15.28 (7.04) 6.98 (0.98)
4 14.44 (4.59) 12.95 (4.11)
1 775 (4.24) 2.19 (0.93)
. 2 8.18 (5.07) 1.86 (0.65)
Right
3 7.13 (3.59) 2.37 (1.03)
. . 4 7.77 (6.35) 8.59 (8.15)
Sternocleidomastoid
1 5.99 (5.74) 1.68 (0.63)
2 7.24 (8.06) 1.42 (0.39)
Left
3 7.02 (7.21) 1.50 (0.62)
4 7.33 (7.15) 6.89 (5.58)
1 12.38 (6.62) 3.38 (0.81)
. 2 13.41 (8.97) 3.61 (1.33)
Right
3 10.60 (4.91) 3.44(0.57)
. 4 12.88 (11.19) 12.26 (4.15)
anterior scalenes
1 7.72 (5.24) 4.08 (1.34)
2 10.17 (12.01) 3.91 (1.13)
Left
3 8.37 (6.34) 4.10 (1.12)
4 10.50 (10.82) 10.53 (7.75)
1 22.53 (13.33) 5.90 (3.09)
. 2 19.45 (10.42) 6.30 (3.43)
Right
3 16.60 (8.23) 4.83 (2.49)
. 4 16.18 (8.77) 21.98 (13.68)
Upper trapezius
1 16.52 (11.26) 4.92 (1.89)
2 14.34 (7.21) 5.06 (1.38)
Left
3 15.43 (9.12) 4.60 (1.76)

4

13.59 (10.36) 23.66 (18.30)

Data are expressed in means (SD) group 1 = strength-endurance exercise, group 2 =craniocervical
flexion exercise, group 3 = combination of endurance-strength and craniocervical flexion exercise, and

group 4 =control



demonstrated that pain can be reduced by strength train-
ing!°?? and endurance training?" 22. Moreover, general
exercises like strength and endurance training, as well as
specific exercises such as cranio-cervical flexion of deep
cervical flexor muscles have been shown to decrease neck
symptoms'®.

In the present study, the neck pain and disability index
significantly improved after 12 weeks of exercise interven-
tion in all the exercise groups. This indicates that exercise
caused the changes in VAS and NDI score of females who
had chronic neck pain. This result was in agreement with
previous studies?® 3% which showed the same trend of de-
crease in NDI score and VAS after exercise interventions.
The improvement in pain and disability in the three exer-
cise groups were not only statistically, but also clinically
significant. The decrease in VAS was 16.32 mm in the
strength-endurance exercise group, 13 mm in the CCF ex-
ercise group and 44.6 mm in the combined exercise group.
The decreases in NDI score were 13.51 in the strength-en-
durance exercise group, 15.55 in the CCF exercise group
and 13.52 in the combined exercise group. The reductions in
pain and neck disability were significantly different among
the control and all three exercise groups. There was a ten-
dency of greater reduction in neck pain in the combined ex-
ercise group compared to the strength-endurance exercise
and CCF exercise groups.

The muscle activities during the typing task showed dif-
ferences between before and after in all the exercise groups,
but there was no significant difference between before and
after the intervention in the control group in both the right
and left cervical erector spinae, sternocleidomastoid, and
anterior scalenes. This result indicates that the exercise in-
terventions caused changes in muscle recruitment during
the typing task. The upper trapezius muscle on both the
right and left sides showed a significant reduction in muscle
activity after the interventions in all the exercise groups.
There was a trend of increased in RMS in the control group,
which performed no exercise intervention, and there were
no significant differences among the RMS values of the
three exercise groups. The subjects in the control group had
RMS values that were greater than those of the other groups.
This indicates that the exercise interventions of groups 1, 2
and 3 had the effect of decreasing the RMS value, whereas,
the control group showed no change in RMS values during
the typing task.

The mechanisms involved in the improvement in the
strength-endurance exercise group might have been im-
proved coordination, increased motor unit recruitment, an
increased firing rate in each unit’), and an increase in the
number of capillaries in the muscle within 10 weeks??, all
of which would have contributed to improvement of mus-
cular fatigue in chronic neck pain. In the CCF exercise
group, the benefits might have accrued from a combination
of improvement in neuromuscular efficiency and cervical
motor control strategies improving the deep cervical flexor
muscle. Therefore, the decrease in of cervical muscle acti-
vation seen in this study might have been effected by these
combined mechanisms operating on the neck extensor,
superficial flexor and deep cervical flexor muscles. More-
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over, several studies have shown that people with neck pain
demonstrate decreased ability to relax the anterior scalene
and sternocleidomastiod muscles following activation”).
The upper trapezius has also been shown to have a reduced
ability to relax following repetitive arm movements and has
reduced muscle rest periods during repetitive tasks®). The
present study revealed decreases in RMS of the cervical
erector spinae, upper trapezius, anterior scalene and ster-
nocleidomastoid muscles which might have improved the
ability to relax the muscles and changed the motor control
strategy during the typing task.

