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Objective: To compare the efficacy of three 12-month training programmes on headache and upper extremity pain in
patients with chronic neck pain.
Methods: A total of 180 female office workers, with chronic,
non-specific neck pain were randomly assigned to 3 groups.
The strength group performed isometric, dynamic and
stretching exercises. The endurance group performed dynamic muscle and stretching exercises. The control group
performed stretching exercises. Pain was assessed with a visual analogue scale. Each group was divided into 3 subgroups
according to headache intensity.
Results: At the 12-month follow-up headache had decreased
by 69% in the strength group, 58% in the endurance group
and 37% in the control group compared with baseline. Neck
pain diminished most in the strength group with the most severe headache (p < 0.001). In the dose analysis, one metabolic
equivalent per hour of training per week accounted for a 0.6mm decrease in headache on the visual analogue scale. Upper extremity pain decreased by 58% in the strength group,
70% in the endurance group and 21% in the control group.
Conclusion: All of the training methods decreased headache. However, stretching, which is often recommended for
patients, was less effective alone than when combined with
muscle endurance and strength training. Care must be taken
in recommending the type of training to be undertaken by
patients with severe cervicogenic headache.
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INTRODUCTION
Cervical headaches are estimated to affect approximately 2.5%
of the adult population and account for 15–20% of all chronic
and recurrent headaches (1). Headache and neck pain are the
most common reasons for visits to a physician at the primary
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level of healthcare among working age women in Finland (2).
The aetiology of headaches remains largely unknown. Trauma
is found in only a minority of cases. Degenerative changes in
the cervical vertebrae and discs are common even in asymptomatic people. These degenerative changes also increase with
advanced age and have not shown a clear correlation with
chronic pain (3, 4).
Head pain, which is referred to the head from bony structures
or soft tissues of the neck, is commonly termed cervicogenic
headache. The classification of cervicogenic and other types
of headache is controversial as it relies mainly on clinical
symptoms, which vary greatly between individuals and may
also vary over time. It has been questioned whether cervicogenic headache is an independent entity or a tension type of
headache with a cervical trigger or migraine (5, 6).
The co-occurrence of headache has been found to be 4 times
higher in individuals with musculoskeletal symptoms than in
those without (7). In particular, individuals with neck pain
have been found to experience headaches more frequently than
those with symptoms in other areas.
Neck and upper limb pain commonly cluster. The odds of
experiencing pain in different parts of the arm have been shown
to be 4 times higher in subjects with neck pain than in those
with no neck pain (8). However, we did not find any study on
the effectiveness of a randomized neck exercise intervention
that reported on upper limb pain.
Conservative management of neck disorders often includes
passive therapies, which have not been shown to be effective
(9). Several randomized controlled studies have shown specific neck muscle exercises to be effective treatment in cases
of chronic neck pain (9–12). However, only Jull et al. (13)
have reported neck exercises to be effective in treatment of
cervicogenic headache.
We have shown previously that isometric strength and dynamic endurance training of neck muscles may relieve or even
completely eliminate pain and restore function in patients with
chronic neck pain (12). However, little is known about the effectiveness of different exercises on the symptoms associated
with neck pain. The primary aim of the present study was to
determine whether exercise therapy also relieves headache
and arm pain associated with neck pain. The second aim was
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to analyse whether the presence of headache indicates a more
severe condition, with consequent negative effects on the outcome of exercise therapy in patients with chronic neck pain.
The third aim was to analyse the dose-response relationship of
the specific strength and endurance training regimens for the
cervical muscles to reduce cervicogenic headache.
METHODS
Study design and recruitment of patients
The study design and data with regards to neck pain has been published
previously (12). This study was an examiner-blinded, randomized,
controlled trial. Physicians working in occupational healthcare services referred patients with long-standing neck pain to the Punkaharju
Rehabilitation Center, Punkaharju, Finland. A questionnaire was posted
to applicants to confirm their status. The following inclusion criteria
were used: female gender, age 25–53 years, office-worker, permanently
employed, motivated to continue at work, motivated for rehabilitation,
and constant or frequently occurring neck pain over at least 6 months.
Exclusion criteria were: specific disorders of the cervical spine, such
as disc prolapse, spinal stenosis, post-operative conditions, history of
severe trauma, instability, spasmodic torticollis, as well as frequent
migraine (more often than twice per month), peripheral nerve entrapment, fibromyalgia, shoulder diseases, inflammatory rheumatic diseases, severe psychiatric illness and other diseases preventing physical
loading, and pregnancy. These states were assessed by medical history
and a clinical examination prior to entering the study.
A total of 180 female office-workers were selected and all provided
their written consent before entering the study. When 30 referrals had
been received, each subgroup was ranked by the Neck and Shoulder
Pain and Disability Index and divided into 10 blocks of 3 subjects
