SPINE Volume 29, Number 14, pp 1541–1548
©2004, Lippincott Williams & Wilkins, Inc.

A Cochrane Review of Manipulation and Mobilization
for Mechanical Neck Disorders
Anita R. Gross, MSc,*† Jan L. Hoving, PhD,‡ Ted A. Haines, MSc,*
Charles H. Goldsmith, PhD,* T. Kay, MSc,§ Peter Aker, MSc,储 Gert Bronfort, PhD,¶ and
the Cervical Overview Group

Study Design and Objectives. Our systematic review
of randomized trials assessed whether manipulation and
mobilization relieve pain or improve function/disability,
patient satisfaction, and global perceived effect in adults
with mechanical neck disorders.
Summary of Background Data. Neck disorders are
common, disabling, and costly.
Methods. Computerized bibliographic databases were
searched up to March 2002. Two independent reviewers
conducted study selection, data abstraction, and methodologic quality assessment. Relative risk and standardized
mean differences were calculated. In the absence of heterogeneity, pooled effect measures were calculated using a
random effects model.
Results. Of the 33 selected trials, 42% were high quality
trials. Single or multiple (3–11) sessions of manipulation or
mobilization showed no benefit in pain relief when assessed
against placebo, control groups, or other treatments for
acute/subacute/chronic mechanical neck disorders with or
without headache. There was strong evidence of benefit
favoring multimodal care (mobilization and/or manipulation
plus exercise) over a waiting list control for pain reduction
[pooled standardized mean differences ⫺0.85 (95% CI:
⫺1.20 to ⫺0.50)], improvement in function [pooled SMD
⫺0.57 (95% CI: ⫺0.94 to ⫺0.21)] and global perceived effect
[standardized mean differences ⫺2.73 (95% CI: ⫺3.30 to
⫺2.16)] for subacute/chronic mechanical neck disorders
with or without headache.
Conclusions. Mobilization and/or manipulation when
used with exercise are beneficial for persistent mechanical neck disorders with or without headache. Done alone,
manipulation and/or mobilization were not beneficial;
when compared to one another, neither was superior.
There was insufficient evidence available to draw conclusions for neck disorder with radicular findings. Factorial
design would help determine the active agent(s) within a
treatment mix.
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Neck disorders are common, disabling to various degrees, and costly.1–3 A significant proportion of direct
health care costs associated with neck disorders are attributable to visits to health care providers, to sick leave,
and to the related loss of productive capacity.2– 4 Manipulation and mobilization are commonly used approaches
to treatment in this situation. However, studies of their
effectiveness have generally been short-term and
inconclusive.5–10
Our systematic review assessed the effect of manipulation and mobilization either alone or in combination
with other treatments on pain, function/disability, patient satisfaction, and global perceived effect in adults
with mechanical neck disorders (MND). Where appropriate, the influence of treatment, methodologic quality,
symptom duration, and subtypes of neck disorder on the
effect is also assessed.
Methods
Criteria for Considering Studies to Review.
Type of Study. Published or unpublished randomized controlled trials (RCT) or quasi-RCTs.
Type of Participant. Adults (18 years or older) with the
following acute (less than 30 days), subacute (30 days to 90
days), or chronic (greater than 90 days) neck disorders:
● MND including whiplash-associated disorders (WAD)
category I and II,11,12 myofascial neck pain, and degenerative changes13
14 –16
● Neck disorder with headache
● Neck disorders with radicular findings, including WAD
category III11,12

Type of Intervention. Studies using manipulation or mobilization techniques were included. Manipulation is a localized
force of high velocity and low amplitude directed at cervical
joint segments. Mobilizations use low-grade/velocity, small or
large amplitude, passive movement techniques or neuromuscular techniques within the patient’s range of cervical motion and
control.
Type of Outcome. The outcomes of interest were pain relief,
disability/function, patient satisfaction, and global perceived
effect.
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Table 2. Number Needed to Treat and Treatment Advantage for Pain Relief Following Multimodal Care: Mobilization/
Manipulation and Exercise
Author, Year: Comparison
Brodin 198570: Group 3 v
Group 1
Bronfort et al, 200133: SMT/Ex
v SMT
Geibel et al, 199754: Group 1 v
Group 2
Hoving et al, 200265: MT v GP
Jull et al, 200261: MT/ExT v
Control
Karlberg et al, 199655:
treatment v delayed
treatment
McKinney et al, 198925,26:
Group 2 v Group 1
Mealy et al, 198624
Provinciali et al, 199653: Group
A v Group B
Skargren et al, 19984: PT v
Chiro
Vasseljen et al, 199528

Disorder

NNT

Chronic MND ⫹/⫺ radicular findings or
degenerative changes
Chronic MND

4 for complete neck pain reduction

Treatment
Advantage
NA

10 for a clinically important pain reduction

12.5%

8 for complete neck pain reduction
9 for complete headache reduction
20 for a clinically important pain reduction