This study provided evidence of an exercise effect on the
pain levels, NDI scores and RMS values of subjects who
performed exercise for 12 weeks. The results of this study
indicate that pain levels and NDI scores decreased after ex-
ercise intervention. The reduction of RMS after 12 weeks
exercise intervention suggests that strength-endurance ex-
ercise and the combined exercise are effective at decreas-
ing the muscle activities of the upper trapezius, cervical
erector spinae (CE), sternal head of the sternocleidomastoid
(SCM) and anterior scalenes (AS) when performing tasks.
CCF exercise is effective at decreasing muscle activity in
the superficial flexor muscles. The results should encourage
therapists to prescribe strength-endurance exercise, cranio-
cervical flexion exercise and combined exercise for patients
with chronic neck pain.

A limitation of this study is that it is not possible to gen-
eralize the results to the general population because the
subjects were females with chronic neck pain. Therefore, it
might not be possible to extrapolate the results to subjects
with neck pain disorders of other etiologies such as whip-
lash injuries.

Further study is necessary to investigate the effect of
longer durations of training, such as 6 months or more, be-
cause the muscle activities seen in this study showed no sig-
nificant difference among the exercise intervention groups.
The effects might be varied in other neck pain conditions,
or in men. Moreover, the severity of neck pain such as mild,
moderate or severe pain may influence the muscle activities
after exercise intervention.

REFERENCES

1) Coté P, Cassidy J, Carroll LJ, et al.: The annual incidence and course of
neck pain in the general population: a population-based cohort study. Pain,
2004, 112: 267-273. [Medline] [CrossRef]

2) Borghouts JA, Koes B, Bouter LM, et al.: The clinical couse and prognostic
factors of non-specific neck pain: a systematic review. Pain, 1998, 77: 1-13.
[Medline] [CrossRef]

3) BrandtLP, Andersen J, Lassen CF, et al.: Neck and shoulder symptoms and
disorders among Danish computer workers. Scand J Work Environ Health,
2004, 30: 399—409. [Medline] [CrossRef]

4) Straker LM, Mekhora K: An evaluation of visual display unit placement
by electromyography, posture, discomfort and preference. Int J Ind Ergon,
2000, 26: 389-398. [CrossRef]

5) Hanten W.P., Lucio R.M., Russell J.L., et al.: Assessment of total head
excursion and resting head posture. Arch Phys Med Rehabil, 1991, 72:
877-880. [Medline] [CrossRef]

6) Sjegaard G, Lundberg U, Kadefors R, et al.: The role of muscle activity and
mental load in the development of pain and degenerative processes on the
muscle cellular level during computer work. Eur J Appl Physiol, 2000, 83:
99-105. [Medline] [CrossRef]

7) Visser B, Van Dieen J: Pathophysiology of upper extremity muscle disor-
der. J Electormyogr Lomrdopl, 2006, 16: 1-16. [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/15561381?dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2004.09.004
http://www.ncbi.nlm.nih.gov/pubmed/9755013?dopt=Abstract
http://dx.doi.org/10.1016/S0304-3959(98)00058-X
http://www.ncbi.nlm.nih.gov/pubmed/15529803?dopt=Abstract
http://dx.doi.org/10.5271/sjweh.828
http://dx.doi.org/10.1016/S0169-8141(00)00014-7
http://www.ncbi.nlm.nih.gov/pubmed/1929804?dopt=Abstract
http://dx.doi.org/10.1016/0003-9993(91)90003-2
http://www.ncbi.nlm.nih.gov/pubmed/11104050?dopt=Abstract
http://dx.doi.org/10.1007/s004210000285
http://dx.doi.org/10.1016/j.jelekin.2005.06.005

1162 J. Phys. Ther. Sci. Vol. 25, No. 9, 2013

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

Falla D, Bilenkij G, Jull G, et al.: Patients with chronic neck pain demon-
strate altered patterns of muscle activation during performance of a func-
tional upper limb task. Spine, 2004, 29: 1436-1440. [Medline] [CrossRef]
Barton PM, Hayes KC: Neck flexor muscle strength, efficiency and relax-
ation times in normal subjects and subjects with unilateral neck pain and
headache. Arch Phys Med Rehabil, 1996, 77: 680—687. [Medline] [Cross-
Ref]

