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The effectiveness of manual and exercise 
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among patients with cervicogenic headache: 
a systematic review and meta-analysis
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Abstract 

Background: Cervicogenic headache is a secondary headache, and manual therapy is one of the most common 
treatment choices for this and other types of headache. Nonetheless, recent guidelines on the management of 
cervicogenic headache underlined the lack of trials comparing manual and exercise therapy to sham or no‑treatment 
controls. The main objective of this systematic review and meta‑analysis was to assess the effectiveness of different 
forms of manual and exercise therapy in people living with cervicogenic headache, when compared to other treat‑
ments, sham, or no treatment controls.

Methods: Following the PRISMA guidelines, the literature search was conducted until January 2022 on MEDLINE, 
CENTRAL, DOAJ, and PEDro. Randomized controlled trials assessing the effects of manual or exercise therapy on 
patients with cervicogenic headache with headache intensity or frequency as primary outcome measures were 
included. Study selection, data extraction and Risk of Bias (RoB) assessment were done in duplicate. GRADE was used 
to assess the quality of the evidence.

Results: Twenty studies were included in the review, with a total of 1439 patients. Common interventions were 
spinal manipulation, trigger point therapy, spinal mobilization, scapulo‑thoracic and cranio‑cervical exercises. Meta‑
analysis was only possible for six manual therapy trials with sham comparators. Data pooling showed moderate‑to‑
large effects in favour of manual therapy for headache frequency and intensity at short‑term, small‑to‑moderate for 
disability at short‑term, small‑to‑moderate for headache intensity and small for headache frequency at long‑term. A 
sensitivity meta‑analysis of low‑RoB trials showed small effects in favor of manual therapy in reducing headache inten‑
sity, frequency and disability at short and long‑term. Both trials included in the sensitivity meta‑analysis studied spinal 
manipulation as the intervention of interest. GRADE assessment showed moderate quality of evidence.

Conclusion: The evidence suggests that manual and exercise therapy may reduce headache intensity, frequency 
and disability at short and long‑term in people living with cervicogenic headache, but the overall RoB in most 
included trials was high. However, a sensitivity meta‑analysis on low‑RoB trials showed moderate‑quality evidence 
supporting the use of spinal manipulation compared to sham interventions. More high‑quality trials are necessary to 
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Introduction
Background
Cervicogenic Headache (CGH) is a secondary headache, 
with a prevalence of 1–4% among people experienc-
ing headaches [1]. The pathophysiological mechanism 
underlying this condition is referred pain, and the cur-
rently accepted theory is that structures in the upper cer-
vical spine supplied by the first three spinal nerves can 
refer pain to the occipital, frontal or temporal regions. 
Specific features which tend to characterize CGH and 
are considered in the diagnostic process are presented in 
Fig. 1 [1, 2]. Several sets of criteria have been proposed. 
Most widely used are the criteria proposed by the Inter-
national Headache Society (IHS) in the International 
Classification of Headache Disorders-3rd version (ICHD) 
[2], and the ones proposed by the Cervicogenic Head-
ache International Study Group (CHISG) [3]. Despite 
the presence of features characteristic of CGH, different 
headaches with similar phenotypes can co-exist, posing 
further obstacles to the diagnostic process [4].

Manual therapy is among the most common treat-
ment choices for headaches in Australia, Europe and in 
the USA, provided to about a third of patients in head-
ache clinics [5]. Recent guidelines on the management of 
CGH [6] support the use of exercise therapy and spinal 

manipulation to reduce CGH pain intensity, frequency, 
and disability. Based on the current literature, an initial 
8–10 sessions of manual or exercise therapy (i.e. low-load 
endurance exercise, spinal manipulation or mobilization) 
over 6 weeks are recommended in isolation [6].

While this recommendation is supported by three tri-
als, the guideline authors highlight the lack of high-qual-
ity studies studying the efficacy of non-pharmacological 
interventions compared to sham or no treatment [6]. Two 
systematic reviews and meta-analyses [7, 8]  in this field 
evaluated the effectiveness of spinal manipulation (alone 
or combined with mobilization) for CGH and tension-
type headache. One systematic review [7] found no evi-
dence in favour of spinal manipulation compared to other 
conservative interventions for headache intensity or disa-
bility. This review compared manipulation and mobiliza-
tion to other forms of manual therapy and various forms 
of exercise, but it did not assess the effectiveness of other 
interventions commonly used by manual therapists (i.e. 
massage, exercise, and acupuncture), nor the efficacy of 
manual therapy compared to no treatment or sham. The 
second systematic review [8] did include sham-controlled 
randomized controlled trials (RCTs), but grouped sham 
interventions with “other forms of manual therapy’’. RCTs 
using sham and other manual therapy interventions as 

make stronger recommendations, ideally based on methodological recommendations that enhance comparability 
between studies.

Trial registration The protocol for this meta‑analysis was pre‑registered on PROSPERO under the registration number 
CRD42021249277.

Keywords: Exercise therapy, Meta‑analysis, Musculoskeletal manipulation, Post‑traumatic headache, Randomized 
controlled trial, Systematic review

Fig. 1 Common CGH features reported by the International Headache Society [2] and the Cervicogenic Headache International Study Group [3] are 
described
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comparisons were incorporated into the same meta-anal-
ysis, not allowing for a separate appraisal of RCTs with 
sham-controls only. The review reported spinal manipu-
lation as more effective in the short-term for headache 
intensity, frequency and disability, and in the medium-
term for headache frequency, but it did not allow for con-
clusions on comparisons to sham controls.