5.5%

5 for a clinically important pain reduction

27.1%

Subacute MND with headache

2 for a clinically important pain reduction

40.8%

Acute MND, WAD

11 for clinically important pain reduction

17.1%

Acute MND, WAD
Acute, subacute, MND with headache,
WAD
Chronic MND

6 for a clinically important pain reduction
6 for a clinically important pain reduction
31 for complete pain reduction
4 for a clinically important pain reduction

40.8%
36.9%

Chronic MND

11 for a clinically important pain reduction
4 for a substantive pain reduction

11.9%

Acute MND with headache, WAD
Acute, subacute, chronic MND ⫹/⫺
radicular findings, neck disorder with
headache
Chronic neck disorder with headache

5.0%

26.1%

For comparison group definition, see Table 1.
NNT ⫽ the number of clients treated to prevent one occurrence of worsening, no change or mild neck pain; treatment advantage ⫽ the difference between the
change in the treatment group divided by the baseline as a percent and a similar comparison in the control group; MND ⫽ mechanical neck disorder; WAD ⫽
whiplash-associated disorder.

Search Strategy for Identifying Studies. A research librarian searched computerized bibliographic databases, without
language restrictions, for medical, chiropractic, and allied
health literature. The following databases were searched from
their respective beginning to March 2002: CENTRAL (The
Cochrane Library Issue 4, 2002), MEDLINE, EMBASE, Manual Alternative and Natural Therapy (MANTIS), Cumulative
Index to Nursing and Allied Health Literature (CINAHL), and
the Index to Chiropractic Literature (ICL). Screening of references, communication with the coordinator of the Cochrane
Back Group, personal communication with identified content
experts, and our own personal files were also used to identify
potential references. Subject headings (MeSH) and key words
included anatomic terms, disorder or syndrome terms, treatment terms, and methodologic terms consistent with those advised by the Cochrane Back Group.
Methods of the Review. Four pairs of 2 independent reviewers each with expertise in medicine, physiotherapy, chiropractic, massage therapy, statistics, and clinical epidemiology conducted citation identification, study selection, data abstraction,
and assessment of methodologic quality. Agreement was assessed for study selection using the quadratic weighted Kappa
statistic (Kw); Cicchetti weights.17 A third reviewer was consulted in case of persisting disagreement.
Assessment of Methodologic Quality. Three reviewers independently assessed each selected study for quality of methodology, based on the validated 5-point Jadad et al (1996)18
criteria list (See Table 1, available for viewing on Article Plus,
for the criteria and scoring.)
Quantitative Analysis of Trial Results. For continuous data,
standardized mean differences (SMD) [95% confidence inter-

vals (CI)] were calculated using a random effects model. In the
absence of clear guidelines on the size of sizes, we used a commonly applied system by Cohen (1988)19: small (0.20), medium (0.50), or large (0.80). We assumed the minimum clinically important difference to be 10 on a 100-point pain
intensity scale. Similarly, a minimum clinically important difference of 5 neck disability index units was considered relevant
for the neck disability index.20 For continuous outcomes reported as medians, effect sizes were calculated.21 Relative risks
(RR) were calculated for dichotomous outcomes. To facilitate
analysis, data imputation rules were used when necessary.10
The number needed to treat (NNT) and treatment advantages
were calculated for primary findings10 (Table 2). Power analyses were conducted for each article reporting nonsignificant
findings (Table 1).22
Before calculation of a pooled effect measure, the reasonableness of pooling was assessed based on clinical judgment.
Statistical heterogeneity using the 2 method between the studies was tested using a random effects model. In the absence of
heterogeneity (P greater than 0.05), a pooled SMD or RR was
calculated. Sensitivity analysis or metaregression for the factors—symptom duration, methodologic quality, and subtype
of neck disorder—were planned but were not carried out because we did not have enough data in any one category.
Qualitative Analysis of Trial Results. To reach final conclusions, qualitative analysis was carried out, using the levels of
evidence listed below.
“Strong evidence” denoted consistent findings in multiple
high quality RCTs.
● “Moderate evidence” denoted findings in a single, highquality RCT or consistent findings in multiple low-quality
trials.
●
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“Limited evidence” indicated a single low-quality RCT.
“Conflicting evidence” denoted inconsistent results in
multiple RCTs.
● “No evidence” meant no studies were identified.
● “Evidence of adverse effect” was used for trials that
showed lasting negative changes.
●
●

Results
Description of Studies
Thirty-three trials in 52 publications were selected from
528 initially identified articles:
19 studied MNDs: acute,23–26 subacute,27 chronic,4,28 –34 mixed,35–50 and symptom duration not
reported51,52;
53,54
● 12 studied headache of cervical origin: acute,
55
56 – 61
50,62– 67
subacute, chronic,
mixed,
and symptom duration not reported68;
● 6 studied neck disorder with some radicular findings: chronic,69 –74 mixed,50,62,64 – 67 and symptom
duration not reported75;
24 –26,53,54
● 6 studied WADs: acute,
chronic,57 and
46
mixed ; and
● 6
studied
degenerative
changes:
chronic.32,35,37,38,46,56,69,70
●

