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ABSTRACT
Background: Patients with cervicogenic dizziness (CGD) present with dizziness, cervical spine 
dysfunctions, and postural imbalance, symptoms that can significantly impact their daily 
functioning.
Objectives: To provide evidence-based recommendations for the management of patients 
with CGD.
Methods: Three databases were searched for randomized controlled trials (RCTs) (last search 
15 May 2021). Outcome measures included dizziness, cervical spine, and balance parameters. 
Cochrane standard methodological procedures were used and included the RoB 2.0 and 
GRADE. Where possible, RCTs were pooled for meta-analysis.
Results: Thirteen RCTs (n = 898 patients) of high (two RCTs), moderate (five RCTs), and low (six 
RCTs) methodological quality were analyzed. Six RCTs were included in the meta-analysis. Only 
three RCTs specified the cause of CGD. They showed inconsistent findings for the effectiveness 
of exercise therapy in patients with traumatic CGD. Manual therapy and manual therapy 
combined with exercise therapy may reduce CGD, cervical spine, and balance dysfunctions.
Conclusion: There is moderate quality of evidence that manual therapy reduces CGD, cervical 
spine, and balance symptoms. When manual therapy is combined with exercise therapy, the 
positive effect on CGD, cervical spine, and balance symptoms is even stronger. However, the 
quality of the evidence here is very low.
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Introduction

Dizziness is a frequently occurring symptom with a 
lifetime prevalence between 15% and 35% in the gen
eral population [1–6]. There are many different causes 
of dizziness, including vestibular, cardiorespiratory, 
neurological, mental/psychiatric, and cervical [7]. 
Cervical-related dizziness can be divided further into 
dizziness caused by altered blood flow in the cervical 
arterial blood vessels, either by compression (e.g. ver
tebrobasilar insufficiency) or disruption (e.g. sympa
thetic plexus induced vasoconstriction) [8,9], and 
dizziness caused by altered functioning of the cervical 
proprioceptors [10,11]. The latter is called cervicogenic 
dizziness (CGD) and is the scope of this review.

The cervical proprioceptors are very densely concen
trated in the cervical zygapophyseal joints of C1 to C3 
and the deep segmental upper cervical muscles [12,13]. 
They can become dysfunctional due to trauma [14], 
muscle fatigue [15], degenerative changes [10] and/or 
inflammation. In addition, due to the altered cervical 
proprioceptive information to the central nervous 

system, head and body posture control may be 
impaired, and dizziness may occur due to a sensory 
mismatch with the information from the vestibular 
and visual systems [11,16].

Dizziness, cervical spine, and balance complaints 
can significantly impact patients’ daily functioning 
[17,18]. Therefore, it is essential to find adequate ther
apeutic methods for patients with CGD. Across studies, 
multiple interventions have been described. A fre
quently discussed therapeutic method is manual ther
apy. Manual therapy (both mobilization and 
manipulation techniques) targeting the upper cervical 
spine has been shown to not only reduce muscle 
spasms and restore zygapophyseal joint mobility and 
joint play, but also to promote the flow of afferent 
information, including proprioceptive input, toward 
the central nervous system [19–21]. This theoretical 
effectiveness of upper cervical manual therapy for 
CGD has been confirmed in clinical studies [22–24]. 
Furthermore, there is a theoretical framework for the 
use of vestibular rehabilitation for CGD as well. It has 
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been postulated that vestibular exercises can stimulate 
the vestibulo-cerebellar system to compensate for the 
altered cervical afferent input [22,25].

It remains, however, unclear what the effective
ness is compared to other therapeutic approaches 
in reducing CGD. In addition, no summary is avail
able showing which therapeutic strategies are 
effective for cervical spine and balance complaints 
in patients with CGD.

Central sensitization or nociplastic pain (i.e. 
increased responsiveness of the central neurons 
to noxious input) is a common feature in patients 
with (whiplash) neck trauma [26–28]. Furthermore, 
this cervical sensory hypersensitivity has been 
linked to prolongation of postural balance com
plaints [29,30] and can therefore complicate ther
apy. To ascertain whether patients with and 
without traumatic CGD should require a different 
therapeutic approach, the results in this study are 
discussed separately for these two subgroups of 
patients.

