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Abstract

Context: Osteopathic manipulative treatment (OMT) has
been utilized by osteopathic clinicians as primary or
adjunctive management for dizziness caused by neuro-
otologic disorders. To our knowledge, no current systematic
reviewsprovidepooledestimates that evaluate the impact of
OMT on dizziness.
Objectives: We aimed to systematically evaluate the effec-
tiveness and safety of OMT and analogous techniques in the
treatment of dizziness.

Methods: We performed a literature search in CINAHL,
Embase, MEDLINE, Allied and Complementary Medicine
Database (AMED), EMCare, Physiotherapy Evidence Data-
base (PEDro), PubMed, PsycINFO, Osteopathic Medicine
Digital Library (OSTMED.DR), and Cochrane Central Regis-
ter of Controlled Trials (CENTRAL) from inception to March
2021 for randomized controlled trials (RCTs) and prospective
or retrospective observational studies of adult patients
experiencing dizziness from neuro-otological disorders.
Eligible studies compared the effectiveness of OMT or OMT
analogous techniques with a comparator intervention, such
as a sham manipulation, a different manual technique,
standard of care, or a nonpharmacological intervention like
exercise or behavioral therapy. Assessed outcomes included
disability associated with dizziness, dizziness severity,
dizziness frequency, risk of fall, improvement in quality
of life (QOL), and return to work (RTW). Assessed harm
outcomes included all-cause dropout (ACD) rates, dropouts
due to inefficacy, and adverse events. The meta-analysis
was based on the similarities between the OMT or OMT
analogous technique and the comparator interventions. The
risk of bias (ROB) was assessed utilizing a modified version
of the Cochrane Risk of Bias Tool for RCTs and the Cochrane
Risk of Bias in Non-randomized Studies – of Interventions
(ROBINS-I) for observational studies. The quality of evi-
dence was determined utilizing the Grading of Recommen-
dations, Assessment, Development, and Evaluations
(GRADE) approach.
Results: There were 3,375 studies identified and screened,
and the full text of 47 of themwere reviewed. Among those,
12 (11 RCTs, 1 observational study, n=367 participants) met
the inclusion criteria for data extraction. Moderate-quality
evidence showed that articular OMT techniques were
associated with decreases (all p<0.01) in disability associ-
atedwith dizziness (n=141,mean difference [MD]=−11, 95%
confidence interval [CI]=−16.2 to −5.9), dizziness severity
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(n=158, MD=−1.6, 95% CI=−2.4 to −0.7), and dizziness
frequency (n=136, MD=−0.6, 95% CI=−1.1 to −0.2). Low-
quality evidence showed that articular OMT was not
associated with ACD rates (odds ratio [OR]=2.2, 95% CI=0.5
to 10.2, p=0.31). When data were pooled for any type of
OMT technique, findings were similar; however, disability
associated with dizziness and ACD rates had high hetero-
geneity (I2=59 and 46%). No studies met all of the criteria
for ROB.
Conclusions: The current review found moderate-quality
evidence that treatment with articular OMT techniques was
significantly associatedwith decreaseddisability associated
with dizziness, dizziness severity, and dizziness frequency.
However, our findings should be interpreted cautiously
because of the high ROB and small sample sizes in the
eligible studies.

Keywords: dizziness; effectiveness; meta-analysis; osteo-
pathic manipulative treatment; safety; systematic review;
vertigo.

Dizziness due to neuro-otological disorders is a common
medical problem with a lifetime prevalence of 30% [1]. It
also accounts for 2–5% of total primary care physician
visits [2, 3]. The prevalence of dizziness increases with age
[4], and approximately 1 in 3 older patients and 1 in 5
working-age adults experience vertigo [5, 6]. Older patients
experiencing dizziness also have a 31% higher risk of
nonosteoporotic fractures [6–12]. Additionally, people who
experience dizziness have a reduced rate of independence
because of difficulties performing daily activities, psycho-
logical and social impairments [13], and work absenteeism
leading to socioeconomic loss [14]. In the United States, the
direct and indirect healthcare costs from loss of produc-
tivity due to dizziness and associated complications are
estimated to be $23.3 billion annually [15, 16].