(14). One subject from each block was then randomized into a strength
training group (SG), one into an endurance training group (EG) and
one into a control group (CG) by a computer programme (15).
Outcome assessment
Measurements were taken at baseline and after the 12-month intervention period. Perceived headache, neck and upper limb pain during the
previous week were assessed by visual analogue scale (VAS) and disability by Vernon’s Neck Disability Index (16, 17). For each scale the
theoretical range is 0–100. In order to evaluate the effect of headache
on the severity of neck pain all the subjects were divided into 3 groups
according to intensity of headache as measured by VAS: group I (0–24)
had no or minor headache, group II (25–54) moderate headache and
group III (55–100) severe headache. The cut-points were selected on
the basis of research evidence obtained from the VAS, adjusted to take
into account the distribution of data (18). Patients were assessed for
maximal isometric neck strength in the neutral position (19) and range
of motion (ROM) in flexion, extension and rotation (20). For the dose
analysis, maximal oxygen uptake was measured with a submaximal
bicycle ergometer test by an exercise physiologist (21). Physical activity, defined as any bodily movement produced by skeletal muscle
contractions that substantially increases energy expenditure (22, 23),
was estimated from data obtained by a 4-week (28 days) all-time recall
questionnaire. Information on the specific training programmes and
other activities was also collected via a training diary throughout the
12-month intervention. All activities were converted into metabolic
equivalents (METs) by specific software (MetPro 2.03.7, Sci Reha,
Jyväskylä, Finland). Both the questionnaires and the diaries were
administered by the same physical therapist during the participants’
institutional control visits. The head researcher, biostatistician and
tester were all independent of the rehabilitation institution.
Description of interventions
Each training group of 10 subjects started with a 12-day institutional
rehabilitation programme, during which they were instructed in a home-
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exercise programme. The SG and EG training regimens consisted of five
45-min sessions per week. Every other session was performed at only
half intensity to avoid excessive loading. The neck flexor muscles were
exercised in the EG by lifting the head up from the supine position in
3 series of 20 repetitions and in the SG by pushing a Theraband® in the
sitting position in 1 series of 15 repetitions forwards, obliquely towards
the right and left, and backwards (24). Both groups carried out dynamic
exercises for the shoulders and upper extremities by performing dumbbell shrugs, presses, curls, bent-over rows, flyes and pullovers. The EG
performed 3 sets of 20 repetitions for each exercise with a pair of dumbbells each weighing 2 kg. Thus, repetitions and load were kept constant
throughout the training period. The SG exercised with an individually
adjusted single dumbbell and performed only 1 set of 15 repetitions for
each exercise at the highest possible load. Both training groups thereafter performed exercises in the same way for the trunk and leg muscles
against their body-weight by doing a single series of squats, sit-ups
and back extension exercises. Each training session was finished by
stretching exercises for the neck, shoulder and upper limb muscles. Both
training groups also underwent a multimodal rehabilitation programme,
including aspects commonly associated with the traditional neck school.
They also received 4 sessions of physical therapy, consisting mainly of
massage and mobilization, to alleviate neck pain and to enable those with
severe neck pain to perform the physical exercises effectively. The CG
was advised to perform aerobic exercise 3 times a week for half an hour.
They received written information about the same stretching exercises
as carried out by the training groups, which they were to practise at
home for approximately 20 min, and were trained in the correct way to
perform these exercises. They received no treatments. All 3 groups were
instructed to exercise regularly 3 times a week at home. Control visits
for motivating participants to continue exercise training were organized
after 2 and 6 months from the baseline assessment. The training regime
of the EG and SG was checked at these follow-ups.
Data analysis
The clinical outcome variables were used for intention-to-treat analysis.
The results are expressed as means and standard deviations (SD), and
median and interquartile ranges (IQR). Statistical comparison between
the groups was carried out using the t-test, Cochran-Armitage trend test,
Mann-Whitney test, analysis of variance (ANOVA) with the Tukey HSD
(Honestly Significantly Different) test and Kruskal-Wallis test. Hommel’s adjustments were used to correct significance levels for multiple
and post hoc testing. Hodges-Lehmann estimate of median difference
with a 95% confidence interval (95% CI) was used to determine changes
in the clinical outcome variables. The normality of variables was evaluated using the Shapiro-Wilk statistic. To determine the predictors of
change in cervicogenic headache (VAS) first, a correlation analysis was
conducted. The variables selected for correlation with change in headache were energy expenditure during the specific neck training, energy
expenditure during work, commuting, leisure, and miscellaneous acti
vity, headache at baseline, study group (SG vs EG), and age. Secondly,
on the basis of the variables suggested by the correlation analysis, a
forced entry model was conducted to determine the contribution of the
different variables to reported change in cervicogenic headache. Accordingly, headache at baseline, SG, age, energy expenditure during work,
change in energy expenditure during leisure-time physical activity, and
energy expenditure during the specific training programme were entered
into the forced model. The α level was set at 0.05 for all tests.