Our systematic review has a broader scope than the 
previous reviews, comparing the effectiveness of inter-
ventions commonly used in a manual therapy setting to 
other conservative interventions, as well as to sham or no 
treatment. This allows for the assessment of intervention 
efficacy against control interventions that ideally account 
for expectancy effects, rather than basing recommenda-
tions solely on comparative effectiveness studies, which 
can lead to bias [9]. Such recommendations would help 
to inform patients and clinicians on the appropriateness 
of choosing manual and exercise therapy for the manage-
ment of CGH in general, and against or alongside other 
possible treatment options.

Objectives
The objective of this systematic review was to system-
atically review the effectiveness and efficacy of manual 
and exercise therapy for CGH intensity and frequency 

when compared to placebo, no treatment or other 
interventions.

Methods
The systematic review was performed following the 
PRISMA guidelines [10].

Literature search
A computerized search was conducted for the following 
electronic databases: MEDLINE (via PubMed), CEN-
TRAL, DOAJ, and PEDro. EMBASE, MEDNAR and 
SAGE databases were not consulted due to access limi-
tation, deviating from the protocol of this systematic 
review. The search was from inception to December 
2020, and was updated in January 2022 to include trials 
published after December 2020. No language restrictions 
were applied during the search, but studies were excluded 
if English, German, Italian, Spanish or Portuguese lan-
guage versions were not available in the literature. Ref-
erences of the included studies were searched manually, 
and content experts consulted to ensure that no relevant 
literature was missed. The complete search strategy is 
provided in Fig. 2.

Fig. 2 The search strategy for Pubmed, PEDro, CENTRAL, and DOAJ with the related number of articles retrieved are reported
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Eligibility criteria
The research question and eligibility criteria were 
designed following the PICOS (Participant, Interven-
tion, Comparator, Outcomes, Study design) method 
[11].

Participants
Trials with people diagnosed with CGH according to 
the IHS [2] or the CHISG [3] diagnostic criteria were 
included, regardless of participants’  age, gender or 
symptoms duration. Trials using modified versions of 
the aforementioned criteria were also included, in line 
with previous Cochrane reviews [12]. Nonetheless, for 
transparency reasons and to allow potential secondary 
analyses on the impact of diagnostic criteria on trial 
results, studies that did not state the diagnostic criteria 
used for CGH were excluded.

Intervention(s)
Manual therapy is defined as any techniques admin-
istered manually by a trained practitioner for thera-
peutic purposes [13]. For the scope of this systematic 
review, manual therapy techniques of interest included 
massage, trigger point therapy, kinesio-taping, manip-
ulation, mobilization, acupuncture (including dry 
needling) or a combination of such techniques. Exer-
cise therapy involves movement prescribed to correct 
impairments, restore muscular and skeletal function, 
and/or maintain a state of well-being. Therapeutic 
exercise modalities considered for inclusion by this 
systematic review were: endurance training (i.e. low-
load endurance exercises), resistance training (isotonic, 
isometric and isokinetic exercises), flexibility train-
ing (static and dynamic mobility exercises, stretching 
exercises) [14]. Studies which included a combination 
of manual and exercise therapy interventions (i.e. spi-
nal manipulation and stretching exercises; trigger point 
therapy and low-load endurance exercises) were 
included. Trials using reflexology, acupressure, wellness 
massage or Reiki as the experimental intervention of 
interest were excluded.

Comparator(s)/control conditions
Eligible comparators were sham and placebo controls, 
no treatment, and other active interventions.

Main outcome(s)
Headache intensity, disability, frequency and duration 
are commonly used outcomes for headaches [15, 16] 
and have been considered by previous guidelines [6]. 
The primary outcome measures of interest were head-
ache intensity and frequency, and trials not including 

these outcome measures were considered ineligible for 
the systematic review. Secondary outcomes of interest 
were disability and headache duration.

Study design
Only prospective randomized controlled trials were 
included. Case reports and case series, observational 
studies, and crossover studies were not eligible.

Screening and eligibility assessment
The literature search and de-duplication were carried out 
by a single researcher (PB). Search results were imported 
to  Endnote© and duplicates removed using the Endnote 
tool. Subsequent screening performed in Covidence [17], 
an online platform for systematic reviews.

The study selection was performed in duplicate by 
two independent reviewers (PB and VM), initially based 
on study titles and abstracts, and followed by full-text 
screening, using a pre-defined study eligibility form on an 
offline spreadsheet in conjunction with Covidence, where 
decisions on inclusion/exclusion of trials were made. 
Disagreements were discussed by the two reviewers, and 
mediated by a third party if necessary. Screening proce-
dures were pre-tested by calculating a Kappa score on a 
sub-sample of retrieved studies [18].

Data extraction
Two independent reviewers (PB and VM) extracted data 
using a predefined data extraction form on an offline 
spreadsheet, and consensus was reached by discus-
sion and mediation in case of disagreements. Data were 
extract for: author and date of the trial, experimental and 
control interventions studied, primary and secondary 
outcome measures considered, duration and frequency of 
the intervention, and follow-up measurements times. For 
the primary and secondary outcome measures of interest 
for this review, values were extracted for all reported time 
points and groups. Where necessary, data were extracted 
from figures using the Adobe  Reader© measurement tool.

A description of potentially relevant studies excluded 
at the full-text screening stage with reasons for exclusion 
was provided in the results section.