This review aims to evaluate the average inter
vention effect of different therapeutic methods on 
dizziness, and secondarily on the cervical spine and 
balance symptoms in patients with CGD of both 
traumatic and non-traumatic origin.

Methods

This systematic review has been drafted according 
to the recommendations of The Cochrane 
Handbook for Systematic Reviews of Interventions 
[31] and the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [32]. A protocol of this study was sub
mitted prospectively (PROSPERO – registration num
ber CRD42020140301).

Information sources and search strategy

Electronic databases of PubMed, Embase and Web 
of Science were searched up to 15 May 2021. The 
search strategies (APPENDIX A), formulated in 
agreement with three subject matter experts (C. 
D.V., S.R., W.D.H.), included both terms (and syno
nyms) for CGD and for therapeutic methods. In 
addition, nonspecific terms were used for thera
peutic methods to allow a broad search in the 
literature. Additional terms were added to include 
only randomized controlled trials (RCTs).

Article selection

The study inclusion criteria were: (1) patients (≥ 
18 years old) who presented with both dizziness 
and a cervical spine dysfunction, either reported as 
such or implied by mentioning cervical spine 

symptoms or cervical spine triggers for dizziness; 
(2) evaluation of the effectiveness of therapeutic 
methods on CGD (primary outcome measure), cer
vical spine and balance symptoms (secondary out
come measures); (3) RCT design; and (4) written in 
English or Dutch. RCTs that included patients suffer
ing from strong sensations of spinning vertigo or 
whose dizziness could be explained by another dis
order, were excluded. RCTs which discussed only 
preliminary findings were excluded as well.

All collected articles and predefined study selec
tion criteria were imported into an excel template 
(available from: http://processbook.kce.fgov.be) by 
first author C.D.V. and provided to all reviewers (J. 
L. and W.D.H.). After each reviewer screened all 
articles separately, the findings were compared to 
form a consensus. The reference lists were 
checked manually for additional relevant RCTs of 
all RCTs included through consensus.

Data collection process

The following data were extracted from the 
included RCTs: (1) study characteristics (authors, 
year of publication, and sample size); (2) patient 
characteristics (age, gender, and criteria for CGD); 
(3) therapeutic characteristics (type, intensity, and 
duration); and (4) therapeutic effect on CGD and, if 
mentioned, on the cervical spine and balance symp
toms. In case of unclear or missing data, the corre
sponding authors were contacted.

Data extraction was performed independently 
using a pre-formatted excel spreadsheet by C.D.V. 
and J.L. Results were compared afterward, and any 
discrepancies were discussed to reach a final con
sensus. If needed, a third reviewer (W.D.H.) provided 
additional feedback.

To facilitate insight into the study results, the 
collected data were discussed separately depending 
on the cause of CGD mentioned (traumatic versus 
non-traumatic) and the type of therapy investigated 
(e.g. physiotherapeutic techniques, medication).

Risk of bias assessment

For the risk of bias (RoB) assessment, the RoB 2.0 
tool was used [33,34]. Each RCT was screened for 
bias in five domains: the randomization procedure, 
the intervention, handling missing outcome data, 
the measurement of the outcome, and the 
reported results. The RoB assessment was per
formed individually by the reviewers (C.D.V. and 
J.L.) in the manner described in the RoB 2.0 guide
lines. The individual assessments of C.D.V. and J.L. 
were compared, and where they disagreed, a third 
reviewer (W.D.H.) made the final decision.
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Statistical analysis

For each of the included RCTs, the within-group differ
ences (i.e. the differences between baseline and post- 
therapy results) were first calculated for both the inter
vention and control groups separately. Then, these 
within-group differences in the outcome parameter 
were compared between intervention and control 
groups to measure the magnitude of the therapeutic 
effects. Means and standard deviations were extracted 
from the RCTs. Non-reported standard deviations were 
calculated based on the reported confidence intervals 
(CI), standard errors, or p-values. Other calculations per
formed were merging of data results of similar experi
mental interventions within the same RCT, merging of 
data results related to the same plane of movement (e. 
g. rotation left and right), and conversion of outcome 
results into the units of the most commonly used instru
ment if needed [35]. Along with the difference in means 
(MD), the equivalent 95% CI was also computed.