RESULTS
One subject in the EG was diagnosed with polymyalgia rheumatica after randomization and was thus excluded from the
study. One subject withdrew from the EG and 1 from the CG.
These 2 subjects were included in the intention-to-treat analysis. The training groups and the control group did not differ in
demographic data and nor did the subgroups formed when the
J Rehabil Med 42
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Table I. Mean baseline (and standard deviation (SD)) characteristics of the subjects in group I with no or minor neck pain (VAS 0–24), group II with
moderate neck pain (VAS 25–54) and group III with severe neck pain (VAS 55–100)
Group I
Group II
Group III
(n = 57)
(n = 59)
(n = 63)
p-value*
Demographics, mean (SD)
Age, years
Height, cm
Weight, kg
Body mass index
Clinical data
Duration of neck pain, years, mean (SD)
Neck pain, VAS, mean (SD)
Upper limb pain, VAS, mean (SD)
Vernon index, mean (SD)
Smoking, n (%)
Achievement, mean (SD)
VO2peak, ml/kg/min
Isometric neck strength
Flexion
Extension
Neck ROM, degrees
Flexion to extension
Rotation

47 (5)
164 (5)
70 (12)
25.8 (3.5)

45 (6)
166 (5)
69 (9)
25.0 (3.1)

45 (6)
163 (8)
66 (11)
24.6 (3.9)

0.22
0.44
0.047
0.074

6.9 (5.9)
49 (20)
31 (26)
19 (8)
11 (19)

8.4 (5.9)
51 (17)
32 (24)
21 (8)
8 (14)

9.3 (5.9)
70 (18)
43 (28)
27 (9)
13 (21)

0.032
< 0.001
0.008
< 0.001
0.83

31 (4)

33 (6)

31 (5)

0.65

59 (17)
136 (35)

57 (18)
132 (38)

55 (20)
130 (40)

0.28
0.43

125 (16)
156 (18)

126 (12)
163 (13)

122 (13)
160 (16)

0.16
0.22

*p-value for linearity.
N: Newton; ROM: range of motion; VAS: visual analogue scale; VO2peak: maximum oxygen uptake; SD: standard deviation.

subjects were classified according to headache intensity (Table
I). However, a similar difference in pain intensity and in the
disability index was observed between the subgroups. In the
severe neck pain group (III) pain had lasted longer than in either
of the other 2 groups. Also, pain in the upper limb was more
severe in group III, while no difference was found between the
other 2 groups. There was no significant difference between
groups in how much they achieved, measured as maximum
oxygen uptake, neck muscle strength and ROM.
At baseline, the intensity of headache and pain in the neck and
upper extremities was at the same level in all 3 groups (Table II).
The decrease in headache intensity measured by VAS, of 69%
in the SG, 58% in the EG and 37% in the CG, was significant
compared with baseline values. However, a significant intergroup difference emerged only between the SG and the CG.
The decrease in upper extremity pain, of 58% in the SG, 70%
in the EG and 21% in the CG, was also significant compared
with baseline values. Each training group showed a significant
difference compared with the CG. The relative decrease in neck
pain paralleled that of headache in the SG (69%) and was almost
similar magnitude in the EG (61%) and the CG (28%).