Risk of bias assessment
Risk of bias (RoB) assessments were performed by two 
reviewers (PB and VM) using the criteria proposed by the 
Cochrane Back and Neck Group [19], and consensus was 
reached by discussion when needed. Inter-rater reliability 
was assessed using Kappa score [18]. As recommended 
by the authors of the RoB tool, trials were not categorized 
according to arbitrary cut-off points of the overall score. 
Instead, studies were considered as overall low-RoB if no 
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individual domain was rated as “high” or “unsure” RoB. 
Studies which scored “unsure”, but not “high”, for one or 
more items, were considered as overall unsure RoB, and 
“high” if any individual item was rated as high RoB.

A common concern in manual and exercise therapy 
studies is the lack of blinding of patients, providers, 
or both [20, 21]. Obscuring treatment allocation from 
patients, and in particular therapists, is inherently dif-
ficult due to the complex and participatory nature of 
most interventions [22]. To avoid unduly skewing RoB 
assessments, and aligning with a previous meta-analysis 
of physiotherapy for headaches [12], the items “patient 
blinding”, “assessor blinding” and “therapist blinding” 
were considered non-applicable. Following methodology 
recommendations, the RoB assessment for each trial was 
outcome-specific [23]. Considering that the primary and 
secondary outcome measures of interest of this system-
atic review constituted of subjective outcome measures, 
the RoB assessment for headache intensity, frequency, 
duration and disability could be summarized across these 
outcomes. Where objective or clinically-observed out-
comes were evaluated, a separate RoB assessment was 
provided.

Data synthesis
Descriptive analysis
A detailed description of study characteristics and RoB 
assessments was provided in the results section. For the 
descriptive analysis, trials were sub-grouped according 
to the specific experimental intervention used. Data from 
the included trials were presented in a summary table.

In order to determine whether statistically significant 
changes constituted important clinical benefits or detri-
ments for patients, Minimal Clinical Important Differ-
ences (MCIDs) were analyzed when available from the 
literature for a specific outcome measure. The MCID 
is defined as the smallest difference in score in any out-
come that patients can perceive as beneficial or harmful. 
MCIDs allow for the appreciation of patients’ perspec-
tives on their health and treatments, making MCIDs an 
important factor in decision-making [24]. To facilitate 
the interpretation of the findings, RoB judgements and 
estimates of outcomes, as well as available data on sta-
tistical (P value) and clinical significance (MCIDs) were 
described in separate summary tables.

Regarding MCIDs for the outcome measures of inter-
est in this systematic review, headache intensity is often 
assessed via a Visual Analogue Scale (VAS) or Numeric 
Pain Rating Scale (NPRS), headache frequency is often 
reported as “number of days with headache in last 2 or 
4  weeks”, and disability as the Neck Disability Index 
(NDI). The aforementioned pain scales have been shown 
to be reliable in assessing pain intensity and disability 

[7, 25, 26, 28]. Nonetheless, MCIDs of these scales for 
CGH have only been derived for NPRS (2.5-point reduc-
tion after 4  weeks of intervention) [16], NDI (5.5-point 
reduction at 4 weeks) [16], and headache frequency (50% 
reduction of days with headache) [29]. MCIDs for head-
ache duration were not found in the literature. Through-
out the Results and Discussion, findings were only 
contextualized with MCIDs when these were available 
from the literature for the respective outcome measure.

Meta‑analysis
The quantitative synthesis was performed using Rev-
Man 5 (Review Manager 5 software, Version 5.4) [30]. 
For continuous outcomes, studies were compared using 
standardized mean differences (SMDs) and standard 
deviations (SDs). In cases of missing data, study authors 
were contacted. If the missing data were not accessible 
and not imputable from other reported data, articles 
were excluded from quantitative analyses. Q statistics 
and  I2 were used to assess statistical heterogeneity. Ran-
dom effects models were employed to calculate over-
all effects, and forest plots to depict estimates. SMDs 
between 0.2 and 0.5 were considered as small effect sizes, 
SMD between 0.5 and 0.8 moderate effect sizes, and 
SMD > 0.8 were considered large effect sizes [31].

Due to large differences in the designs of the included 
trials, the strategy for data pooling was changed from the 
one proposed in the protocol to allow for a more nuanced 
interpretation of the findings. Studies were compared 
only when the control interventions were comparable 
(i.e. grouping trials with sham or placebo controls, tri-
als with no-treatment controls, and trials with other 
interventions), and pooling was divided into short-term 
(< 3  months) and long-term (> 3  months) endpoints, in 
line with previous systematic reviews on this topic [32]. 
When a single study reported multiple outcome assess-
ments within the same time period (e.g. 2 or more fol-
low-ups before 3 months), data for the time point closest 
to the other pooled studies were used. When trials with 
high or unsure RoB were included in the meta-analysis, 
a sensitivity analysis was also conducted, excluding the 
high or unsure RoB studies.

GRADE assessment
The GRADE (Grading of Recommendations Assessment, 
Development and Evaluation) approach [33] was used to 
evaluate the overall quality of the evidence for each out-
come of interest. In brief, the overall quality of evidence 
for each pooled estimate was initially considered “high”, 
and could be downgraded by 1 level for each of the fol-
lowing 5 criteria: RoB (any of the trials included in the 
analysis showed “high” or “unsure” RoB [34], inconsist-
ency (large heterogeneity among trials,  I2 > 50%) [35], 
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imprecision (< 400 participants for each comparison) 
[36], indirectness (indirectness of population, outcomes 
or intervention) [37], and publication bias (which was 
assessed with a funnel plot and Egger’s test if 10 or more 
studies were pooled) [38]. Two reviewers (PB and VM) 
applied the criteria. A GRADE profile was completed for 
each pooled estimate. The following definitions of qual-
ity of the evidence were applied [39]: high quality (further 
research is very unlikely to change our confidence in the 
estimate of effect), moderate quality (further research is 
likely to have an important effect on our confidence in 

the estimate of effect and may change the estimate), low 
quality (further research is very likely to have an impor-
tant effect on our confidence in the estimate of effect and 
is likely to change the estimate), and very low quality (we 
are very uncertain about the estimate).