A meta-analysis, using the random-effects method 
[36], was performed provided that a minimum of three 
RCTs had comparable patient and therapeutic charac
teristics. Heterogeneity among these RCTs was 
measured with the Cochran Q test. Significant hetero
geneity was present if Chi2 < 0.10. The Higgins I2 test 
expressed the amount of heterogeneity. The I2 ranges 
between 0 and 100%, whereby a higher value means 
more heterogeneity across studies [37]. Results were 
graphically displayed through forest plots.

Significance was set at a p-value of less than 0.05. 
Statistical analyses were performed using the software 
package Review Manager 5.3 [31].

Minimal clinically important difference

Information on the minimal clinically important differ
ence (MCID) is available in the literature for the 
Dizziness Handicap Inventory questionnaire (DHI 0–100 

points = 18 points) [38], neck pain visual analogue scale 
(VAS 0–100 mm = varied between 4.6 to 21.4 mm) [39], 
and cervical range of motion (CROM flexion-exten
sion = 4–6°; CROM rotation = 5–10°) [40].

GRADE assessment

The Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) approach was 
used to rate the quality of the retrieved evidence. The 

following five domains were assessed: within-study risk 
of bias, inconsistency, indirectness, imprecision, and 
publication bias [41]. Information on the interpretation 
of the quality of evidence score is provided in Table 1. 
The GRADE was performed by C.D.V. and J.L. sepa
rately. Their findings were compared. In case of dis
agreements, a third reviewer (W.D.H.) made the final 
decision.

Results

The search yielded 2658 articles. Manual search 
resulted in one additional article [42]. Of those, 
thirty-six articles were screened on full text resulting 
in 13 RCTs representing 11 unique studies (n = 898), 
meeting all eligibility criteria [42–54]. Flowchart of 
study selection and characteristics of excluded arti
cles are available in Figure 1 and APPENDIX B, 
respectively.

Characteristics of the included RCTs

Characteristics of the included RCTs are presented in 
APPENDIX B.

The main criteria for a CGD diagnosis were non- 
rotatory dizziness and neck pain [45–54]. Only three 
RCTs (n = 169) specified the cause of CGD, all of which 
were of traumatic origin (i.e. whiplash-associated dis
order) [42–44].

Twelve of the 13 RCTs discussed physiotherapeutic 
techniques [42–53]. Six RCTs focused on manual ther
apy and investigated traction-manipulations [46] and 
sustained natural apophyseal glides (SNAGs) of the 
upper cervical segments in the dizziness provoking 
movement directions [48,50], or a combination of 
SNAGs and mobilizations [51–53]. Three RCTs that 
did specify the cause of CGD, focused on exercise 
therapy and investigated vestibular rehabilitation 
[42,43] and cervical spine exercises (including motor 
relearning, stabilization, and endurance training) with 
or without behavioral approach [44]. In three RCTs, 
exercise therapy was combined with dry needling 
(trapezius and sternocleidomastoid muscles) [45], or 
manual therapy. The manual therapy consisted of 
DennerollTM cervical spine traction [49], or soft tissue 
and passive mobilization techniques [47]. The exer
cise therapy included cervical spine stretching, 
strengthening and stabilization exercises, relaxation 

Table 1. Interpretation of the quality of evidence (the GRADE method) a, b.