Table 1 provides details on treatment characteristics,
cointerventions, baseline values, absolute benefits, reported results, SMD, RR, side effects, and costs of care.
Agreement between pairs of independent reviewers was
Kw 0.83, standard deviation (SD) 0.15. We excluded 13
RCTs based on the type of participant (i.e., spasmodic
torticollis), intervention (i.e., manual therapy was in
both the treatment and control group), or design reasons
(i.e., mechanistic trial design).
Methodologic Quality of Included Studies
See Table 1 for methodologic quality scores of each trial.
We noted that 42% of the included studies were rated as
high quality. We found common methodologic weaknesses of included studies to be failure to describe or use
appropriate concealment of allocation (58%) and lack of
effective blinding procedures, including blinding of the
outcome assessor (66%). Cointerventions were avoided
in only a small number of studies (24%). We do not
believe that methodologic quality influenced the end result of our review, as both high- and low-quality studies
had similar outcome directions. However, we were unable to formally test this notion using sensitivity analysis/
metaregression because we did not have enough data in
any one disorder and treatment category.
We were unable to carry out sensitivity analyses for
symptom duration and subtype of neck disorder because
we did not have enough data in any one category. Primary studies within a given treatment category frequently examined various disorder types of mixed symptom duration.
Manipulation Alone. Four RCTs from 5 publications assessed the effect of a single session of manipulation.35–38,62

Figure 1. Meta-analysis: mobilization, manipulation, and multimodal care compared to a placebo or control for mechanical neck
disorder pain relief.

When compared to a control (other treatments deemed to
be ineffective), there was moderate evidence that single sessions did not result in short-term pain relief [pooled SMD
⫺0.51 (95% CI: ⫺1.10 – 0.07)]35,36 for acute, subacute, or
chronic MND (Figure 1). We judged these 2 trials to be
clinically comparable, and they were not statistically heterogenous. Recent research suggests that muscle relaxants
show no evidence of benefit and so would not have an
interactive effect.76,77 It is our clinical belief, substantiated
by evidence from the section below on mobilization, that a
sham mobilization would have minimal to no clinical effect.
Two further trials showed a similar negative effect but were
not included in the meta-analysis due to the type of outcomes and disorder subtype: Howe et al (1983)62 compared manipulation plus azapropazone with azapropazone
in patients with chronic radicular findings or headache,
whereas Cassidy (1993)37 compared manipulation to a
muscle energy technique for acute, subacute, and chronic
MND.
Five trials assessed the effect of 6 to 20 sessions of
manipulation, conducted over 3 to 11 weeks, against
various comparisons. The comparisons were wait list
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control56; soft tissue treatments58 – 60; high-technology
exercise33; manipulation with low-technology exercise33; tenoxicam with ranitidine32; low voltage electrical acupuncture32; and physiotherapy.4,30,31 In every
case, the results were negative. No group showed more
benefit than another for the outcomes pain, function,
patient satisfaction, or global perceived effect in shortterm follow-up assessments for chronic MNDs.
Three trials found no difference in short and intermediate-term pain relief when manipulation was compared
to mobilizations for acute, subacute, and chronic
MNDs36 –38,50 or subacute/chronic neck disorder with
headache or radicular findings.50
Three further trials compared one manipulation technique to another. There was limited evidence of no difference in pain relief and functional improvement at
short-term follow-up when:
● Thoracic manipulation was added to cervical manipulation51 for MND with symptom duration not
defined;
● A rotatory manipulation was compared to a lateral
break manipulation52 for MND with symptom duration not defined; and
● Instrumental manipulation was compared against
manual manipulation27 for subacute MND.

Mobilization Alone. Four trials from 6 publications compared mobilization against cold pack,57 collar,23 transcutaneous electrical nerve stimulation,23 acupuncture,46
and ultrasound.47– 49 There was moderate evidence of no
difference in pain and function outcomes from one highquality trial with long-term follow-up for subacute/
chronic MND including WAD46 and 3 smaller trials
with short-term follow-up for acute23,57 or subacute/
chronic MND including WAD.47– 49
Multimodal Care: Manipulation and Mobilization. Six trials
represented by 14 publications assessed manipulation
and mobilization. When mobilization and manipulation
were compared to a placebo, there was no evidence of
difference in pain and function noted in one very small
but high-quality RCT for subacute and chronic
MND.39 – 45 When compared to no treatment, results
showed a tendency toward short-term and long-term
benefit for chronic neck disorder with headache across 3
outcomes:

and, of course, from the use of differing comparison
groups. There was limited evidence that mobilization
and manipulation gave results similar to manipulation
alone for chronic MND.56 In addition, there was moderate evidence from 1 high-quality trial with long-term
follow-up of no difference in pain, function, or satisfaction for chronic MND, when one combination of mobilization, manipulation, and other soft-tissue techniques
was compared to another.29
Multimodal Care. Manipulation or Mobilization Plus Other
Physical Medicine Agents. Six trials compared manipula-

tion and/or mobilization in combination with various
physical medicine agents against:
No treatment controls69,70 for chronic neck disorder with radicular findings and degenerative changes;
● Placebo tablets for neck disorder with radicular
findings of unclear symptom duration75;
29
● Exercise for chronic MND ;
● Combined exercise/traction/massage for neck disorder with radicular findings of unclear symptom
duration75;
● Various combinations of manipulation for chronic
MND29;
25,26
● Intermittent collar use for acute WAD
;
● Direct galvanic current, ultrasound, and ultraviolet
light for acute, subacute, and chronic neck disorder
with headache63;
● Massage/munaripack for acute, subacute, and
chronic neck disorder with headache63;
● Mobilization or manipulation plus heat or electric
muscle stimulation for subacute and chronic MND
with or without radicular findings or headache53; and
● A combination of massage, manual traction, electrical stimulation, analgesics, and education for
chronic neck disorder with radicular findings.69,70
●