When utilized for the treatment of dizziness, the goal of
osteopathic manipulative treatment (OMT) is to normalize
impaired structure-function relationships or homeostatic
mechanisms contributing to the underlying condition [17,
18]. Utilized in various manual medicine disciplines, OMT
and analogous techniques have emerged as a potential
primary intervention or adjunctive treatment for dizziness.
However, studies investigating the effectiveness of these
techniques are sparse or have marked limitations, such as
lack of statistical power [19, 20] or optimal follow-up
duration [21]. Because meta-analyses and systematic
reviews can report pooled estimates of interventions
systematically and transparently, their use increases
power and provides more precise results [22]. For example,

a systematic review by Veloso et al. [23] investigated the
effect of OMT on postural balance; however, the methods
were not explicitly reported, and the quality of evidence
was not appraised. Therefore, the purpose of the current
review was to review the existing literature and to deter-
mine the quality of evidence from pooled estimates of the
effect of OMT and OMT analogous techniques on the pa-
tient important outcomes such as the severity of dizziness
symptoms, the frequency of dizziness symptoms, disability
due to dizziness, and harm outcomes. For the purposes of
this review, dizziness refers to a spinning sensation or
distorted sense of self-motion with normal head move-
ments that leads to postural instability and is caused by the
neuro-otological condition.

Methods

Search strategy and eligibility criteria

Detailed methods and statistical analyses for the current review were
published previously [24]. The study protocol was registered with the
International Prospective Register of Systematic Reviews (PROSPERO
Registration: CRD42020208302). We conducted the meta-analysis ac-
cording to PreferredReporting Items for Systematic Reviews andMeta-
Analyses (PRISMA) guidelines [25], PRISMA harm checklists [26, 27],
the Cochrane Handbook for Systematic Reviews of Interventions [28],
and modified Effective Practice and Organisation of Care (EPOC) tools
[29]. We performed a literature search in the following databases from
inception to February 2021: Cumulative Index to Nursing and Allied
Health Literature (CINAHL), Embase, MEDLINE, Allied and Comple-
mentaryMedicineDatabase (AMED), Emcare, Physiotherapy Evidence
Database (PEDro), PubMed, PsycINFO, Osteopathic Medicine Digital
Library (OSTMED.DR), and Cochrane Central Register of Controlled
Trials (CENTRAL) databases. The search strategyutilized in the current
review is reported in Supplementary Table S1.

The eligibility criteria for the current review included randomized
controlled trials (RCTs) and prospective or retrospective observational
studies of patients aged 18 years or older who were experiencing
dizziness due to neuro-otological disorders. Eligible studies had to
compare the effectiveness of OMT or OMT analogous techniques to a
comparator intervention. Comparator interventions could include
sham manipulation, which is a palpatory contact or protocol that is
not intended to produce a therapeutic response, a standard of care, or
a nonpharmacological intervention, such as exercise or behavioral
therapies. Studies were excluded if the etiology of the dizziness was
caused by: vascular, neoplastic, or malignant causes; seizures; pe-
ripheral neuropathies; or postural dysfunctions without a neuro-
otological component. Studies that focused on cardiovascular symp-
toms, dizziness from medication use, psychological causes, vascular
malformations, or metabolic causes were also excluded. In addition,
studies were excluded if the authors reported aggregated outcome
scores or if the study had no comparator arm. We also amended our
original PROSPEROprotocol to include trials that assigned less than 10
patients to each intervention arm.
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Screening and data synthesis

Article screening included a reviewof the title and abstract. For studies
meeting eligibility criteria, the full text was reviewed, and the data
were extracted by two independent reviewers. Any conflicts were
resolved with the consensus and the arbitration of the third reviewer
if needed. Data were extracted for demographic characteristics
(age, sex), intervention details, outcomes data, and the number of
events associated with all-cause dropout (ACD) rates. Patient out-
comes of interest were disability associated with dizziness as
measured by the Dizziness Handicap Inventory, dizziness severity,
dizziness frequency, risk of falls, quality of life (QOL), and return to
work (RTW). Harm outcomes included ACD rates, dropouts due to
inefficacy, and dropouts due to adverse events.