Quality Explanation

High There is high confidence that the true effect lies close to that of the estimate of the effect.
Moderate There is moderate confidence in the effect estimate. The true effect is likely to be close to the estimate of the effect but there is a possibility 

that is it substantially different.
Low There is limited confidence in the effect estimate. The true effect may be substantially different from the estimate of the effect.
Very low There is little confidence in the effect estimate. The true effect is likely to be substantially different from the estimate of the effect.

aAbbreviations: GRADE = Grading of Recommendations, Assessment, Development and Evaluations 
bGuyatt, G.H., et al., GRADE: an emerging consensus on rating quality of evidence and strength of recommendations. British Medical Journal, 2008. 336 

(7650): p. 924–6.
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techniques, and trunk stabilization exercises. One RCT 
discussed an alternative therapy, Shi-style cervical 
spine mobilizations [54].

Control interventions were usually sham or no therapy 
[42,43,46–48,50–53]. Yet, the control intervention was 
physiotherapeutic techniques in three RCTs (i.e. general 
physical activity [44], cervical spine exercises [45] or a 
multimodal cervical program [49]), or traditional massage 
in one RCT [54].

Dizziness outcome measures were intensity, fre
quency, and impact on quality of life. Cervical spine 
outcome measures were reported in ten RCTs 
[42,44,46–53] and included cervical spine pain, 
mobility, repositioning accuracy, trigger points, 
sagittal alignment, and impact on quality of life. 
Static and dynamic balance outcome measures 
were reported in nine RCTs [42,44–48,50,52,53].

Follow-up periods ranged from 48 hours to 1 year. 
In addition, six RCTs, which did not specify the cause of 
CGD and discussed manual therapy, provided data for 
meta-analyses [46,48,50–53].

Risk of bias of the individual RCTs

Risk of bias was high or unclear for the randomiza
tion procedure (5 RCTs) [42,45,47,50,51], the inter
vention (7 RCTs) [42–45,47,49,54], handling missing 
outcome data (4 RCTs) [43,46,48,54], the measure
ment of the outcome (3 RCTs) [44,45,47], and the 
reported results (8 RCTs) [42,43,45,47,50–52,54]. The 
overall RoB was low in 2 RCTs [49,53], moderate in 5 
RCTs [46,48,50–52] and high in 6 RCTs [42–45,47,54] 
(Table 2 and Table 3).
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Full-text articles 
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(n = 23) 
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• Outcome 4 
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qualitative synthesis 
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quantitative synthesis 

(meta-analysis) 
(n = 6)

Figure 1. PRISMA flow diagram.
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Table 2. Risk of bias summary: review authors’ judgments about each risk of bias item for each included RCT a.

aInterpretation: = Low risk of bias; = Moderate risk of bias; = High risk of bias

Table 3. Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages 
across all included RCTs a.

aInterpretation: = Low risk of bias; = Moderate risk of bias; = High risk of bias
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Results of the individual RCTs and syntheses

The results are available in APPENDIX C. The GRADE 
assessment is provided in APPENDIX D (Table D1-3).

RCTs specifying the cause of CGD (traumatic origin 
in all cases)
Dizziness. There is only a very low quality of evidence 
(GRADE) for the effectiveness of exercise therapy in 
reducing CGD. In comparison with controls, cervical 
spine exercises with or without behavioral therapy 
may reduce dizziness intensity (10 cm visual analogue 
scale (VAS); at rest: MD −6.46 [−10.93; −1.99] 95% CI, p 
< 0.005; during activity: MD −6.93 [−12.79; −1.07] 95% 
CI, p = 0.02) and impact on quality of life (University of 
California Los Angeles dizziness questionnaire; MD 
−2.65 [−4.82; −0.48] 95% CI, p = 0.02) up to 1-year 
follow-up [44]. Vestibular rehabilitation may not affect 
CGD [42,43].

Cervical spine. There is only very low quality of evi
dence (GRADE) for the effectiveness of exercise ther
apy in reducing cervical spine symptoms. In 
comparison with controls, cervical spine exercises 
with or without behavioral therapy may improve 
head repositioning accuracy toward rotation (MD 
−1.53 [−2.71; −0.35] 95% CI, p = 0.01) and reduce 
Neck Disability Index score (MD −2.26 [−4.04; −0.48] 
95% CI, p = 0.01) up to 1-year follow-up. However, 
cervical spine exercises with or without behavioral 
therapy may have no effect on neck pain (10 cm VAS; 
MD at 1-year follow-up: −4.73 [−10.77; 1.31] 95% CI, p 

= 0.13) although the MD exceeds the MCID [44]. 
Vestibular rehabilitation may not affect cervical spine 
symptoms [42,43].