Jordan A, Mehlsen J, Ostergaard K, et al.: A comparison of physical char-
acteristics between patients seeking treatment for neck pain and matched
healthy individuals. J Manipulative Physiol Ther, 1997, 20: 468—475.
[Medline]

Chiu TT, Lam TH, Hedley AlJ, et al.: Macimal isometric muscle strength of
the cervical spine in healthy volunteers. Clin Rehabil, 2002, 16: 772—779.
[Medline] [CrossRef]

Ylinen JJ, Savolainen S, Airaksinen O, et al.: Decreased strength and mo-
bility in patients after anterior cervical diskectomy compared with healthy
subjects. Arch Phys Med Rehabil, 2003, 84: 1043-1047. [Medline] [Cross-
Ref]

Falla DL, Jull G, Hodges P, et al.: Patient with neck pain demonstrate
reduced electromyographic activity of the deep cervical flexor muscles
during performance of the carniocervical flexion test. Spine, 2004, 29:
2108-2114. [Medline] [CrossRef]

O’Leary S, Jull D, Kim M, et al.: Cranio-cervical flexor muscle impair-
ment at maximal, moderate and low loads is a feature of neck pain. Man
Ther, 2007, 12: 34-39. [Medline] [CrossRef]

Szeto GP, Straker L, O’Sullivan PB, et al.: A comparison of symptomatic
and asymptomatic office workers performing monotonous keyboard work,
2: neck and shoulder kinematics. Man Ther, 2005, 10: 281-291. [Medline]
[CrossRef]

Grimmer K: The relationship between cervical resting posture and neck
pain. Physiotherapy, 1996, 82: 45-51. [CrossRef]

Hanten WP, Olson SL, Russell JL, et al.: Total head excursion and resting
head posture: normal and patient comparisons. Arch Phys Med Rehabil,
2000, 81: 62—-66. [Medline]

Jull G, Trott P, Potter H, et al.: A randomized controlled trial of exercise
and manipulative therapy for cervicogenic headache. Spine, 2002, 27:
1835-1843. [Medline] [CrossRef]

Randlev A, Ostergaard M, Manniche C, et al.: Intensive dynamic training
for females with chronic neck/shoulder pain: a randomized controlled trial.
Clin Rehabil, 1998, 12: 200-210. [Medline] [CrossRef]

Hagberg M, Harms-Ringdahl K, Nisell R, et al.: Rehabilitation of neck-
shoulder pain in women industrial workers: a randomized trail comparing
isometric shoulder endurance training with isometric shoulder strength
training. Arch Phys Med Rehabil, 2000, 81: 1051-1058. [Medline] [Cross-

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

Ref]

Waling K, Sundelin G, Ahlgren X, et al.: Perceived pain before and after
three exercise programs. A controlled clinical trial of women with work-
related trapezius myalgia. Pain, 2000, 85: 201-207. [Medline] [CrossRef]
Ylinen J, Takala E, Nykanen M, et al.: Active neck muscle training in the
treatment of chronic neck pain in women: a randomized controlled trail.
JAMA, 2003, 289: 2509-2516. [Medline] [CrossRef]

Verhagen AP, Karels C, Bierma-Zeinatra SM, et al.: Exercise proves effec-
tive in a systematic review of work-related complaints of the arm, neck or
shoulder. J Clin Epidemiol, 2007, 60: 110-117. [Medline] [CrossRef]

Kay TM, Gross A, Goldsmith C, et al.: Exercises for mechanical neck dis-
orders. Cochrane Database Syst Rev, 2005, 3: 1-9.

Luckumnueporn T: Cross-cultural adaptation and psychometric testing of
the Thai version of the Neck Disability Index in patients with mechanical
neck pain. Bangkok: Chulalongkorn University; 2007.

Szeto GP, Straker LM, O’Sullivan PB, et al.: Neck-shoulder muscle activ-
ity in general and task-specific resting postures of symptomatic computer
users with chronic neck pain. Man Ther, 2009, 14: 338-345. [Medline]
[CrossRef]

Falla D, Alba PD, Rainoldi A, et al.: Location of the innervation zones of
sternocleidomastoid and scalene muscles—a basis for clinical and research
electromyography applications. Clin Neurophysiol, 2002, 113: 57-63.
[Medline] [CrossRef]

McArdle W, Katch F, Katch V: Exercise physiology. Baltimore: Williams
and Wilkins, 1996.