Results
The detailed process of study selection performed in 
January 2022 is presented in the PRISMA flow diagram 
(Fig. 3).

Fig. 3 PRISMA flow diagram of the systematic search and selection process
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After deduplication, the literature search identified 80 
potentially relevant trials. Twenty studies were included 
in the final review, with a total of 1439 patients. The 
eligibility assessment had strong inter-rater reliability 
(Cohen’s Kappa = 0.92).

Trials were mainly excluded during the full-text screen-
ing due to ineligible pathologies (i.e. different headaches) 
[40–44], outcome measures [45–48], and unclear diag-
nostic criteria for CGH [49, 50]. Table  1 provides the 
characteristics of the included trials.

As part of the inclusion criteria, all included trials 
described the diagnostic criteria used during their screen-
ing process. The official ICHD and CHISG diagnostic cri-
teria [2, 3] were strictly followed by a limited number of 
studies, whilst the majority utilized modified versions of 
such criteria. In most cases, the discrepancy between the 
official sets of criteria and the ones used by the trials was 
the absence of diagnostic nerve blocks, which is a funda-
mental criterion for the CHISG, but not for the IHS.

Risk of Bias
The RoB analysis showed high inter-rater reliability 
(Cohen’s Kappa = 0.87). Overall RoB was low in eight tri-
als [53, 55, 56, 60, 61, 66–68], unsure in six trials [51, 58, 
62–64, 69], and high in six trials [52, 54, 57, 59, 65, 70] for 
the primary and secondary outcome measures. Further 
detail regarding the RoB of individual studies is found in 
Table 2.

Descriptive analysis: primary outcome measures
Among the included trials, the majority analyzed man-
ual therapy in isolation: six focussed on spinal manip-
ulation [52, 53, 55, 56, 61, 68], two on trigger point 
therapy [51, 58], two on spinal mobilization [57, 60], 
and one study each on kinesio-taping [54] and dry nee-
dling [62]. Seven trials used a combination of manual 
and exercise therapy [59, 63, 64, 66, 67, 69, 70], and 
two used exercise therapy alone [59, 65]. Ten studies 
used “other interventions” in their control groups (e.g. 
spinal mobilization, scapulo-thoracic exercises, trig-
ger point therapy), nine studies used sham or placebo 
interventions, and four used no treatment. Nine stud-
ies had a long-term follow-up, and the last follow-ups 
among these studies averaged 42  weeks, ranging from 
3  months to 2  years.  Headache intensity was assessed 
with an 11 or 101-point Visual Analogue Scale (VAS), 
11-point Numerical Pain Rating Scale (NPRS), 11-point 
Coloured Analogue Scale (CAS), and with a 100-point 
Modified Von Korff Scale. Composite headache ques-
tionnaires, which combined headache intensity, fre-
quency, and other outcome measures, were used in two 
trials; these were not comparable to other pain inten-
sity scales and relevant raw data could not be accessed 

[57, 62]. Headache frequency was assessed as the “num-
ber of days (with headache) in the previous four weeks”, 
“days in the previous two weeks”, or as “days in the pre-
vious week”. The following descriptive analysis is cat-
egorized according to the main study interventions and 
provides a brief overview of the findings from included 
trials. Tables 1 and 3 include further detail, list the sta-
tistical significance and MCIDs and should be referred 
to for a complete overview of the trials’ results.

Only 8 of the included trials reported whether adverse 
events were monitored. No severe adverse events were 
reported, but minor or transient adverse effects were 
noted in 3 trials [59, 64, 68], which are described in 
Table 4.

Spinal manipulation
Overall, 8 trials assessed the effectiveness of spinal 
manipulation. Two trials with low RoB [56, 57] (n = 336) 
compared spinal manipulation alone to sham treat-
ments and found statistically significant changes in 
favor of spinal manipulation (p < 0.05) at short and long 
term. MCIDs for headache intensity and frequency were 
reached by one trial only [56], but over half of the par-
ticipants receiving a higher dose of spinal manipulation 
achieved at least a 50% improvement in such outcomes in 
the second trial [57].

Three trials with low RoB (n = 306) compared spinal 
manipulation to other forms of manual therapy [53, 61, 
68]. Spinal manipulation was found more effective than 
spinal mobilization and cranio-cervical flexion exer-
cises (p < 0.001) [53], and multimodal therapy (deep fric-
tion massage, trigger point therapy, light laser therapy) 
(p < 0.05) [61], and MCIDs were reached at short and long 
term. A combination of spinal manipulation and electrical 
dry needling was found more effective than spinal mobili-
zation and cranio-cervical exercises at short and long-term 
[68]. Important clinical changes were also found in favor of 
spinal manipulation (with or without exercise therapy] for 
headache frequency and intensity in two high and unsure-
RoB trials (n = 245) [59, 69] at short and long term.

Spinal mobilization
The effectiveness of spinal mobilization was assessed 
by two trials with low RoB [60, 66] (n = 120) and one 
study with unsure RoB [63] (n = 36). Spinal mobiliza-
tion (with or without exercise therapy) was found more 
effective than no-treatment [60], massage and exercise 
therapy [66], and postural correction or exercise ther-
apy [63] (p < 0.05) at short term. For outcome measures 
with MCIDs available from the literature, MCIDs were 
reached within four to seven weeks in all trials.
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Myofascial trigger point therapy
Two trials with small sample sizes (n = 38), unsure RoB 
and no long-term follow-up found statistically significant 
superiority of sternocleidomastoid myofascial trigger 
point release for CGH compared to sham trigger point 
therapy (p < 0.001), and a no treatment control (p < 0.05) 
[51, 58].  MCIDs for headache intensity and frequency 
were reached.