Balance. Based on a very low level of evidence 
(GRADE), exercise therapy may have no effect on static 
or dynamic balance compared with the control inter
vention [42–44].

RCTs not specifying the cause of CGD
Dizziness. Based on moderate level of evidence 
(GRADE) and in comparison with controls, manual 
therapy likely reduces CGD (i.e. intensity [46,50,51,53], 
frequency [51,53], and impact on quality of life 
[46,48,50,51,53]) up to 1-year follow-up. Meta-analyses 
confirm the overall beneficial effect of manual therapy 
in reducing dizziness intensity (10 cm VAS, MD at 4– 
6 weeks follow-up: −22.56 [−28.11; −17.01] 95% CI; p 
< 0.001; I2 = 0%; Figure 2) [46,50,51,53], and the impact 
of dizziness on quality of life (Dizziness Handicap 
Inventory scale (DHI), MD at 4–6 weeks follow-up: 
−10.04 [−16.36; −3.73] 95% CI; p = 0.002; I2 = 79%; 
Figure 3) even though the MD does not exceed the 
MCID in this case [46,50,51,53,55]. Furthermore, based 
on very low level of evidence (GRADE) and in compar
ison with controls, combined exercise therapy and 
manual therapy may reduce CGD (i.e. intensity 
[47,49], frequency [49], and impact on quality of life 
[49]), and combined exercise and dry needling therapy 
may reduce the impact of CGD on quality of life [45] up 
to 1-year follow-up. Shi-style cervical mobilizations 

Figure 2. Forest plot demonstrating the effectiveness of manual therapy on Dizziness intensity at 4–6 weeks post-therapy a, b. (1) 
Carrasco-Uribarren (2021) = traction-manipulation(2) Reid (2008) = sustained natural apophyseal glides(3) Reid (2014 April 
+2015) = sustained natural apophyseal glides and cervical mobilizationsa Dizziness intensity: 0–100 mm VAS; the higher the 
VAS, the higher the dizziness intensityb Abbreviations: CI = confidence interval; df = degrees of freedom; IV = inverse variance; 
MT = manual therapy; SD = standard deviation

Figure 3. Forest plot demonstrating the effectiveness of manual therapy on Dizziness Handicap Inventory (DHI) at 4–6 weeks post- 
therapy a, b. (1) Carrasco-Uribarren (2021) = traction-manipulation(2) Micarelli (2021) = sustained natural apophyseal glides(3) Reid 
(2008) = sustained natural apophyseal glides(4) Reid (2014 April+2015) = sustained natural apophyseal glides and cervical 
mobilizationsa DHI: 0–100 points; the higher the DHI score, the higher the impact of dizziness on quality of lifeb Abbreviations: 
CI = confidence interval; df = degrees of freedom; DHI = Dizziness Handicap Inventory; IV = inverse variance; MT = manual 
therapy; SD = standard deviation
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probably do not reduce CGD compared to the control 
intervention, which is based on a moderate level of 
evidence (GRADE) [54].

Cervical spine. Based on moderate level of evidence 
(GRADE) and in comparison with controls, manual 
therapy likely improves cervical spine symptoms (i.e. 
pain [46,48,50], mobility [46,48,50], and impact on 
quality of life [48]) up to 1-year follow-up. Meta-ana
lyses confirm the overall beneficial effect of manual 
therapy in improving mobility (MD at 4–6 weeks fol
low-up for CROM flexion-extension: 7.18 [3.65; 10.70] 
95% CI, p < 0.0001, I2 = 65%; MD for CROM rotation 
3.88 [0.18; 7.59] 95% CI, p = 0.04, I2 = 73%; Figure 4) 
[46,48,50,52,53] and pain intensity (10 cm VAS, MD at 
4–6 weeks follow-up: −14.01 [−22.77; −5.26] 95% CI, p 
= 0.002, I2 = 81%; Figure 5) [46,48,50,51,53]. Here, the 
MDs for CROM flexion-extension and cervical spine 