When the subgroups were analysed separately, a significant
difference in change in neck pain was found in the SG; those
with severe headache showed the greatest reduction in neck
pain at the 12-month follow-up (Fig. 1). However, the intensity
of headache did not make any statistically significant difference
to the change in neck pain in the EG or the CG.
Dose analysis of the specific training applied to reduce
headache showed that energy expenditure during the training
correlated negatively with the pain scores, accounting for 12%
of the total variation predicted by the model. The total variation
predicted by the model was 54%. In the specific training programme, 1 METh (metabolic equivalents per hour) accounted
for a 0.6 mm (95% CI 0.3–0.9 mm) decrease in headache experienced. Headache intensity at baseline accounted for 46% of the
total variation predicted by the model; that is, the participants
with the highest pain scores at baseline benefited most from the
training programme. The intervention group (SG vs EG) was not a
predictor of change in headache; both training modes relieved the
participants’ headache significantly. Approximately 20 trainees,
whose volume of training was under 9 METh per week, did not
report a reduction in headache, while approximately 100 trainees

Table II. Pain ratings of subjects at baseline and changes (with confidence intervals (CI)) at follow-up measured by visual analogue scale (VAS)
Baseline

Pain area
Head
Neck
Upper extermities

Change to months 12

Controls

Endurance

Strength

Controls

Endurance

Strength

Median (IQR)
41 (19, 68)
58 (42, 74)
38 (13, 55)

Median (IQR)
43 (13, 61)
57 (43, 74)
30 (7, 61)

Median (IQR)
42 (21, 64)
58 (43, 72)
36 (7, 57)

Median
(95% CI*)
–15 (–23 to –8)
–16 (–22 to –9)
–8 (–14 to –1)

Median
(95% CI*)
–25 (–33 to –16)
–35 (–42 to –28)
–21 (–30 to –12)

Median
(95% CI*)
–29 (–38 to –21)
–40 (–48 to –32)
–21 (–28 to –13)

*Hodges-Lehmann estimates of median difference.
†Mann-Whitney test and p-value adjusted using Hommel’s method.
C: control group; CI: confidence interval; E: endurance group; IQR: interquartile range; S: strength group.
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p-value between
groups
(multiple
comparison†)
0.028 (S/C)
< 0.001 (S/C, E/C)
0.018 (S/C, E/C)
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Table III. Determinants of change in chronic headache.
Change in chronic headache, VAS

β

SE

p

Variable (constant)
Headache at baseline (VAS)
Strength group
Age, years
METh of work
Change in METh of LTPA
METh of STP
R2
SEE

8.600
–0.630
–1.113
–0.020
0.026
0.003
–0.621
0.540
19.416

16.264
0.060
3.568
0.306
0.020
0.028
0.146

0.598
< 0.001
0.756
0.949
0.195
0.902
< 0.001

The variables for the forced regression procedures were headache at
baseline ( visual analog scale, VAS), the strength group (comparison with
the endurance group), age, energy expenditure of work (METh, metabolic
equivalents per hour) and change in the METh of leisure-time physical
activity (LTPA), and METh of the specific training program (STP), R2
(regression square) and SEE (standard error of the estimate).
Fig. 1. Change in neck pain in subgroups of patients with minor (I,
n=57), moderate (II n=59) or severe (III n=63) headache. The strength
group performed isometric neck and dynamic upper extremity exercises.
The endurance group performed dynamic neck and upper extremity
exercises and all groups including the control group performed stretching
exercises.

did. Also, all the subjects whose training intensity was 10 METh
per week or more reduced, or at least maintained, their baseline
headache intensity. All but 1 of the aforementioned trainees were
in the SG (Table III, Fig. 2).
Discussion

Fig. 2. Scatter diagram of change in cervicogenic headache measured
by visual analogue scale (mm) and in energy expenditure of the specific
training program at 12-month follow-up. Fitted regression lines are also
shown.