Data for specific OMT techniques utilized alone or as part of a
larger treatment protocol were extracted. For the current review, OMT
analogous techniques were defined as techniques that are equivalent
in procedure to published osteopathic techniques [30]. For example,
techniques classified as articular techniques are equivalent in pro-
cedure to low-velocity, moderate-amplitude articulatory OMT tech-
niques [30]. Analogous techniques are utilized in various manual
medicine disciplines, such as chiropractic, physical therapy, and
massage; however, the specific names of the analogous techniques
may differ based on the discipline [31, 32]. The inclusion of OMT
analogous techniques was determined by the two expert osteopathic
reviewers (KS and JK), and analogous techniques were categorized
into a specific OMT technique category for pooling. To address the
issue of high heterogeneity that was a major limitation in previous
systematic reviews [33–35], we pooled studies specific to OMT and
comparator types for each outcome. This approach has been previ-
ously validated [36, 37].

Data analysis

For the pooled meta-analysis, the effect estimate was calculated as a
weighted mean difference (MD) and 95% confidence interval (CI) for
continuous outcomes. Effect estimates of dizziness severity anddizziness
frequency were reported in the reviewed studies utilizing different out-
comes measurement scales. Therefore, we converted that data to the
same scale for analysis (0–10 points for dizziness severity outcomes, and
0–5 points for dizziness frequency outcomes), utilizing the formulas of
Luo et al. [38] and Shi et al. [39] One study [40] reported outcomes
estimateswithmedian and interquartile range, sowe converted that data
to mean and standard deviation utilizing the equations of Luo et al. [38]
and Shi et al. [39] As part of the sensitivity analyses, this study [40] was
also excluded from the pooled analysis to investigate the effect of the
imputation in sensitivity analysis for dizziness severity and dizziness
frequency. Binary outcomes (ACD) were reported utilizing an odds ratio
(OR) with an associated 95% CI. Sensitivity analysis was performed by
pooling different OMT types, as previously reported [33–35]. Because of
the limited number of studies, we also performed a subgroup analysis
investigating the lack of blinding of the data analyst for the dizziness
severity outcome. All statistical analyses were performed with the R
package meta [41] and reported utilizing a random effect model. p<0.05
was considered significant.

We assessed the quality of evidence in the pooled estimates
utilizing the Grading of Recommendations, Assessment, Develop-
ment, and Evaluations (GRADE) approach [42, 43]. The five categories
assessed with this approach are risk of bias (ROB), inconsistency,
indirectness, imprecision, and publication bias. The ROB for RCTswas
assessed utilizing a modified Cochrane ROB tool [44, 45]. Specifically,
this tool evaluated the following: allocation concealment; blinding of
participants, clinicians, data collectors, and outcomes assessors; and

Figure 1: PRISMA flow diagram for the
screening and eligible studies.
PRISMA, Preferred Reporting Items for
Systematic Reviews and Meta-Analyses.
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Table : Summary characteristics of reviewed studies.

Study Participantsa Type of study Diagnosis Concurrent medications/
treatments allowed

Duration of study Missingdata
accounted
for

Atay et al. [] n= Observational-
prospective

Vertigo Treatment group not permitted
other treatments during study.
Control group permitted med-
ical treatments

 No
. y
% female,
% male

Carrasco-Uri-
barren et al.
[]

n= Parallel-arm
RCT

Cervicogenic dizziness
(excluded isolated
vestibular causes)

Patients who received cervical
treatment within  mo
excluded

 Yes
 y
% female,
% male

Di Francisco-
Donoghue
et al. []

n= Crossover RCT PD with disequilibrium Anti-Parkinson medications
with  h washout before
outcome measures

 No
 y
.% female,
.% male

do Nascimento
Oliveira et al.
[]

n= Parallel-arm
RCT

Vertigo No Randomization
period differed per
arm

NR
. y
% female

Fraix et al. [] n= Parallel-arm
RCT

Vertigo (excluded
meniere disease)

