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Abstract

Context: Osteopathic manipulative treatment (OMT) can be
utilized as a primary or adjunctive treatment for headaches
associated with musculoskeletal disorders. Although previ-
ous systematic reviews investigated the effectiveness of
manual therapies for treating headaches, they did not focus
specifically on OMT or perform a pooled meta-analysis to
evaluate the effectiveness of outcomes.
Objectives: The aim of this study is to systematically eval-
uate the effectiveness of OMT for managing headaches
associated with musculoskeletal dysfunction and to assess
the associated harm outcomes.
Methods: In September 2023, the following databases were
searched for randomized controlled trials (RCTs) of adult
patients with headaches associated with musculoskeletal
dysfunction who were treated with OMT: Allied and

Complementary Medicine Database, ClinicalTrials.gov,
Cochrane Central Register of Controlled Trials (CENTRAL),
Cumulative Index of Nursing and Allied Health Literature
(CINAHL), Excerpta Medica (EMBASE), Osteopathic Medicine
Digital Library (OSTMED), Ovid Emcare, Ovid MEDLINE,
Physiotherapy Evidence Database (PEDro), PsycINFO, and
PubMed. The search terms included osteopathicmanipulative
medicine, manual therapy, osteopath, headache, concussion,
and head injury. The studies had to compare OMT techniques
(e.g., articulatory [ART]; high-velocity, low-amplitude [HVLA];
soft tissues [ST]) to another form of treatment or a different
type of OMT technique. Our primary outcomes included
headache severity, headache frequency, disability associated
with headaches, quality of life, and return to work (RTW);
harm outcomes included all-cause dropout (ACD) rates,
dropouts due to inefficacy, and adverse effects. The Cochrane
Risk of Bias (ROB) tool was utilized to assess the ROB in the
reviewed studies, and the quality of evidence was assessed
utilizing the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) system. Outcomes
data were pooled for analysis and reported as standardized
mean difference (SMD) and 95% confidence interval (CI).
Results: Our search identified 11,657 RCTs. After removing
duplicates and screening titles and abstracts, 167 underwent
full-text review, and 18 were included in our review. None of
the reviewed RCTs met all of the Cochrane ROB criteria.
Moderate-quality evidence indicated that combined
ART-HVLA (SMD=−0.61, 95 % CI=−1.0 to −0.23) and ST
HVLA-ART (SMD=−0.48, 95 % CI=−0.83 to −0.13) effectively
reduced the severity of headache. Moderate-quality
evidence also indicated that the combined techniques of
ART-HVLA (SMD=−0.43, 95 % CI=−0.74 to −0.13) and ST-
ART-HVLA (SMD=−0.62, 95 % CI=−0.89 to −0.35) effectively
reduced the frequency of headaches. Moderate-quality evi-
dence indicated that quality of life was improved with
combined ART-HVLA (SMD=0.57, 95 % CI=0.14 to 0.99).
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Low-quality evidence indicated no significant associations of
OMT with disability or harm outcomes (all p>0.26).
Conclusions: Results of our systematic review and meta-
analysis suggested that a combination of multiple types of
OMT techniques effectively reduced the frequency and
severity of headaches and improved quality of life. However,
high-quality RCTs with large sample sizes utilizing a variety
of technique modalities and combinations of technique
modalities are necessary to better evaluate the effectiveness
of OMT for managing headaches.

Keywords: disability, dropout rates; headaches; headache
frequency; headache severity; osteopathic manipulative
treatment (OMT); quality of life (QOL)

Headaches are among the most common complaints when
seeking medical care, and 52 % of the global population
experiences an active headache every year [1]. On any
given day, 15.8 % of people have a headache [1]. Headaches
associated with musculoskeletal dysfunction, such as
tension and migraine headaches, can significantly impact
activities of daily living (ADLs), work-related activities,
and quality of life (QOL) [2]. In 2019, missed workdays from
migraines in the United States cost $19.3 billion [3]. In 2014,
the annual combined direct and indirect costs for a single
migraine patient were estimated at over $8,000 [4, 5]. People
with migraines are approximately half as effective at work
and miss an average of 2 h of work per day and 3 days of
work every 3 months [6, 7]. Although over half of the adult
population will complain about headaches during their
lifetime, most do not receive optimal treatment [8]. Given
these substantial impacts associated with headache disor-
ders, the World Health Organization started a global
campaign in 2003 to increase awareness and reduce the
burden of treatment costs and loss of productivity [9, 10].