The same reduction was reported in both headache and neck
pain as a result of the combined strength training and stretching
at the 12-month follow-up. The combined muscle endurance
training and stretching resulted in a comparable decrease in
headache and neck pain. Upper extremity pain also showed
a similar reduction in the 2 training groups. Thus, the study
showed that both long-term isometric strength and dynamic
endurance training of the neck muscles is an effective treatment not only for chronic neck pain but also for other painful
symptoms associated with it. Moreover, the analysis showed
that strength training was more effective in relieving neck
pain in the subgroup with severe headache. However, both
strength and endurance training were also effective in reducing
severe headache, as the participants with the highest headache
scores at baseline benefited most from the training programme.
Although both training modes relieved headache in 100 participants, 20 trainees whose training intensity was 9 METh
per week did report any reduction in their headache intensity.
Furthermore, all but one of the subjects whose training intensity was 10 METh per week or more reported VAS reduction
in headache of more than 35 mm. All the latter trainees were
in the SG, exercising 3 times a week. Thus, the results of the
training dose analysis for headache were in line with those
reported previously for neck pain (25). In the dose-analysis,
1 METh of training per week accounted for a VAS reduction
of 0.6 mm in headache. That is, the intensity of specific training was between 5 and 9 METh per week, which, according
to the dose analysis, was equal to a 15–22 mm reduction in
headache in VAS. Moreover, the intensity of headache does
not appear to have a negative effect on the results of training
therapy, but rather the contrary. Intensity of headache did not
make any statistically discernible difference to the change in
neck pain in the EG or CG, which may be due to differences in
intervention between the groups. However, normal biological
variation cannot be excluded as a reason, as the subgroups were
small. Thus further research on the effectiveness of intensive
neck exercises for headache is needed.
We found only one randomized controlled study showing exercise therapy to be effective in cases of headache. In
the study by Jull et al. (13) patients with cervical headache
J Rehabil Med 42
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exercised twice daily for 6 weeks. The exercise programme
consisted of isometric craniocervical flexion exercises in the
supine position, scapular retraction and holding, isometric
rotator and stretching exercises. Patients were trained to sit
with a natural lumbar lordosis while retracting the scapulas
and elongating the cervical spine regularly throughout the day.
At the 12-month follow-up, the neck pain index (Northwick
Park Questionnaire) was reduced by 52% in the exercise group
and by 21% in the control group. A reduction of 50% or more
in headache frequency was achieved by 76% of the exercise
group compared with 29% of the control group. The intensity
of headache measured by the VAS decreased by 52% in the
exercise group and by 25% in the control group. In that study
the primary outcomes were related to cervical headache,
whereas in the present study the main interest was originally in neck pain and the headache analysis was performed
subsequently. The weakness of the present study is that the
headaches were not subtyped. However, these studies showed
that both moderate- and high-intensity neck muscle exercises
may be effective in the treatment of headache associated with
cervical pain. Further research is required to evaluate whether
specific types of headaches would be ameliorated by exercise
more than others.
Barton & Hayes (26) found 50% lower maximal neck flexor
muscle strength in patients with unilateral neck pain and headache compared with healthy controls. Other studies have also
found neck flexor muscle strength to be significantly inferior
in patients with cervical headache compared with controls (27,
28). However, it is probably not the flexor muscles alone that
are affected. Ylinen et al. (29) found weakness not only in the
flexor but also in the extensor and rotator muscles in patients
with chronic neck pain compared with healthy matched controls. Females with chronic neck pain have been found to have
smaller cervical multifidus muscles than healthy females (30).
Suboccipital muscle atrophy has been found to be associated
with chronic tension-type headache (31). However, it is not
known whether decreased strength, metabolism and muscle
atrophy are the aetiology or result of chronic neck pain. From
the perspective of physical function, it appears that passive
stretching alone may not always be an effective treatment for
chronic neck pain and the symptoms associated with it, while
muscle exercise that is intensive enough to improve muscle
metabolism and strength, has been shown to be better (32).
Chronic pain is commonly associated with compression
hyperalgesia of tissues in the local area (33). A lower pressure pain threshold has been found in cervicogenic headache
patients compared with healthy controls and patients with other
types of headache (34). Specific exercises involving intensive
neck muscle contraction that exceeds the muscular effort
used in ordinary daily living have been shown to induce local
hypoalgesia both immediately post-exercise (35) and in the
long-term (36). An exercise frequency of 3 times a week was
also found to have an important impact on the results in our
previous study, and thus should be considered when planning
training programmes (25).
The initial intervention does not necessarily need to be institutional, as in the present study, as specific neck exercises
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conducted in the workplace or outpatient clinic have also
been shown to alleviate chronic neck pain (37, 38). However,
a common problem with home exercises supported by a low
frequency of supervised exercise therapy is poor long-term
compliance (38, 39). It is also important to bear in mind that
while supervised exercise therapy for a couple of months
may have an excellent short-term effect, this effect may be
lost in the long-term (32). Thus, the emphasis should be on
maintaining exercise compliance for not less than one year, as
this may prevent the reoccurrence of pain even if the exercise
ceases thereafter, as shown in the 3-year follow-up of the
present study (40). Exercise compliance can be maintained by
issuing reminders about the necessity of exercise. However,
psychological support, such as when a consultant expresses
interest in a patient’s health, at regular intervals may be even
more important.
In conclusion, strength and endurance exercises, when accompanied by stretching exercises, were shown to be an effective treatment for headache and arm pain associated with neck
pain. The study showed, in addition, that headache does not
have a negative effect on the results of exercise therapy. Thus,
headache does not seem to be a hindrance to strength training,
which can thus also be recommended for patients experiencing
severe headache associated with neck pain.
ACKNOWLEDGEMENTS
This research project was financed by the Social Insurance Institution,
Finland. The authors thank Leena Nyrhinen and Tuula Lavonen for
the rehabilitation arrangements and Juha Jalovaara for administering
the tests.