pain intensity exceed their respective MCIDs. 
Furthermore, based on very low level of evidence 
(GRADE) and in comparison with controls, combined 
exercise and manual therapy may improve cervical 
spine pain [47,49], head repositioning accuracy [49], 
and sagittal alignment [49], and combined exercise 
and dry needling therapy may improve cervical spine 
pain, pressure pain threshold and head repositioning 
accuracy [45] up to 1-year follow-up. No information is 
available on the effectiveness of Shi-style cervical 
mobilizations in improving neck symptoms [54].

Balance. Based on a moderate level of evidence 
(GRADE) and in comparison with controls, manual 
therapy likely improves balance (i.e. static 
[48,50,52,53] and dynamic balance [46,52,53]) up to 
1-year follow-up. Compared with controls, combined 
exercise and manual therapy may improve static 

Figure 4. Forest plot demonstrating the effectiveness of manual therapy on cervical range of motion (CROM) at 4–6 weeks post- 
therapy a, b. (1) Carrasco-Uribarren (2021) = traction-manipulation(2) Micarelli (2021) = sustained natural apophyseal glides(3) Reid 
(2008) = sustained natural apophyseal glides(4) Reid (2014 Sept+2015) = sustained natural apophyseal glides and cervical 
mobilizationsa CROM: degrees; the higher the CROM, the higher the cervical mobilityb Abbreviations: CI = confidence interval; 
CROM = cervical range of motion; df = degrees of freedom; IV = inverse variance; MT = manual therapy; SD = standard deviation

Figure 5. Forest plot demonstrating the effectiveness of manual therapy on neck pain intensity at 4–6 weeks post-therapy a, b. (1) 
Carrasco-Uribarren (2021) = traction-manipulation(2) Micarelli (2021) = sustained natural apophyseal glides(3) Reid (2008) = sus
tained natural apophyseal glides(4) Reid (2014 April+2015) = sustained natural apophyseal glides and cervical mobilizationsa Neck 
pain intensity: 0–100 mm VAS; the higher the VAS score, the higher the neck pain intensityb Abbreviations: CI = confidence 
interval; df = degrees of freedom; IV = inverse variance; MT = manual therapy; SD = standard deviation; VAS = visual analogue 
scale
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balance [47], and combined exercise and dry needling 
therapy may improve fall index [45]). However, the 
level of evidence for this finding is very low (GRADE). 
No information is available on the effectiveness of Shi- 
style cervical mobilizations on balance [54].

DISCUSSION

Thirteen RCTs with a total of 898 patients were 
included in this systematic review [42–54]. However, 
the cause of CGD was specified in only three RCTs, all 
of which investigated exercise therapy [42–44].

Summary of main results

The effectiveness of manual therapy (aimed at the 
upper cervical segments in the dizziness-provoking 
directions) was investigated in six RCTs [46,48,50– 
53]. We found a moderate quality of evidence sup
porting the use of upper cervical manual therapy in 
reducing CGD, which is consistent with the literature 
[23,24]. What has not been previously synthesized is 
that there is also moderate evidence for the effective
ness of upper cervical manual therapy in reducing 
cervical spine and balance symptoms in patients 
with CGD. Based on the MCIDs, this includes a clini
cally significant improvement of symptoms for cervi
cal spine pain and ROM from the patients’ 
perspective. The literature confirms cervical spine dys
function, such as reduced range of motion [56–58], 
and postural imbalance [59–61] in patients with CGD, 
especially those with a whiplash-associated disorder. 
Theoretical background to support the positive effect 
on cervical spine symptoms is that manual therapy 
induces a chain of neurophysiological effects (e.g. 
decreasing muscle spasm, reducing inflammatory 
mediators) in the cervical spine [62,63]. In addition, 
manual therapy also affects direct and indirect neural 
pathways between the cervical spine and the central 
nervous system (including the vestibular and visual 
systems), which may explain the positive effects of 
manual therapy on balance function [63].