In summary, there is moderate evidence showing no
difference in benefit for pain relief, improvement in function, and global perceived effect for various disorder subtypes and for various symptom durations. This finding
was from both low and higher quality trials with both
short-term and long-term follow-up periods.
Multimodal Care. Mobilization and Manipulation Plus Exercise Focus. Fifteen trials with both short-term and long-

Pain relief [pooled SMD ⫺0.34 (95% CI: ⫺0.71–
0.03)]56,61 (Figure 1);
● Function improvement [SMD ⫺0.39 (95% CI:
⫺0.79 – 0.02)]61; and
● Global perceived effect [SMD ⫺2.36 (95% CI:
⫺2.89 to ⫺1.83)].61

term follow-up met the inclusion criteria for chronic
MND,33,34 subacute or chronic neck disorder with headache,55,61 as well as acute, subacute, and chronic neck
disorder with or without radicular findings or headache.64 – 67,69 –70 When compared to a wait list control,
there was strong evidence of maintained long-term benefit favoring multimodal care for:

When trials studied the effects of mobilization against
physiotherapy care,4,30,31,39 – 45,68 general practitioner
care,39 – 45 and exercise,61 conflicting results were shown
for the outcomes of pain and function. This may have
occurred in part from the use of different exercise regimes

● Pain relief [pooled SMD ⫺0.85 (95% CI: ⫺1.20 to
⫺0.50)] for chronic MND,34 for chronic neck disorder with or without radicular findings,69,70 and for
subacute and chronic neck disorder with headache55,61 (Figure 1). This translates into an absolute

●
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Figure 2. Qualitative analysis:
multimodal care (manipulation
and mobilization plus exercise)
for mechanical neck disorder
pain relief. s ⫽ sessions, w ⫽
weeks, MND ⫽ mechanical neck
disorder; NDH ⫽ neck disorder
with headache; NDR ⫽ neck disorder with radicular findings;
WAD ⫽ whiplash-associated
disorder. For comparisons, see
Table 1.

benefit of 23 to 27 mm visual analogue scale (VAS)
units and treatment advantage as high as 41%. The
NNT to achieve this advantage was from 2 to 5
(Table 2).
● Improved function [pooled SMD ⫺0.57 (95% CI:
⫺0.94 to ⫺0.21)] for chronic MND34 and for subacute/chronic neck disorder with headache.61
● Global perceived effect [SMD ⫺2.73 (95% CI:
⫺3.30 to ⫺2.16)] for subacute and chronic neck disorder with headache.61
The common elements in this care strategy in all the
studies were mobilization or manipulation plus exercise.
Other elements that may have been included were medication, thermal agents (heat or cold), and education.
These results were also noted when compared against
nonexercise-based treatments (Figure 2).
Is exercise the “active ingredient”? We do not know.
On the one hand, patients were more satisfied with manipulation plus exercise over manipulation or exercise
alone. On the other hand, when mobilization and manipulation plus exercise was compared against exercise,
there was moderate evidence of no difference for pain
relief or improvement in function.33,61,64 – 67
Persson et al evaluated chronic neck disorders with
radicular findings.71–74 At short-term follow-up, there
was evidence of benefit favoring surgery over physiotherapy care and collar use. At long-term follow-up, no difference was found between physiotherapy care, collar
use, and surgery.
Other Considerations
Adverse Events. Side effects were reported in 31% of the
trials. They were benign, transient, and included headache, radicular pain, thoracic pain, increased neck pain,
distal paraesthesia, dizziness, and ear symptoms. The
rate of serious adverse events could not be determined in
this review.

Cost of Care. There was moderate evidence favoring
reduced costs for manual therapy care for acute, subacute, and chronic MND with or without headache or
radicular findings.4,30,31,53,54,64 – 67