Dry needling
The unsure-RoB trial by Sedighi et al. [62] (n = 30) found 
no statistically significant changes (p > 0.05) for sub-
occipital and trapezius dry needling compared to sham 
acupuncture at 1 week.

Temporo‑mandibular joint (TMJ) treatment
One trial with unsure RoB (n = 43) [64] compared a 
similar set of manual and exercise therapy interventions 
(mobilization, trigger point release, coordination and 
stretching exercises depending on the therapists’ clinical 
decision) either directed to the TMJ area or to the cranio-
cervical region in people living with CGH and showing 
signs of TMJ dysfunction. They found superior effects for 
the TMJ group (p < 0.001) at 6 months.

Kinesio‑taping
Kinesio-taping was compared to sham taping and to 
home rehabilitation by one high-RoB trial [54] (n = 101), 
and statistical (p < 0.01) and clinical improvements at 4 
and 8  weeks were reported. The study population con-
sisted of teenagers aged 14–16 diagnosed with CGH and 
with presence of cervical “myogenic trigger zones”.

Therapeutic exercise
Two high-RoB trials (N = 140) assessed the effectiveness 
of therapeutic exercise in isolation. Jull et  al. [59] com-
pared low-load endurance cervico-scapular exercises to 
no treatment, and found statistical significant changes 
in headache intensity and frequency at 7  weeks and 
12 months (p < 0.05). MCIDs were reached for headache 
frequency.

The high-RoB trial by Yang and Kang [65] (n = 30) com-
pared cranio-cervical flexion exercises alone and manual 
suboccipital manual relaxation alone to a no-treatment 
control group. Despite between-group differences in 
headache intensity reported as significant (p < 0.05), the 
values reported in the study for the follow-up assessment 
were unequivocally mistaken (values of > 350 for a 0–100 
VAS). The authors of the trial were contacted without 
success.

Table 4 Adverse events reported by each trial are described

Study Adverse events

Bodes‑Pardo et al. [51] Not reported

Chaibi et al. [52] No severe or serious adverse effects

Dunning et al. [53] No severe or serious adverse effects

Esin et al. [54] Not reported

Haas et al. [55] Not reported

Haas et al. [56] No severe or serious adverse effects

Hall et al. [57] Not reported

Jafari et al. [58] Not reported

Jull et al. [59] No severe or serious adverse effects. 6.7% of total headaches experienced by participants during the trial were reported to be 
caused by the treatment

Malo‑Urriès et al. [60] No severe or serious adverse effects

Nilsson et al. [61] Not reported

Sedighi et al. [62] Not reported

Sharma et al. [63] Not reported

von Piekartz et al. [64] No severe or serious adverse effects. 3 patients dropped out after the second follow up due to worsening of their symptoms

Yang and Kang [65] Not reported

Youssef and Shanb [66] Not reported

Abdel et al. [67] Not reported

Dunning et al. [68] No severe or serious adverse effects. 60% of participants in the dry needling group experienced localized soreness, and 24% 
localized ecchymosis, resolved withing 48 h. 4% experienced drowsiness or nausea, resolved within several hours

Lerner‑Lentz et al. [69] Not reported

Moustafa et al. [70] No severe or serious adverse effects
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Self‑sustained Natural Apophyseal Glide (SNAG)
Hall et  al. [57] (n = 32) compared SNAG treatment to 
sham-SNAG. Patients were asked to perform SNAG 
autonomously twice daily for twelve months. A headache 
index was used as primary outcome measure, and signifi-
cant between-group differences were found in favour of 
the experimental group at 4  weeks and twelve months 
(p < 0.05). Poor treatment compliance in the control 
group at four weeks, and in both groups at twelve months 
was reported, and the study had high RoB.

Graston technique
The low-RoB trial by Abdel et al. [67] (n = 60) compared 
Graston mobilization plus therapeutic exercise to exer-
cise alone, and found between-group differences favor-
ing Graston mobilization for headache intensity and 
frequency (p < 0.001) at four weeks. MCIDs for headache 
frequency were reached at 4 weeks.

Dennerol cervical extension traction
The high-RoB trial by Moustafa et al. [70] (n = 60) com-
pared two groups treated with a mix of manual and 
exercise therapy, where the experimental group was also 
treated using the Dennerol traction device. The experi-
mental group had significant improvements (p < 0.001) 
compared to the control group at ten weeks, one and two 
years for headache frequency, which also reached the 
MCID at all timepoints.

Descriptive analysis: secondary outcome measures
Table 5 shows the results for the other outcome measures 
considered by each of the included studies, reporting lev-
els of statistical and clinical significance when available, 
and the reader is invited to consult it for a more precise 
interpretation of the following section. The most com-
mon additional outcome measures used by the RCTs and 
included in this systematic review were disability (eleven 
trials), headache duration (eight trials) and pressure-
pain-thresholds (seven trials). Cervical spine range of 
motion (CROM) and Medication intake were assessed 
in six trials, perceived change in four trials, and cervical 
flexors performance in three trials. A descriptive descrip-
tion of secondary outcome measures of interest (head-
ache duration and disability) is provided in Table 5.

Disability
When disability was measured with the NDI, five stud-
ies [53, 63, 64, 67, 68] found significant within- and 
between-group differences favoring experimental inter-
ventions (p < 0.05) when compared to “other interven-
tions”. MCIDs were reached in four trials [53, 64, 67, 68], 
whilst the absence of raw data did not permit analysis of 
the fifth trial [63].