VRT not permitted during
study; manual therapy not
permitted during or  mo
before study

 No
. y
.% female,
.% male

Heikkilä et al.
[]

n= Crossover RCT Cervicogenic dizziness
or vertigo + neck pain
(excluded isolated
vestibular causes)

NR Randomization
period differed per
arm

NR
 y
.% female,
.% male

Karlberg et al.
[]

n =  Crossover RCT Cervicogenic dizziness
or vertigo + neck pain
(excluded isolated
vestibular causes)

NSAIDs permitted;  h
washout period for
alcohol + sedatives before
outcome measures

 NR
. y
.% female,
.% male

Kendall et al.
[]

n= Crossover RCT Cervicogenic dizziness
or vertigo + neck pain
(excluded isolated
vestibular causes)

No  No
. y
.% female,
.% male

Papa et al. [] n= Parallel-arm
RCT

Vertigo NR  No
. y
.% female,
.% male

Reid et al. [] n= Parallel-arm
RCT

Cervicogenic dizziness
(excluded BPPV or
meniere disease)

No  Yes
. y
.% female,
.% male

Reid et al. [] n= Parallel-arm
RCT

Cervicogenic dizziness
(excluded BPPV or
meniere disease)

No  Yes
. y
% female,
% male

Sun et al. [] n= Parallel-arm
RCT

Meniere disease  d Washout period for any
treatment before study

Not clear No
. y
.% female,
.% male

aData are reported as number of enrolled participants, mean age of participants, and sex of participants; BPPV, benign paroxysmal positional
vertigo; NR, not reported; NSAID; nonsteroidal anti-inflammatory drug; PD, parkinson disease; RCT, randomized controlled trial; VRT, vestibular
rehabilitation therapy.

4 Rehman et al.: OMT impact on dizziness



incomplete outcomes data. The ROB for observational studies was
assessed utilizing the Cochrane Risk of Bias in Non-randomized
Studies – of Interventions (ROBINS-I) tool [46]. Heterogeneity of the
pooled studies was assessed with the forest plot and I2 statistics [47,
48]. The precision of the effects was measured with the 95% CI and
whether the CI included the line of no effect. None of the pooled
analyses included 10 or more studies, so we were unable to assess
publication bias.

Results

Review studies

Our literature search of the 10 databases found 3,375
studies investigating OMT and OMT analogous techniques
for the treatment of dizziness (Figure 1). Among those,
3,310 were excluded and 47 had the full text reviewed.
Among those 47 studies, 12 (n=367 participants) studies
met our inclusion criteria for data extraction.

A summary of the reviewed studies is presented in

Table 1. The median age of participants was 53 years

(range, 33–73.4 years); 60.5%were female, and 39.5%were

male. Among the 12 reviewed studies, only 1 study [49] was

an observational study (n=30); the other 11 studies were

RCTs [40, 50–59]. Six studies [52, 54–58] did not allow

concomitant medications or report the use of medicines to

manage dizziness. Only 3 studies [50, 57, 58] accounted for

missing participant data. No studies reported on the RTW

outcome.
Supplementary Table S2 summarizes the OMT and the

analogous interventions utilized in the reviewed studies, and
it categorizes the intervention into a specific OMT technique
category for meta-analysis. Four studies reported an OMT
protocol that utilized multiple OMT technique types
without focusing on a particular category of techniques
[49, 51, 53, 56]. Eight studies described OMT protocols that
focused on a specific technique category: 4 on articular

Table : Risk of bias analysis of the reviewed studies.

Randomized controlled trials

Study Random
sequence
generation

Allocation
concealment

Blinding of
participants

Blinding of
healthcare
provider

Blinding of
outcome
assessors

Dropout
>%

Selective
reporting

ITT/
LOCF

Carrasco-Uri-
barren et al. []

LR LR HR HR HR LR LR LR

DiFrancisco-
Donoghue et al.
[]

HR HR HR HR LR LR LR HR

do Nascimento
Oliveira et al. []

HR HR HR HR HR HR LR HR

Fraix et al. [] HR HR HR HR LR LR LR HR
Heikkilä et al. [] HR HR HR HR HR HR LR HR
Karlberg et al. [] HR HR HR HR LR HR LR HR
Kendall et al. [] LR LR LR HR LR LR LR HR
Papa et al. [] LR LR LR HR LR LR LR HR
Reid et al. [] LR LR LR HR LR LR LR LR
Reid et al. [] LR LR LR HR LR LR LR LR
Sun et al. [] HR HR HR HR HR HR LR HR

Observational study

Study Matching
of variables

Was selection of
exposed and nonex-
posed cohorts from
the same
population?