Discussion
Methodologic Quality
We have observed 4 positive advances in more recently
published reports of trials. Trials were larger, were of
higher methodologic quality, had longer-term follow-up,
and used self-reported ratings (e.g., pain, disability selfreport questionnaires, global perceived effect) as primary
outcomes on a more consistent basis. We attach great
value to the patient’s opinion, as do recent guidelines in
the low back literature,78,79 and believe its subjectivity is
insufficient argument against its use. Balancing selfreport outcomes with “observer-based performance
measures” would be ideal; unfortunately, the latter measures do not yet exist in the neck care literature.
Certain methodologic issues are inherent to the design
of trials on manual therapy for neck pain. Manual therapy cannot easily be studied in a double-blinded manner
(blinding therapists and patients) in clinical practice.
Therefore, it is essential to blind the outcome assessor
and the investigator doing the analyses. Expectation bias
could be minimized by selecting patients without prior
knowledge/experience or without strong expectations
for either treatment. This could be achieved through administration of a brief questionnaire before inclusion
into the trial (e.g., How do you expect your neck pain to
change as a result of the following treatments you may
receive in the study?). Even though some would suggest
modifying the quality assessment instrument for studies
in which the nature of intervention precludes blinding of
participants and therapist, using a common validated
tool to assess RCTs keeps the methodologic quality and
resulting strength of the evidence in perspective.
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In our previous Cochrane systematic review, which
included studies to 1997, results remained inconclusive
and were available only for the short-term. Since then, 13
RCTs have been published and included in our current
review. Recent trials have added further support to the
role of multimodal care (mobilization/manipulation and
exercise) in achieving clinically important pain reduction, global perceived effect, and patient satisfaction in
acute and chronic neck disorder with or without headache. We continue to not find evidence in support of
manipulation or mobilization as solo treatments, and
some reviews7,12,80,81 agreed with these findings. Our
findings are in disagreement with other reviews.6,80,82– 84
We agree with Peeters et al (2001)9 that it is difficult to
identify the effective components of a multimodal active
treatment approach without using factorial design. In
addition, there are differences between reviews in the
definition or clustering of different treatments, disorder
subgroups reviewed, the technique definition, and outcome measures reported.8
Adverse Events and Cost of Care
Adverse events reported from RCTs in this review were
benign, transient side effects. Clearly, smaller randomized trials are unlikely to detect rare adverse events. From
surveys and review articles, the risk of a serious irreversible complication for cervical manipulations has been
reported to vary from 1 adverse event in 3020 to 1 in
1,000,000 manipulations.85,86 Better reporting of adverse events is required. In addition, there was moderate
evidence of an economic advantage in using multimodal
care, defined as mobilization or manipulation plus exercise, for mechanical neck disorders. As more trials become available, details of direct and indirect costs can be
better summarized.

characteristics and dosages. Greater attention to methodologic quality is needed.
Key Points
● Mechanical neck disorders are common, costly,
and can be disabling.
● This systematic review of 33 trials did not favor
mobilizations and/or manipulations done alone or
combined with other treatments like heat for relieving acute or persistent pain and improving
function when compared to no treatment.
● Mobilization and/or manipulation when used
with exercise are effective for alleviating persistent
neck pain and improving function when compared
to those who received no treatment. When compared to one another, neither mobilization nor manipulation was superior.
● There was insufficient evidence available to draw
conclusions for mechanical neck disorder with radicular findings.
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1. Côté P, Cassidy D, Corroll L. The Saskatchewan health and back pain survey. The prevalence of neck pain and related disability in Saskatchewan
adults. Spine 1998;23:1689 –98.
2. Linton SJ, Hellsing AL, Hallden K. A population-based study of spinal pain
among 35– 45 year old individuals. Prevalence, sick leave and health care use.
Spine 1998;23:1457– 63.
3. Borghouts JAJ, Koes BW, Bouter LM. Cost-of-illness in neck pain in the
Netherlands in 1996. Pain 1999;80:629 –36.
4. Skargren EI, Carlsson PG, Oberg BE. One-year follow-up comparison of the
cost and effectiveness of chiropractic and physiotherapy as primary management for back pain. Spine 1998;23:1875– 84.
5. Gross AR, Aker PD, Goldsmith CH, et al. Conservative management of neck
disorders. A systematic overview and meta-analysis. Online J Curr Clin Trials 1996;Doc No:200 –201.
6. Kjellman GV, Skargren EI, Oberg BE. A critical analysis of randomised
clinical trials on neck pain and treatment efficacy. A review of the literature.
Scand J Rehabil Med 1999;31:139 –52.
7. Bodgduk N. Whiplash. Why pay for what does not work? J Musculoskeletal
Pain 2001;8:29 –53.
8. Hoving JL, Gross AR, Gasner D, et al. A critical appraisal of review articles
on the effectiveness of conservative treatment of neck pain. Spine 2001;26:
196 –205.
9. Peeters GGM, Verhagen AP, deBie RA, et al. The efficacy of conservative
treatment in patients with whiplash injury. Spine 2001;26:E64 –E73.
10. Gross AR, Kay T, Hondras M, et al. Manual therapy for mechanical neck
disorders: a systematic review. Manual Ther 2002;7:131– 49.
11. Spitzer WO, Leblanc FE, Dupuis M. Scientific approach to the assessment
and management of activity related spinal disorders. Spine 1987;7:S1–59.