Falla D, Jull G, Hodges P, et al.: An endurance-strength training regime is
effective in reducing myoelectric manifestations of cervical flexor muscle
fatigue in females with chronic neck pain. Clin Neurophysiol, 2006, 117:
828-837. [Medline] [CrossRef]

Jull GA, Falla D, Vicenzino B, et al.: The effect of therapeutic exercise on
activation of the deep cervical flexor muscles in people with chronic neck
pain. Man Ther, 2009, 14: 696-701. [Medline] [CrossRef]

McCarthy JP, Pozniak MA, Agre JC, et al.: Neuromuscular adaptation to
concurrent strength and endurance training. Med Sci Sports Exerc, 2002,
34: 511-519. [Medline] [CrossRef]

Kadi F, Ahlgren C, Waling K, et al.: The effects of different training pro-
grams on the trapezius muscle of women with work-related neck and shoul-
der myalgia. Acta Neuropathol, 2000, 100: 253-258. [Medline] [Cross-
Ref]

Hégg GM, Sastrom A: Load pattern and pressure pain threshold in the
upper trapezius muscle and psychosocial factors in medical secretaries
with and without shoulder neck disorders. Int Arch Occup Environ Health,
1997, 69: 423-432. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/15223935?dopt=Abstract
http://dx.doi.org/10.1097/01.BRS.0000128759.02487.BF
http://www.ncbi.nlm.nih.gov/pubmed/8669995?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(96)90008-8
http://dx.doi.org/10.1016/S0003-9993(96)90008-8
http://www.ncbi.nlm.nih.gov/pubmed/9310902?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12428826?dopt=Abstract
http://dx.doi.org/10.1191/0269215502cr552oa
http://www.ncbi.nlm.nih.gov/pubmed/12881832?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(03)00039-X
http://dx.doi.org/10.1016/S0003-9993(03)00039-X
http://www.ncbi.nlm.nih.gov/pubmed/15454700?dopt=Abstract
http://dx.doi.org/10.1097/01.brs.0000141170.89317.0e
http://www.ncbi.nlm.nih.gov/pubmed/16777470?dopt=Abstract
http://dx.doi.org/10.1016/j.math.2006.02.010
http://www.ncbi.nlm.nih.gov/pubmed/15996890?dopt=Abstract
http://dx.doi.org/10.1016/j.math.2005.01.005
http://dx.doi.org/10.1016/S0031-9406(05)66998-2
http://www.ncbi.nlm.nih.gov/pubmed/10638878?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12221344?dopt=Abstract
http://dx.doi.org/10.1097/00007632-200209010-00004
http://www.ncbi.nlm.nih.gov/pubmed/9688035?dopt=Abstract
http://dx.doi.org/10.1191/026921598666881319
http://www.ncbi.nlm.nih.gov/pubmed/10943754?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2000.7582
http://dx.doi.org/10.1053/apmr.2000.7582
http://www.ncbi.nlm.nih.gov/pubmed/10692619?dopt=Abstract
http://dx.doi.org/10.1016/S0304-3959(99)00265-1
http://www.ncbi.nlm.nih.gov/pubmed/12759322?dopt=Abstract
http://dx.doi.org/10.1001/jama.289.19.2509
http://www.ncbi.nlm.nih.gov/pubmed/17208116?dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2006.05.006
http://www.ncbi.nlm.nih.gov/pubmed/18606558?dopt=Abstract
http://dx.doi.org/10.1016/j.math.2008.05.001
http://www.ncbi.nlm.nih.gov/pubmed/11801425?dopt=Abstract
http://dx.doi.org/10.1016/S1388-2457(01)00708-8
http://www.ncbi.nlm.nih.gov/pubmed/16490395?dopt=Abstract
http://dx.doi.org/10.1016/j.clinph.2005.12.025
http://www.ncbi.nlm.nih.gov/pubmed/19632880?dopt=Abstract
http://dx.doi.org/10.1016/j.math.2009.05.004
http://www.ncbi.nlm.nih.gov/pubmed/11880817?dopt=Abstract
http://dx.doi.org/10.1097/00005768-200203000-00019
http://www.ncbi.nlm.nih.gov/pubmed/10965794?dopt=Abstract
http://dx.doi.org/10.1007/s004019900174
http://dx.doi.org/10.1007/s004019900174
http://www.ncbi.nlm.nih.gov/pubmed/9215929?dopt=Abstract
http://dx.doi.org/10.1007/s004200050170