Can we be confi-
dent in the
assessment of
exposure?

Can we be confident
in the assessment of
presence or absence
of prognostic factors?

Were co-
interventions
similar between
groups?

Was follow-
up of cohorts
adequate?

Can we be confi-
dent in the
assessment of
outcome?

Atay
et al.
[]

HR LR LR HR HR LR LR

Amodified version of the Cochrane risk of bias tool was utilized for reviewed randomized controlled trails and the Cochrane Risk of Bias in Non-
randomizedStudies– of Interventions (ROBINS-I) was utilized for the observational study; HR, high risk of bias; ITT, intention-to-treat; LOCF, last
observation carried forward; LR, low risk of bias.
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OMT [40, 55, 57, 58]; 2 on high-velocity, low-amplitude
techniques [50, 54]; 1 on osteopathic cranial manipulative
medicine [52]; and 1 on progressive inhibition of neuro-
muscular structures [50]. Six studies utilized OMT anal-
ogous techniques [40, 50, 55, 57–59]. For comparator
interventions, 5 studies utilized sham treatment [52, 55–58],
3 utilized control [40, 53, 54], 2 utilized pharmacological
agents [49, 54], and 1 utilized counseling [51]. Fraix et al. [53]
was a four-arm RCT that compared OMT with vestibular
rehabilitation therapy, OMT combined with vestibular
rehabilitation therapy, and no intervention.

Table 2 summarizes the ROB for the reviewed
studies. None of the studies met all of the criteria for
ROB, and 2 studies [54, 59] had high ROB for all assessed
categories.

Pooled meta-analysis

Among the 12 reviewed studies, pooled analyses could only
be performed for the outcomes of disability associatedwith
dizziness, dizziness severity, dizziness frequency, and ACD
rates. The GRADE evidence for pooled studies is presented
in Table 3.

For disability associated with dizziness, 3 studies [55,
57, 58] (n=141) were pooled, and outcomes were compared
for articular OMT techniques between the outcome and
control comparator. High-quality evidence showed a
reduction in the Dizziness Handicap Inventory score (score
ranges from 0–100; high score indicates more severe
disability) with articular OMT techniques (MD=−11.1, 95%
CI=−16.2 to −5.9, p<0.01) (Supplementary Figure S1A). For
the sensitivity analysis, 7 studies [50, 53, 55–59] (n=260)
were pooled, and outcomes were compared for any type of
OMT between the outcome and control. Any OMT type

was associated with a decrease in disability associated
with dizziness (MD=−16.6, 95% CI=−24.6 to −8.5, p<0.01)
(Supplementary Figure S1B). However, heterogeneity
among studies was high (I2=59%).

For dizziness severity, 4 studies [40, 55, 57, 58] (n=158)
were pooled, and the outcomes compared for articular OMT
techniques between the outcome and control comparator.
Moderate-quality evidence showed a reduction in dizziness
severity with articular OMT techniques (MD=−1.6, 95%
CI=−2.4 to −0.7, p<0.01) (Supplementary Figure S2A). For
the sensitivity analysis, 5 studies [40, 50, 55, 57, 58] (n=198)
were pooled, and the outcomes compared for any OMT
technique type between the outcome and control. AnyOMT
type was also associated with improved outcomes
(MD=−1.7, 95% CI=−2.3 to −1.0, p<0.01) (Supplementary
Figure S2B). Heterogeneity among studies was 13%.
Subgroup analysis for this outcome to evaluate blinding of
the data analyst found no subgroup effect (Supplementary
Figure S3).