Cochrane Review of Manipulation and Mobilization • Gross et al 1547
12. Spitzer WO, Skovron M L, Salmi LR, et al. Scientific monograph of the
Quebec Task Force on Whiplash-Associated Disorders: redefining “whiplash” and its management. Spine 1995;20:S1–73.
13. Schumacher HR, Klippel JH, Koopman WJ, eds. Primer on the Rheumatic
Diseases. 10th ed. Atlanta, GA: Arthritis Foundation; 1993.
14. Olesen J. Classification and diagnostic criteria for headache disorders, cranial neuralgias and facial pain. Cephalgia 1988;8:61–2.
15. Sjaastad O, Fredriksen TA, Pfaffenrath V. Cervicogenic headache: diagnostic
criteria. Headache 1990;30:725–26.
16. Olesen J, Gobel H. ICD-10 Guide for Headaches. Guide to the classification,
diagnosis and assessment of headaches in accordance with the tenth revision
of the International classification of diseases and related health problems and
its application to neurology. Cephalalgia 1997;17(suppl 19):29 –30.
17. Cicchetti DV. Assessing inter-rater reliability for rating scales: resolving
some basic issues. Br J Psychiat 1976;129:452– 6.
18. Jadad A, Moore A, Carroll D, et al. Assessing the quality of reports of
randomized clinical trials: is blinding necessary? Controlled Clin Trials
1996;17:1–12.
19. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed.
Hilldale, NJ: Lawrence Erlbaum Associates; 1988.
20. Stratford PW, Riddle DL, Binkley JM, et al. Using the Neck Disability Index
to make decisions concerning individual patients. Physiotherapy Canada
1999:107–19.
21. Kendal MG, Stuart A. The Advanced Theory of Statistics. 2nd ed. Vol. 1.
New York, NY: Hofner Publishing Co; 1963.
22. Dupont WD, Plummer WD. Power and sample size calculations: a review
and computer program. Controlled Clin Trials 1990;11:116 – 8.
23. Nordemar R, Thorner C. Treatment of acute cervical pain—a comparative
group study. Pain 1981;10:93–101.
24. Mealy K, Brennan H, Fenelon GC. Early mobilisation of acute whiplash
injuries. Br Med J 1986:656 –57.
25. McKinney LA, Dornan JO, Ryan M. The role of physiotherapy in the management of acute neck sprains following road-traffic accidents. Arch Emerg
Med 1989;6:27–33.
26. McKinney LA. Early mobilisation and outcome in acute sprains of the neck.
Br Med J 1989;299:1006 – 8.
27. Wood TG, Colloca CJ, Matthews R. A pilot randomized clinical trial on the
relative effect of instrumental (MFMA) versus manual (HVLA) manipulation
in the treatment of cervical spine dysfunction. J Manipulative Physiol Ther
2001;24:260 –71.
28. Vasseljen O, Johansen BM, Westgaard RH. The effect of pain reduction on
perceived tension and EMG-recoded trapezius muscle activity in workers
with shoulder and neck pain. Scand J Rehabil Med 1995:243–52.
29. Jordan A, Bendix T, Nielsen H, et al. Intensive training, physiotherapy, or
manipulation for patients with chronic neck pain: a prospective single-blind
randomized clinical trial. Spine 1998;23:311–19.
30. Skargren EI, Oberg BE, Carlsson PG, et al. Cost and effectiveness analysis of
chiropractic and physiotherapy treatment for low back and neck pain, Sixmonth follow-up. Spine 1997;22:2167–71.
31. Skargren EI, Oberg BE. Predictive factors for 1-year outcome of low back
and neck pain in patients treated in primary care: comparison between the
treatment strategies chiropractic and physiotherapy. Pain 1998;77:201–7.
32. Giles LGF, Muller R. Chronic spinal pain syndromes: A clinical pilot trial
comparing acupuncture, a nonsteroidal anti-inflammatory drug, and spinal
manipulation. J Manipulative Physiol Ther 1999;22:376 – 81.
33. Bronfort G, Evan R, Nelson B, et al. A randomized clinical trial of exercise
and spinal manipulation for patients with chronic neck pain. Spine 2001;26:
788 –99.
34. Allison GT, Nagy BM, Hall T. A randomized clinical trial of manual therapy
for cervico-brachial pain syndrome—a pilot study. Manual Ther 2002;7:95–
102.
35. Sloop PR, Smith DS, Goldenberg E, et al. Manipulation for chronic neck
pain: a double-blind controlled study. Spine 1982;7:532–35.
36. Vernon HT, Aker P, Burns S, et al. Pressure pain threshold evaluation of the
effect of spinal manipulation in the treatment of chronic neck pain: a pilot
study. J Manipulative Physiol Ther 1990;13:13– 6.
37. Cassidy J. The immediate effect on manipulation vs mobilisation pain and
range of motion in the cervical spine: a randomized controlled trial [Letter].
J Manipulative Physiol Ther 1993;16:279 – 80.
38. Cassidy JD, Lopes AA, Yong-Hing K. The immediate effect of manipulation
versus mobilization on pain and range of motion in the cervical spine: a
randomized controlled trial. J Manipulative Physiol Ther 1992;15:570 –75.
39. Koes B, Boutter LM, Knipshild PG. The effectiveness of manual therapy,
physiotherapy and continued treatment by general practitioner for chronic
nonspecific back and neck complaints. J Manipulative Physiol Ther 1991:
498 –502.
40. Koes B. A randomized clinical trial of manual therapy and physiotherapy for

41.