Youssef and Shanb and Lerner-Lentz et al. [66, 69] did 
not find significant between-group differences, although 
all groups involved in this study had a significant within-
group improvement (p < 0.001 and p < 0.05 respectively) 
and reached the MCID for the NDI.

The two trials by Haas et al. [55, 56] found significant 
differences favouring spinal manipulation over sham 
manipulation at 6, 12 and 24 weeks (p < 0.05).

Sedighi et  al. [62] found a greater efficacy of dry nee-
dling over sham acupuncture at one week after a single 
application (p < 0.001).

Headache Duration
Headache duration was measured as hours with head-
ache per day or per week. The 2016 and 2018 trials by 
Dunning et  al. [53, 68] found significant improvements 
after spinal manipulation at one week, four weeks and 
three months (p < 0.05). Jafari et al. [58] found effective-
ness of trigger point therapy in decreasing headache 
duration at three weeks (p < 0.05). Jull et  al. [59]  found 
manual therapy with or without exercise therapy to be 
more effective than no treatment for headache duration 
at seven weeks and twelve months (p < 0.05), but low-load 
endurance exercise was not statistically more beneficial 
than no treatment (p > 0.05). Sharma et  al. [63] found 
significant effects of mobilization and low-level exercise 
compared to postural correction and endurance exer-
cise (p = 0.001) at four weeks. Significant improvements 
(p < 0.05) were also found for the experimental group by 
Youssef and Shanb [66], comparing cervical mobilization 
to massage therapy. Graston mobilization were found 
more effective than therapeutic exercise at four weeks for 
headache duration (p < 0.001) by Abdel et al. [67].

Meta-analysis
Due to the various differences in the design of included 
trials, only six studies were deemed comparable in a 
meta-analysis [51, 52, 54–56, 62]. Specifically, data pool-
ing was only possible for trials with sham controls, as 
not enough studies were comparing interventions to no-
treatment controls or to other active interventions. For 
the pooled trials, meta-analysis was feasible for headache 
intensity and frequency both at short and long-term, and 
for disability at short-term.

As illustrated by the forest plots (Figs.  4, 5, 6, 7 and 
8), a large effect was found in favour of manual therapy 
for headache intensity and moderate-to-large effects for 
headache frequency at short-term. For disability, there 
was a small-to-moderate effect at short-term. Long-term 
effects were  small-to-moderate for headache intensity 
and small for headache frequency. The GRADE assess-
ment for the quality of evidence showed very low qual-
ity of evidence for Headache Intensity and Frequency 
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 p
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r D
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 c
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at short term (downgraded due to risk of bias, incon-
sistency, and imprecision), and low quality of evidence 
for Headache intensity, frequency and disability at long 
term (downgraded due to risk of bias and imprecision). 
As none of the comparisons included 10 or more studies, 
publication bias could not be assessed [38]. The summary 
of findings table can be found in Fig. 9.

Only two trials in the meta-analysis had a low RoB for 
primary and secondary outcome measures, and both ana-
lyzed spinal manipulation. A sensitivity analysis including 
only these two studies was performed. The trials included 
groups with different dosages of the same intervention 
as parallel experimental groups. Haas et al. [55] contrib-
uted to data pooling with two comparisons: manipulation 
vs sham (8 sessions) and manipulation vs sham (16 ses-
sions). For the 2018 trial by Haas et al. [56], means and 
standard deviations for the three experimental groups 
were combined, and compared to the single control 
group. The sensitivity analysis showed small effect sizes 
at short-term for headache intensity, frequency and dis-
ability (Figs. 10, 11, 12). Small effects were also found at 
long-term for headache intensity and frequency (Figs. 13, 
14). The GRADE assessment [33] showed moderate qual-
ity of evidence for the sensitivity analysis results for each 
comparison. The GRADE evidence table for the sensitiv-
ity analysis is presented in Fig. 15.

Discussion
The aim of this systematic review and meta-analysis 
was to assess the effects of manual and exercise therapy 
on headache intensity, frequency and other headache-
related outcomes in patients experiencing CGHs.

Overall, this review found evidence consistently sup-
porting the use of various manual therapy modalities 

for the management of CGH, based on nineteen RCTs, 
eight of which with a low RoB for the outcome meas-
ures of interest. In particular, there is stronger evidence 
favoring the use of spinal manipulation, spinal mobili-
zation and Graston technique, while the positive effects 
of other interventions of interest are supported by 
fewer, low or unsure-RoB trials.

The meta-analysis of sham-controlled manual ther-
apy trials showed moderate-to-large positive effects 
for manual therapy in reducing headache intensity, 
frequency and low-to-moderate positive effects on 
disability at short-term compared to sham. This meta-
analysis also showed small-to-moderate and small 
positive effects for headache intensity and frequency 
at long-term. The GRADE assessment showed very low 
quality of evidence supporting manual therapy for the 
short-term estimates, and low quality of evidence of 
the long-term comparisons. A sensitivity meta-analy-
sis including only low-RoB trials showed small effects 
of spinal manipulation for headache intensity and fre-
quency at short and long-term, and for disability at 
short-term. The results of the GRADE assessment of 
the sensitivity meta-analysis showed moderate qual-
ity of evidence and can be interpreted as “the authors 
believe that the true effect is probably close to the 
estimated effect”. Considering the differences in the 
GRADE assessment and the resulting quality of evi-
dence between the meta-analysis and the sensitivity 
analysis, the pooled estimates provide stronger evi-
dence for the efficacy of spinal manipulation than other 
manual or exercise therapies. In particular, further 
studies are needed to allow data pooling and to assess 
the effectiveness of exercise therapy as a stand-alone 
treatment, but the integration with manual therapy 