For dizziness frequency, 3 studies [40, 57, 58] (n=136)
were pooled, and the outcomes compared for articular
OMT techniques between the outcome and control
comparator. Moderate-quality evidence showed a
reduction in dizziness frequency with articular OMT
techniques (MD=−0.6, 95% CI=−1.1 to −0.2, p<0.01)
(Supplementary Figure S4). There were no additional
studies for this outcome, so the sensitivity analysis was
not performed.

To evaluate the conversion of Karlberg et al. [40] data,
analyses for articular OMT techniques between the
outcome and the control were repeated for dizziness
severity and dizziness frequency, excluding that study
[40]. The association of articular OMT with the dizziness
severity (MD=−1.2, 95% CI=−2.0 to −0.4, p<0.01) (Supple-
mentary Figure S5) and dizziness frequency (MD=−0.6,

Table : GRADE quality of evidence for the pooled analyses.

Outcome No. of studies
(participants)

Risk of
bias

Inconsistency Imprecision Indirectness Publication
bias

Pooled effect
estimatea

Quality of
evidence

Disability associ-
ated with dizzinessb

 () – + + + Not detected −. (−.
to −.)

Moderate

Dizziness severity  () – + + + Not detected −. (−.
to −.)

Moderate

Dizziness frequency  () – + + + Not detected −. (−.
to −.)

Moderate

All-cause dropout
rates

 () – + – + Not detected .
(.–.)

Low

GRADE, grading of recommendations assessment development, and evaluations. The quality of evidence in the pooled estimates was assessed
utilizing the GRADE approach. aPooled effect estimates are reported as mean difference and associated % confidence interval (CI) for
disability associated with dizziness, dizziness severity, and dizziness frequency, and as an odds ratio and associated % CI for all-cause
dropout rates. bDisability associated with dizziness was assessed with the Dizziness Handicap Inventory.
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95% CI=−1.1 to −0.2, p<0.01) (Supplementary Figure S6)
remained similar.

For ACD rates, 3 studies [55, 57, 58] (n=142)were pooled,
and the outcomes compared for articular OMT techniques
between the outcome and control comparator. Low-quality
evidence showed a nonsignificant association of ACD
dropout rates with articular OMT techniques (OR=2.2, 95%
CI=0.5 to 10.2, p=0.31) (Supplementary Figure S7A). For the
sensitivity analysis, 6 studies [53, 55–59] (n=217) were
pooled, and the outcomes compared for any OMT technique
type between the outcome and control. Any OMT type was
not associated with ACD rates (OR=0.4, 95% CI=0.1–1.7,
p=0.22); however, heterogeneitywashighamong thepooled
studies (I2=46%) (Supplementary Figure S7B). A second
sensitivity analysis pooled 2 studies [51, 53] (n=28) and
compared outcomes for any OMT type between the outcome
and a nonpharmacological comparator. Any OMT type was
not associated with ACD rates (OR=1.4, 95% CI=0.2–14.1,
p=0.75) (Supplementary Figure S7C).

Nonpooled outcomes of reviewed studies

Supplementary Table S3 summarizes the outcomes vari-
ables of the reviewed studies that could not be included in
the pooled analyses. One study (n=20) investigated the
effect of cranial OMT on dizziness symptoms [52]. All
patients in the OMT group had improved symptoms, and 2
patients in the control group did. The risk of falls was
investigated in 1 observational study [48] (n=30) and in 2
RCTs [51, 55] (n=40). Although outcomes for OMT and the
control comparators in all 3 studies were different, only
the cranial plus OMT [49] intervention was associated with
a decreased risk of falls risk when compared with control
(diphenhydramine). Kendall et al. [55] (n=22) investigated
the impact of articular OMT on QOL utilizing the physical
component summary (PCS) and mental component
summary (MCS) scores of the 36-Item Short Form Health
Survey. Although articular OMT was not associated with
improvements in the PCS score, it was associated with
improvements in the MCS score. Six studies [50, 51, 53, 55,
56, 59] explicitly provided a statement about adverse events,
out of which adverse events occurred in the patients of three
studies [51, 53, 55]. Kendall et al. [55] reported the following
mild adverse events in both study groups: increased neck
pain (OMT=2, control=1), headaches (OMT=1, control=1),
and midback pain (OMT=1, control=0). DiFrancisco-
Donoghue et al. [51] reported that 1 participant did not feel
well after OMT, and Fraix et al. [53] reported a fall that was
not associated with OMT. DiFrancisco-Donoghue et al. [51]
also reported 1 dropout in the OMT group due to an adverse

event, and Papa et al. [56] reported that 7 participants from
the control group dropped out due to inefficacy.