References
1. Nilsson N. The prevalence of cervicogenic headache in a random
population sample of 20–59-year olds. Spine 1995; 20: 1884–1888.
2. Mäntyselkä PT. Patient pain in general practice. Kuopio University
Publications D. Med Sci 165: Kuopio; 1998.
3. Gore DR. Roentgenographic findings in the cervical spine in
asymptomatic persons. A ten-year follow-up. Spine 2001; 26:
2463–2466.
4. Siivola SM, Levoska S, Tervonen O, Ilkko E, Vanharanta H,
Keinänen-Kiukaanniemi S. MRI changes of cervical spine in
asymptomatic and symptomatic young adults. Eur Spine J 2002;
11: 358–363.
5. Kidd RF, Nelson R. Musculoskeletal dysfunction of the neck in
migraine and tension headache. Headache 1993; 33: 566–569.
6. Pfaffenrath V, Kaube H. Diagnostics of cervicogenic headache.
Funct Neurology 1990; 5: 159–164.
7. Hagen K, Einarsen C, Zwart JA, Svebak S, Bovim G. The cooccurrence of headache and musculoskeletal symptoms among
51050 adults in Norway. Eur J Neurol 2002; 9: 527–533.
8. Walker-Bone K, Reading I, Coggon D, Cooper C, Palmer KT. The
anatomical pattern and determinants of pain in the neck and upper
limbs: an epidemiologic study. Pain 2004; 109: 45–51.
9. Gross AR, Aker PD, Goldsmith CH, Peloso P. Physical medicine
modalities for mechanical neck disorders (Cochrane Review). In:
The Cochrane Library, Issue 1. Oxford: Update Software; 2002.
10. 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–E7.

Neck exercises for cervicogenic headache
11. Helewa A, Goldsmith CH, Smythe HA, Lee P, Obright K, Stitt L.
Effect of therapeutic exercise and sleeping neck support on patients
with chronic neck pain: a randomized clinical trial. J Rheumatol
2007; 34: 151–158.
12. Ylinen J, Takala EP, Nykänen M, Häkkinen A, Mälkiä E,
Pohjolainen T, et al. Active neck muscle training in the treatment
of chronic neck pain in women: a randomized controlled trial.
JAMA 2003; 289: 2509–2516.
13. Jull G, Trott P, Potter H, Zito G, Niere K, Shirley D, et al. A randomized controlled trial of exercise and manipulative therapy for
cervicogenic headache. Spine 2002; 27: 1835–1843.
14. Viikari-Juntura E, Takala E-P, Alaranta H. Neck and shoulder pain
and disability. Scand J Rehabil Med 1988; 20: 167–173.
15. Wulff HR, Schlichting P. Medstat version 2.12. The Astra Group
A/S, Denmark, 1991.
16. Dixon JS, Bird HA. Reproducibility along a 10‑cm vertical visual
analogue scale. Ann Rheum Dis 1981; 40: 87–89.
17. Vernon H, Mior S. The neck disability index: a study of reliability
and validity. J Manipul Physiol Ther 1991; 14: 409–415.
18. Mannion AF, Balagué F, Pellisé F, Cedraschi C. Pain measurement in patients with low back pain. Nat Clin Pract Rheumatol
2007; 3: 610–618.
19. Ylinen J, Rezasoltani A, Julin M, Virtapohja H, Mälkiä E. Reproducibility of isometric strength measurement of neck muscles.
Clin Biomech 1999; 14: 217–219.
20. Peolsson A, Hedlund R, Ertzgaard S, Öberg B. Intra‑ and inter‑tester reliability and range of motion of the neck. Physiother
Can 2000; 52: 233–245.
21. Lange Anderssen K, Sephard RJ, Denoling H, Varnauskas E,
Masinoni R. Fundamentals of exercising testing. Geneva: WHO;
1971.
22. Howley ET. Type of activity: resistance, aerobic and leisure versus
occupational physical activity. Med Sci Sports Exerc 2001; 33:
S364–S369.
23. Mälkiä E, Impivaara O, Heliövaara M. The physical activity of
healthy and chronically ill adults in Finland at work, at leisure, and
during commuting. Scand J Med Sci Sports 1994; 4: 82–87.
24. Ylinen J, Ruuska J. Clinical use of neck isometric strength
measurement in rehabilitation. Arch Phys Med Rehabil 1994;
75: 465–469.
25. Nikander R, Mälkiä E, Parkkari J, Heinonen A, Starck H, Ylinen
J. Dose-response relationship of specific training to reduce
chronic neck pain and disability.Med Sci Sports Exerc 2006; 38:
2068–2074.
26. Barton PM, Hayes KC. Neck flexor muscle strength, efficiency, and
relaxation times in normal subjects and subjects with unilateral neck
pain and headache. Arch Phys Med Rehabil 1996; 77: 680–687.