Fig. 4 Forest plot for sham‑controlled manual therapy trials assessing headache intensity at short term (< 3 months). Outcome measures are 
reported as standardized mean changes with RoB assessment for each study
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Fig. 5 Forest plot for sham‑controlled manual therapy trials assessing headache frequency at short term (< 3 months). Outcome measures are 
reported as standardized mean changes with RoB assessment for each study

Fig. 6 Forest plot for sham‑controlled manual therapy trials assessing disability at short term (< 3 months). Outcome measures are reported as 
standardized mean changes with RoB assessment for each study

Fig. 7 Forest plot for sham‑controlled manual therapy trials assessing headache intensity at long term (> 3 months). Outcome measures are 
reported as standardized mean changes with RoB assessment for each study
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appears to be effective based on relevant combinational 
trials included in this review [59, 63, 64, 66–69].

When comparing the results of this systematic review 
with a previous systematic review that only used con-
servative care as control [7], we notice that the trials 
pooled in this previous review were different and led 
to different results. The lack of effectiveness of spinal 
manipulation and mobilization reported by the previ-
ous systematic review compared to the moderate-size 
positive effects found in the current meta-analysis, 
strengthens the importance of comparing the inter-
ventions of interest to sham interventions. Another 

systematic review and meta-analysis [8] found a simi-
lar direction of results, although with generally smaller 
effect sizes for headache intensity, frequency and dis-
ability at both short and long term. The smaller effects 
seen in the [8] review are explained by a different 
grouping of trials (which included no-treatment com-
parators), and different treatment of individual trials 
[55, 56] in its meta-analysis.

Furthermore, the sensitivity analysis included in the 
present manuscript allows for a more robust interpreta-
tion of the effects of spinal manipulation, and provides 
higher-quality evidence.

Fig. 8 Forest plot for sham‑controlled manual therapy trials assessing headache frequency at long term (> 3 months). Outcome measures are 
reported as standardized mean changes with RoB assessment for each study

Fig. 9 The summary of findings describes the overall quality of evidence for each outcome measure considered following GRADE assessment, with 
justifications for downgrading each pooled estimate [33]. Studies included in this analysis were pooled regardless of their RoB assessment
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Fig. 10 Forest plot for sham‑controlled, low‑RoB manual therapy trials assessing headache intensity at short term (< 3 months). Outcome measures 
are reported as standardized mean changes with RoB assessment for each study

Fig. 11 Forest plot for sham‑controlled, low‑RoB manual therapy trials assessing headache frequency at short term (< 3 months). Outcome 
measures are reported as standardized mean changes with RoB assessment for each study

Fig. 12 Forest plot for sham‑controlled, low‑RoB manual therapy trials assessing disability at short term (< 3 months). Outcome measures are 
reported as standardized mean changes with RoB assessment for each study
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Comparing the results of the present review to the 
clinical indications proposed by Cote et  al. in previous 
guidelines [6], the existing recommendations for the use 
of manual therapy and exercise are strengthened, espe-
cially regarding spinal manipulation and mobilization. In 
fact, 10 of the 11 included trials of spinal manipulation 
and mobilization reported clinical and statistical superior 
effects for the experimental group compared to controls. 
Contrastingly, the evidence was limited to fewer trials 
with high or unsure risk of bias for other manual therapy 
interventions (myofascial trigger point therapy, dry nee-
dling, kinesio-taping, Graston technique, Dennerol cer-
vical traction) and for exercise therapy. The guidelines’ 
manual therapy recommendations are strengthened 
further by the results of our meta-analysis, while meta-
analysis was not feasible for exercise trials. Previous 
guidelines discourage combinations of manual therapy 
and low-load endurance cervico-scapular exercise, based 

on a single high-risk of bias trial [59]. The present sys-
tematic review found that the addition of Graston tech-
nique to an exercise plan provided statistical significant 
improvements compared to the exercise regime alone 
[67]. Consequently, although these findings are in line 
with existing guidelines, the evidence seems to suggest 
that clinicians could consider offering patients a mixed 
approach which combines manual therapy and stretch-
ing, isometric exercises and postural correction.

The Cote et  al. guidelines [6] also provide indications 
on the dosage of such interventions, recommending a 
maximum of 10 manual therapy sessions. Nonetheless, 
one trial [56] included in our sensitivity meta-analysis 
reported a higher efficacy of spinal manipulation at 18 
sessions, compared to 12 or 6 sessions. Consequently, 
although this systematic review confirms that spi-
nal manipulation is the intervention with the greatest 
amount and quality of evidence available, a higher dose of 

Fig. 13 Forest plot for sham‑controlled, low‑RoB manual therapy trials assessing headache intensity at long term (> 3 months). Outcome measures 
are reported as standardized mean changes with RoB assessment for each study

Fig. 14 Forest plot for sham‑controlled, low‑RoB manual therapy trials assessing headache frequency at long term (> 3 months). Outcome 
measures are reported as standardized mean changes with RoB assessment for each study
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interventions may be necessary to obtain statistically and 
clinically significant improvements, which contrasts with 
previous guidance.