Discussion

The current review evaluated the existing literature to
determine the quality of evidence from pooled estimates of
the effect of OMT and OMT analogous techniques on the
treatment of dizziness caused by neuro-otologic disorders.
Overall, our results indicated that OMT and analogous
techniques can be utilized as a practical treatment approach
to manage dizziness caused by neuro-otological disorders.
Moderate-quality evidence showed that articular OMT
techniques effectively reduced disability associated with
dizziness, dizziness severity, and dizziness frequency. The
studies that could not be pooled utilized a variety of OMT
technique types or a control comparator to investigate the
impact of OMT techniques on these three outcomes. The
pooled analysis for ACD rates showed a nonsignificant
association with OMT techniques. Unfortunately, we were
unable to find enough studies to pool data for other
outcomes, such as the risk of falls and QOL. None of the
included studies reported the effect of OMT on the RTW
outcome. However, data for unpooled outcomes showed
improvements in theMCS score, but not the PCS score,when
assessing QOL, and 1 of the 3 studies assessing the risk of
falls showed a significant reduction in that outcome with
OMT. Similarly, pooling was not possible for the harm
outcomes of dropout rates due to inefficacy and adverse
events.

To our knowledge, the current review is the first
systematic review and meta-analysis that reports pooled
estimates of the impact of OMT and analogous techniques
on outcomes for the treatment of dizziness caused by
neuro-otologic disorders. Previously, a systematic review
by Veloso et al. [23] investigated the effect of OMT on
postural balance. Veloso et al. [23] included studies that
enrolled healthy patients and patients with musculoskel-
etal conditions. However, Veloso et al. [23] did not perform
a quality assessment, such as ROB. A systematic review by
Tramontano et al. [60] included five RCTs and observa-
tional studies with restricted comparators, such as no
treatment, placebo/sham, standard/routine care, or wait-
list control, to evaluate the impact of OMT techniques on
vertigo and balance disorders. Further, they assessed ROB
with the Newcastle-Ottawa Scale, which is suitable for
observational studies but should not be utilized for RCTs
[60]. One of the limitations of that review [60] was het-
erogeneity in the outcomes data and measurement scales.
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Because of these limitations in existing reviews, there was

a need for a high-quality systematic review with pooled

estimates that evaluated the effectiveness of OMT for

treating dizziness caused by neuro-otologic disorders. As

such, our reviewutilized rigorousmethods and transparent

data reporting, which allows for a more precise interpre-

tation of results. In addition, we did not restrict eligibility

criteria to any specific OMT technique or comparator. We

also adjudicated the assessed OMT and analogous tech-

niques according to similarities between OMT technique

types. As a result of adjudication and data pooling based
on similarities between technique types, heterogeneity in
ourmeta-analyses was low.When necessary, we converted
outcomes data from reviewed studies to the most
frequently utilized scale, which provided better interpret-
ability. We also determined the quality of the evidence in
the pooled analyses utilizing the GRADE approach.

Our meta-analysis showed moderate-quality evidence
that OMT and analogous techniques effectively reduced
disability associatedwith dizziness, dizziness severity, and
dizziness frequency. These improved outcomes will likely
also do the following: improve QOL [61]; decrease psy-
chological stress, medication use, and mobility restriction;
and reduce perceptions of dizziness and disability. In one
of the reviewed studies, data for the unpooled QOL
outcome showed that articular OMT improved the MCS
score but not the PCS score on the 36-Item Short-Form
Health Survey. A possible explanation for this finding may
be that dizziness, as a symptom, has more impact on
physical function. Therefore, improvement in the PCS was
not significant when compared with the MCS. Similar
findings related to improvements in MCS but not in PCS
were reported in orthopedic patients [62, 63]. From an
osteopathic perspective, these findings may relate to the
mind, body, spirit connection as well as the biomechanical
interconnectedness of the whole body. Manual treatments
may improve well-being by improving symptoms. Howev-
er, to improve physical scores, dysfunctions outside of the
head and neck, that may be affecting balance, may require
treatment to improve physical scores. Future studies
assessing the impact of whole-body treatments on QOL are
needed to better understand these findings.