42.

43.

44.

45.
46.
47.

48.

49.

50.

51.

52.

53.
54.
55.

56.

57.

58.

59.

60.

61.
62.
63.
64.

65.

persistent back and neck complaints. Subgroup analysis and relationship
between outcomes measure. J Manipulative Physiol Ther 1993;16:211–19.
Koes BW, Bouter LM, van Mameren H, et al. Randomized clinical trial of
manipulative therapy and physiotherapy for persistent back and neck complaints: results of one year follow up. Br Med J 1992:601–5.
Koes BW, Bouter LM, van Mameren H, et al. A blind randomized clinical
trial of manual therapy and physiotherapy for chronic back and neck complaints: Physical outcome measures. J Manipulative Physiol Ther 1992;15:
16 –23.
Koes BW, Bouter LM, van Mameren H, et al. Randomized clinical trial of
manual therapy and physiotherapy for persistent back and neck complaints.
Manual Ther 1992;1:7–12.
Koes BW, Bouter LM, van Mameren H, et al. The effectiveness of manual
therapy, physiotherapy, and treatment by the general practitioner for nonspecific back and neck complaints. Spine 1992;17:28 –35.
Koes BW. Efficacy of manual therapy and physiotherapy for back and neck
complaints [thesis]. den Haag; Cip-Gegevens Koninklijke Bibliotheek; 1992.
David J, Modi S, Aluko AA, et al. Chronic neck pain: a comparison of
acupuncture treatment and physiotherapy. Br J Rheum 1998:118 –22.
Coppieters MW, Stappaerts KH, Wouters LL, et al. Aberrant protective
force generation during neural provocation testing and the effect of treatment in patients with neurogenic cervicogenic pain. J Manipulative Physiol
Ther 2003 Feb;26:99 –106.
Coppieters MW, Stappaerts KH, Wouters LL, et al. Immediate effect of a
cervical lateral glide treatment technique in patients with neurogenic cervicobrachial pain. JOSPT 2003;33:369 –78.
Coppieters MW, Stappaerts KH. The immediate effects of manual therapy in
patients with cervicobrachial pain on neural origin: A pilot study. In: Singer
KP, eds. IFOMT 2000: International Federation of Orthopaedic Manipulative Therapists in conjunction with the 11th biennial conference of the manipulative physiotherapists association of Australia. Perth: The University of
Western Australia; 2000:Poster 7.
Hurwitz EL, Morgenstern H, Harber P, et al. A randomized trial of chiropractic
manipulation and mobilization for patients with neck pain: clinical outcomes
from the UCLA Neck-Pain Study. Research Pract 2002;92:1634 – 41.
Parkin-Smith GF, Penter CS. A clinical trial investigating the effect of two
manipulative approaches in the treatment of mechanical neck pain: a pilot
study. J Neuromusculoskel System 1998;6:6 –16.
van Schalkwyk R, Parkin-Smith GF. A clinical trial investigating the possible
effect of the supine cervical rotatory manipulation and the supine lateral
break manipulation in the treatment of mechanical neck pain: a pilot study.
J Manipulative Physiol Ther 2000;23:324 –31.
Provinciali L, Baroni M, Illuminati L, et al. Multimodal treatment to prevent
the late whiplash syndrome. Scand J Rehab Med 1996;28:105–11.
Giebel GD, Edelmann M, Huser R. Die distorsion der halswirbelsaule: fruhfunktionalle vs. ruhigstellende behandlung. Zentralbl Chir 1997;122:517–21.
Karlberg M, Magnusson M, Eva-Maj M, et al. Postural and symptomatic
improvement after physiotherapy in patients with dizziness of suspected
cervical origin. Arch Phys Med Rehab 1996;77:874 – 82.
Bitterli J, Graf R, Robert F, et al. Zur objectivierung der manualtherapeutischen beeinflussbarkeit des spondylogenen kopfschmerzes. Nervenarzt 1977:
259 –262.
Jensen OK, Nielsen FF, Vosmar L. An open study comparing manual therapy
with the use of cold packs in the treatment of post-traumatic headache.
Cephalalgia 1990:241–50.
Nilsson N, Christensen HW, Hartvigsen J. Lasting changes in passive range
of motion after spinal manipulation: a randomized, blind, controlled trial. J
Manipulative Physiol Ther 1996;19:165– 8.
Nilsson N, Christensen HW, Hartvigsen J. The effect of spinal manipulation
in the treatment of cervicaogenic headache. J Manipulative Physiol Ther
1997;20:326 –30.
Nilsson N. A randomized controlled trial of the effect of spinal manipulation
in the treatment of cervicogenic headache. J Manipulative Physiol Ther
1995;18:435– 40.
Jull G, Trott P, Potter H, et al. A randomized controlled trial of exercise and
manipulative therapy for cervicogenic headache. Spine 2002;27:1835– 43.
Howe DH, Newcombe RG, Wade MT. Manipulation of the cervical
spine—a pilot study. J Royal Coll General Pract 1983;33:574 –9.
Ammer K, Rathkolb O. Physical therapy in occipital headaches. Man Med
1990;28:65– 68.
Hoving JL, de Vet HCW, Koes BW, et al. Manual therapy, physical therapy,
or continued care by the general practitioner for patients with neck pain:
long-term results from a pragmatic randomized trial. Hoving JL, eds.
Wageningen: Pons & Looijen bv; 2001:59 –73.
Hoving JL, Koes BW, de Vet HCW, et al. Manual therapy, physical therapy,
or continued care by a general practitioner for patients with neck pain. Ann
Intern Med 2002;136:713–59.