Shared decision-making and patient education should 
be the basis of choosing an intervention, as per current 
literature and CGH guidelines [6]. To facilitate this pro-
cess, the present review also considered MCIDs and 
adverse events wherever possible. MCIDs could be used 
to contextualize the review’s findings for three outcome 
measures (headache intensity with NPRS, headache fre-
quency, disability measured by the NDI). To be mean-
ingful to patients, changes in NPRS and NDI need to 
be at least 2.5 and 5.5 points [16], respectively, within 
four weeks; recognizing, however, that meaningfulness 
likely differs between groups of patients and that more 
research on context-sensitive MCIDs may be required. 
In the reviewed studies, MCIDs were largely reached, 
despite treatment intensities and dosages varying widely. 
Considering the context and time required to achieve 
the clinical benefits observed in the present review, the 
magnitude of the changes seems to justify the resources. 
Weighing intervention risks against patient-perceived 
benefits, it has been reported that up to 50% of patients 
receiving manual therapy can experience transient mild 
adverse effects. These are generally self-resolving within 
48–72  h, which is lower than the risk with most drug 
therapies [13]. The incidence of adverse events reported 
in the included trials is well below 50%, and no serious 
adverse events were reported. While such data under-
lines the relative safety of manual therapy for CGH, 
patients should be informed about the possibility of 
experiencing transient adverse effects. Considering the 

results of this systematic review, the authors recommend 
that practitioners discuss with patients the available evi-
dence regarding the effectiveness of manual and exer-
cise therapy and alternative interventions as well as their 
costs and risks. This will promote realistic expectations 
for people experiencing CGH, supporting them to make 
an informed decision about their health.

To the authors’ knowledge, this is the first systematic 
review and meta-analysis of CGH trials to assess such a 
wide range of interventions and to analyze trials using 
different control interventions, which makes it the most 
comprehensive review available on CGH. Furthermore, 
the rigorous data pooling methodology, the presence of 
a sensitivity analysis based on low-RoB trials only, the 
thorough analysis of each trial and their MCIDs as well as 
the various GRADE assessments for each of the pooled 
estimates, allow a more specific interpretation of the 
findings, compared to previous systematic reviews and 
meta-analyses on this topic. Limitations to this review 
were the exclusion of trials in Chinese, the limited num-
ber of published trials, small group sizes, and the preva-
lence of trials with unclear or high RoB. Differences in 
trial design (notably choice of comparators and treat-
ment dosage) limited the number of studies that could 
be pooled for meta-analysis. A notable challenge in trial 
design in the field of manual therapy and exercise therapy 
research is the intrinsic difficulty in patient and therapist 
blinding, and a limitation to this systematic review is that 
the included trials rarely evaluated the patient-blinding 
effectiveness. Consequently, even in sham-controlled tri-
als it remains unclear whether the influence of patient 
expectations was adequately controlled [20–22]. Some 

Fig. 15 The summary of findings describes the overall quality of evidence for each outcome measure following GRADE assessment, with 
justifications for downgrading each pooled estimate [33]. Only low‑RoB studies were pooled for this analysis
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of the included trials had further specific limitations. In 
both trials assessing trigger point therapy [51, 58], partic-
ipants were included only when showing signs of a trig-
ger point at the sternocleidomastoid muscle, which might 
not be representative of all people living with CGH and 
could limit the generalizability of these conclusions. Sim-
ilarly, the presence of TMJ dysfunction as inclusion crite-
rion in the trial by von Piekartz et al. [64] decreases the 
generalizability of the findings, although the results can 
be considered when making treatment recommendations 
specific to patients with TMJ dysfunction.  Considering 
the concerns about methodological and reporting qual-
ity of the trial by Yang and Kang [65], it is the opinion of 
the authors of this systematic review that no conclusions 
should be drawn from this study.

Furthermore, only trials on spinal manipulation were 
included in the sensitivity meta-analysis, restricting the 
relevance of the meta-analysis to this particular inter-
vention. Another common limitation in trials on physi-
cal therapy is that the standardized treatment procedures 
described in the intervention groups seldom reflect com-
mon practice, where the choice of the intervention is spe-
cific to the patient, rather than being standardized across 
patients. This can limit the translatability of guidelines 
to clinical practice [71]. A further limitation is that only 
11 of the included trials were excluding participants with 
co-existing headaches, which could have similar charac-
teristics to CGH and confound trial results. This and the 
considerable overlap across headache types in various 
diagnostic classifications, pose a considerable limitation 
to the systematic review. Nonetheless, it could be argued 
that due to the diagnostic challenges, this limitation 
might be considered inherent to headache trials [12]. In 
addition, 60% of the trials did not provide data on adverse 
events, which might keep readers unaware of possi-
ble major or minor complications experienced by par-
ticipants. Considering the limitations described and the 
low-to-moderate quality of evidence found with GRADE, 
further *16 RCTs are expected and necessary to clarify 
the role of manual and exercise therapy, especially for 
interventions other than spinal manipulation. In order to 
generate more comparable and high-quality evidence for 
these interventions for CGH, future primary research on 
this topic should consider the limitations encountered in 
this systematic review.

Conclusion
Manual therapy (with or without exercise therapy) appears 
to be a safe and effective intervention for CGH, and should 
be considered in the management of this condition, as 
already proposed by the latest guidelines [6]. The main 
body of evidence favours the use of spinal manipulation 
to reduce headache intensity, frequency and disability, but 

other forms of manual therapy and exercise therapy were 
found to be consistently beneficial for other outcomes 
across the trials. Future research with low-RoB RCTs, 
higher numbers of participants, better-defined headache 
populations, and more homogeneous trial designs is nec-
essary to confirm these findings. The relevance for clinical 
practice is considerable, as reflected by the amount of clini-
cal guidelines proposing some form of manual or physical 
therapy in the management of headaches, and the large 
number of patients seeking this type of intervention to 
manage their headache symptoms.
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