In addition to effectiveness outcomes, the current
review also assessed harm outcomes, such as ACD rates
and dropouts due to inefficacy and adverse events. While
a few minor adverse events, such as neck pain and
headache, were reported in participants that received
OMT, only one participant dropped out due to an adverse
event. No significant associations were seen between the

use of OMT and ACD. Most systematic reviews and meta-
analyses focus on the beneficial results of an intervention,
with little to no emphasis on tolerability outcomes [27, 64,
65]. For any intervention, especially those utilized in
osteopathic clinical practice, the treatment philosophy is
based on safety, equitability, effectiveness, and patient

centeredness [66–68]. Because OMT is increasingly uti-

lized as a safe and effective treatment method, it is

imperative to understand its benefits and potential

harmful effects. Therefore, understanding the risks of

treatment through reported ACD rates and dropouts due

to adverse events will allow clinicians to create a safe

practice environment in which patients can establish

realistic expectations, give adequate consent, and make

an informed choice about available interventions.
Although none of the reviewed studies investigated

the impact of OMT on RTW, our results suggest indirect
information about RTW. In an observational study by Hou
et al. [69], patients with mental stress and poor QOL had a
low probability of RTW. Based on our finding that sug-
gested an improvement in QOL as measured by the MCS,
we can speculate that OMTmay increase the probability of
RTW [69–71].

The current review had several limitations. None of the
reviewed studies met all ROB criteria. Most had high ROB
and were downrated for bias components, such as random
sequence generation and lack of blinding. However, this
limitationwas expected because it is difficult in procedure-
based RCTs to blind patients and practitioners. Another
limitation was that the reviewed studies lacked power, and
only three accounted for missing data [50, 57, 58]. Small
sample sizes and high dropout rates increased the risk of
error in our results from overestimating or underestimating
the effect [72, 73]. Another limitation was that the specific
neuro-otologic etiology of dizziness varied in the reviewed
studies: some studies excluded etiologies that others
included. For example, the term “cervicogenic dizziness”
has multiple definitions in the literature. Some studies [40,
50, 54, 55, 57, 58] utilized the term to describe a
proprioceptive-vestibular mismatch associated with neck
pain. Many of the OMT protocols involved various types of
techniques, so we were unable to pool data by a specific
technique. However, articulator OMT techniques were
utilized as the primary approach in some studies, which
allowed for pooled analyses. Because studies assessed the
impact of manual techniques on symptoms rather than on
a comprehensive treatment approach, we were able to
include OMT analogous techniques in our meta-analysis.
However, different manual medicine disciplines may apply
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similar techniques differently, which may affect the gener-
alizability of our findings. A final limitation is related to the
nature of the current evidence: specifically, we were unable
to compare the effectiveness of OMT and OMT analogous
techniques with other common interventions utilized to
manage dizziness, such as medical interventions or vestib-
ular rehabilitation, in a pooled analysis.

Conclusions

To our knowledge, the current systematic review andmeta-
analysis is the most methodologically rigorous review
performed to date that investigates the effectiveness of
OMT and OMT analogous techniques for the treatment of
dizziness caused by neuro-otologic disorders. Our findings
suggested that OMT effectively reduced disability associ-
ated with dizziness, dizziness severity, and dizziness fre-
quency. Our review also suggested that OMT was well
tolerated by patients; however, data related to dropout
rates due to inefficacy and adverse events were rarely re-
ported. In the future, high-quality RCTs with larger sample
sizes should be conducted to better delineate the effec-
tiveness of OMT and analogous techniques for the treat-
ment of dizziness.
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