349

27. Jull G, Barrett C, Magee R, Ho P. Further clinical clarification of
the muscle dysfunction in cervical headache. Cephalalgia 1999;
19: 179–185.
28. Watson DH, Trott PH. Cervical headache: an investigation of
natural head posture and upper cervical flexor muscle performance.
Cephalalgia 1993; 13: 272–284.
29. Ylinen J, Salo P, Nykänen M, Kautiainen H, Häkkinen A. Decreased isometric neck muscle strength in women with chronic
neck pain and the repeatability of neck strength measurements.
Arch Phys Med Rehabil 2004; 85: 1303–1308.
30. Fernández-de-Las-Peñas C, Bueno A, Ferrando J, Elliott JM,
Cuadrado ML, Pareja JA. Magnetic resonance imaging study of
the morphometry of cervical extensor muscles in chronic tensiontype headache. Cephalalgia 2007; 27: 355–362.
31. Fernández-de-las-Peñas C, Albert-Sanchís JC, Buil M, Benitez JC,
Alburquerque-Sendín F. Cross-sectional area of cervical multifidus
muscle in females with chronic bilateral neck pain compared to
controls. J Orthop Sports Phys Ther 2008; 38: 175–180.
32. Ylinen J. Physical exercises and functional rehabilitation for the
management of chronic neck pain. Eura Medicophys 2007; 43:
119–132.
33. Fischer AA. Documentation of myofascial trigger points. Arch
Phys Med Rehabil 1988; 69: 286–291.
34. Bovim G. Cervicogenic headache, migraine, and tension-type
headache. Pressure-pain threshold measurements. Pain 1992; 51:
169–173.
35. O’Leary S, Falla D, Hodges PW, Jull G, Vicenzino B. Specific
therapeutic exercise of the neck induces immediate local hypoalgesia. J Pain 2007; 8: 832–829.
36. Ylinen J, Takala E-P, Kautiainen H, Nykänen M, Häkkinen A,
Pohjolainen T, et al. Effect of long-term neck muscle training on
pressure pain threshold: a randomized controlled trial. Eur J Pain
2005; 9: 673–681.
37. Andersen LL, Kjaer M, Søgaard K, Hansen L, Kryger AI, Sjøgaard
G. Effect of two contrasting types of physical exercise on chronic
neck muscle pain. Arthritis Rheum 2008; 59: 84–91.
38. Häkkinen A, Kautiainen H, Hannonen P, Ylinen J. Strength training
and stretching versus stretching only in the treatment of patients
with chronic neck pain: a randomized one-year follow-up study.
Clin Rehabil 2008; 22: 592–600.
39. 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.
40. Ylinen J, Hakkinen A, Nykanen M, Kautiainen H, Takala EP. Neck
muscle training in the treatment of chronic neck pain: a three-year
follow-up study. Eura Medicophys 2007; 43: 161–169.

J Rehabil Med 42