1548 Spine • Volume 29 • Number 14 • 2004
66. Korthals-de Bos IBC, Hoving JL, van Tulder MW, et al. Cost effectiveness of
physiotherapy, manual therapy, and general practitioner care for neck pain:
economic evaluation alongside a randomized controlled trial. Br Med J
2003;326:1– 6.
67. Korthals-de Bos IBC, Hoving JL, van Tulder MW, et al. Manual therapy is
more cost-effective than physical therapy and GP care for patients with neck
pain. Wageningen: Pons & Looijen bv; 2001:75– 89.
68. Reginiussen T, Johnsen R, Torstensen TA. Efficiency of manual therapy on
patients with cervicogenic headache: a randomized single blinded controlled
trial. In: Singer KP, eds. International Federation of Manipulation Therapy,
7th Scientific Conference. University of Western Australia; November 2000:
Abstract 105.
69. Brodin H. Cervical pain and mobilization. Int J Rehabil Res 1984;7:190 –1.
70. Brodin H. Cervical pain and mobilization. Manual Med 1985;2:18 –22.
71. Persson L, Karlberg M, Magnusson M. Effects of different treatments on
postural performance in patients with cervical root compression. A randomized prospective study assessing the importance of the neck in poastural
control. J Vestib Res 1996;6:439 –53.
72. Persson LCG, Carlsson CA, Carlsson JY. Long-lasting cervical radicular
pain managed with surgery, physiotherapy, or a cervical collar. A prospective, randomized study. Spine 1997;22:751– 8.
73. Persson LCG, Lilja A. Pain, coping, emotional state and physical function in
patients with chronic radicular neck pain. A comparison between patients
treated with surgery, physiotherapy or neck collar—a blinded, prospective
randomized study. Disabil Rehabil 2001;23:325–35.
74. Persson LCG, Moritz U, Brandt L, et al. Cervical radiculopathy: pain, muscle
weakness and sensory loss in patients with cervical radiculopathy treated
with surgery, physiotherapy or cervical collar. A prospective, controlled
study. Eur Spine J 1994;6:256 – 66.
75. Kogstad, OA, Karterud S, Gudmundsen J. Cervicobrachialgi [Cervicobra-

76.

77.
78.
79.

80.
81.

82.

83.
84.
85.

86.

chialgia. A controlled trial with conventional treatment and manipulation].
Tidiskr Nor Loegeforen 1978;98:845– 8.
Gross A, Goldsmith C, Kay T, et al. Conservative management of mechanical
neck disorders: a series of systematic reviews. In: Association of Chiropractic
Colleges and Research Agenda Conference (ACC-RAC) 2003. Davenport,
IA: Consortial Center for Chiropractic Research; 2003:29.
Peloso P, Haines T, Gross A, et al. Drug therapy for mechanical neck disorders. Cochrane Review 2004. In press.
Bombardier C. Outcome assessment in the evaluation of treatment of spinal
disorders: summary and general recommendations. Spine 2000;25:3100 –3.
van Tulder M, Malmivaara A, Esmail R, et al. Exercise therapy for low back
pain. A systematic review within the framework of the Cochrane Collaboration Back Review Group. Spine 2000;25:2784 –96.
Florian T. Conservative treatment of neck pain: distinguishing useful from
useless therapy. J Back Musculoskel Rehabil 1991;1:55– 66.
Magee DJ, Oborn-Barret E, Turner S, et al. A systematic overview of the
current research evidence on the selected treatment interventions on soft
tissue neck injury following trauma. Physiother Can 2000;52:111–30.
Vernon H. The effectiveness of chiropractic manipulation in the treatment of
headache: an exploration in the literature. J Manipulative Physiol Ther 1995;
18:611–17.
Hurwitz EL, Aker PD, Adams AH, et al. Manipulation and mobilization of the
cervical spine: a systematic review of the literature. Spine 1996;21:1746 – 60.
Pollmann W, Keidel M, Pfaffenrath V. Headache and the cervical spine: a
critical review. Cephalalgia 1997;17:801–16.
Assendelft WJ, Bouter LM, Knipschild PG. Complications of spinal manipulation: a comprehensive review of the literature. J Fam Pract 1996;42:475–
80.
Gross A, Kay T, Kennedy C, Gasner D, et al. Clinical practice guideline on
the use of manipulation or mobilization in the treatment of adults with
mechanical neck disorder. Manual Ther 2002;7:193–205.