Results of the only three RCTs investigating the 
effectiveness of exercise therapy in patients with whi
plash-related CGD were of very low quality of evi
dence and provided conflicting results [42–44]: 
cervical spine exercises, preferably with a behavioral 
approach, may be effective in reducing CGD and cer
vical spine symptoms, including a clinically relevant 
reduction of neck pain as reported by the patient 
based on its MCID. However, vestibular rehabilitation 
would have no positive effects at all in patients with 
whiplash-related CGD. In the literature, the evidence 
for the use of (cervical spine) exercises to improve 
cervical spine symptoms in chronic whiplash-asso
ciated disorder is modest [64,65], and study results 
on the added value of behavioral therapy are unclear 

[66,67]. A possible explanation for the uncertainty 
about the effectiveness of behavioral therapy may 
be that studies include both patients with and with
out central sensitization in their intervention group. It 
could be that patients with central sensitization ben
efit most from behavioral therapy [68]. Another pos
sible explanation may be that behavioral therapy 
should be given before exercise therapy [68]. 
Vestibular rehabilitation is an effective therapy for 
many vestibular disorders [69]. However, research on 
the effectiveness of vestibular rehabilitation in 
patients with neck pain or CGD is very limited. Only 
two RCTs could be included, of very low methodolo
gical quality [42,43]. Given that there is a rationale for 
the effectiveness of vestibular rehabilitation in CGD 
[22], further high-quality research is indicated.

Thus far, upper cervical manual therapy seems to be 
the most promising therapy in patients with CGD. 
However, this review identified that a combination of 
manual therapy and exercise therapy is more effective 
than manual therapy alone in reducing CGD and both 
cervical spine and balance symptoms. The effective
ness of combined manual and exercise therapy has 
only been summarized in the context of patients with 
neck pain without dizziness [70–72].

Not all objectives of this review could be addressed 
thoroughly. It is still not clear whether therapy should 
be different depending on the cause of CGD. This is 
because only three of the included RCTs specified the 
cause of CGD [42–44]. Further complicating this issue is 
the heterogeneity in the diagnostic criteria used 
for CGD.

Evidence quality of the review

Several factors reduced confidence in the review’s 
effect estimates because of limitations in the included 
RCTs, such as: (1) moderate to high RoB in most RCTs, 
(2) multicomponent interventions, which increase the 
indirectness of the evidence (i.e. it is not clear to what 
extent the individual therapeutic components contri
bute to the overall therapeutic effect), (3) wide con
fidence intervals in the RCTs with a small sample size or 
large variability in the standard deviation of measure
ments between individuals, and (4) heterogeneity of 
diagnostic criteria for CGD, outcome measures and 
control interventions.

Potential biases in the review process

Even though the methodological procedures 
(Cochrane) and reporting guidelines (PRISMA) were 
rigorously adhered to, bias cannot be excluded. First, 
bias may have been introduced by the predefined 
restrictions on study eligibility (i.e. language and 
study design). Additionally, although the methods for 
the meta-analysis were discussed with a statistics 
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expert from Antwerp University, a professional librar
ian with expertise in systematic review methodology 
was not involved.

Recommendations for future research

Further research into the optimal therapy methods in 
patients with CGD is needed. It is important that all 
studies use the same diagnostic criteria for CGD. In 
addition, a distinction should be made between 
patients with traumatic and non-traumatic origin for 
CGD. Furthermore, it is important that the studies cor
rectly follow the methodological study procedures to 
guarantee that the measured therapy effect is reliable.

Conclusions

Based on the moderate quality of evidence, manual ther
apy effectively reduces CGD, neck, and balance symp
toms. Combined manual and exercise therapy maybe 
even more effective in reducing CGD, cervical spine, 
and balance symptoms, but the quality of evidence for 
this is currently very low. Further research of high meth
odological quality is needed, including evaluating 
whether the cause for CGD should be considered.
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