The inclusion of osteopathic manipulative treatment
(OMT) in the management of headaches was assessed in
previous systematic reviews [11–14], but these reviews did
not focus on osteopathic manipulation or perform a meta-
analysis because of high heterogeneity in the reviewed
studies. The results of earlier reviews were also limited by
their search criteria for eligible studies, such as the inclusion
of quasi-randomized trials [11, 13], focused on a specific
manipulative technique [13], or a literature search restricted
to a few databases and to a 12-year range [12]. Therefore, the
purpose of the current study was to systematically evaluate
the effectiveness of OMT for treating headaches associated
with musculoskeletal dysfunction and to assess the associ-
ated harm outcomes, including all-cause dropout (ACD)
rates, dropout rates associated with adverse events, and
dropout rates due to inefficacy.

Methods

The current systematic review and meta-analysis was con-
ducted according to the Cochrane Handbook for Systematic
Reviews of Interventions [15, 16] and the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [17]. The study protocol CRD42023449356 was
registered with the International Prospective Register of
Systematic Reviews (PROSPERO).

Search strategy

A detailed systematic search strategy was developed for the
current review, and the following databases were searched
from their inception to September 2023: Allied and Com-
plementary Medicine Database, ClinicalTrials.gov, Cochrane
Central Register of Controlled Trials (CENTRAL), Cumulative
Index to Nursing and Allied Health Literature (CINAHL),
Excerpta Medica (EMBASE), Osteopathic Medicine Digital
Library (OSTMED), Ovid Emcare, Ovid MEDLINE, Physio-
therapy Evidence Database (PEDro), PsycINFO, and PubMed.
The search terms included osteopathic manipulative medi-
cine, manual therapy, osteopath, headache, concussion, and
head injury. The search strategy is reported in Supplemen-
tary Material Appendix 1.

Eligibility criteria

To be included in our review, eligible studies had to be ran-
domized controlled trials (RCTs) of adult patients (≥18 years of
age) with headaches associated with musculoskeletal
dysfunction treated with OMT. Studies had to be published in
English and compare OMT with placebo, treatment as usual,
waitlist, a non-OMT intervention (e.g., medications), or
another OMT technique type or protocol, but not the same as
the experimental intervention. The following categories of
studies and published articles were excluded: observational,
quasi-randomized trials, qualitative studies, systematic re-
views or narrative reviews, conference abstracts, animal
studies, commentaries, and letters to the editor.

For the current systematic review, the types of head-
aches included were migraines and tension-type headaches
cervicogenic headaches, headaches associated with tempo-
romandibular joint disorder, concussion, traumatic brain
injury, or whiplash-associated disorders; and headaches
related to fibromyalgia [18]. Studies were excluded when the
headaches were associated with hypoxia, infection, an
elevation or depression in intracranial pressure, traumatic
brain injury secondary to surgery or stroke, inflammation of
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the intracranialmembranes, organic disorders of the central
nervous system structures, headaches associated with
medication use or withdrawal, or systemic dysfunctions.

Eligible OMT interventions included anyOMT technique
or modality described in the Glossary of Osteopathic Ter-
minology [19] from the American Association of Colleges of
Osteopathic Medicine (AACOM). Further, an osteopathically
trained provider had to perform OMT interventions, which
was confirmed by review of the author’s information or
article text. The OMT interventions could be administered
utilizing individual techniques or several techniques within
a single modality. They could also be combined as part of a
multimodality protocol, in which specific techniques were
utilized in a predefined sequence of techniques. Finally, in-
terventions could be based on a per-clinician protocol, in
whichmultiple techniquemodalitieswere utilized as needed
based on the physical examination. The OMT could be pro-
vided independently or with the standard of care [19]. In-
dividual techniques utilized in the OMT interventions were
divided into different OMT categories based on the modal-
ities. For example, the articulatory (ART) technique category
includes low-velocity, moderate-amplitude, and springing
techniques [19]. Three authors (KS, JK, DS) who were expe-
rienced osteopathic educators determined the OMT cate-
gories through a blinded review process. To address the
issue of high heterogeneity, which was a significant limita-
tion in previous systematic reviews [20–22], the studies
investigating the same OMT technique categories and
comparator types were pooled for each outcome. We
included this approach in our review because it has been
previously validated for this kind of data [23–25].

For comparator interventions, the comparator treat-
ment could include sham manipulation, waitlist or no
treatment, treatment as usual, a different type of OMT
technique or protocol that was not the same as the experi-
mental intervention, or any standard of care intervention,
such as exercise therapy or medication.

Study outcomes

The primary outcomes for the current systematic review and
meta-analysis were headache severity and frequency. Data
for these outcomes were measured with a validated
measuring scale, such as a numerical rating scale (NRS), and/
or with a headache frequency diary. Additionally, the out-
comes included were disability associated with headaches,
such as those measured with the Migraine Disability
Assessment (MIDAS), QOL, such as those measured with the
Headache Impact Test (HIT-6), and return to work (RTW).
Harm outcomes included ACDs, dropouts due to inefficacy,

and dropouts due to adverse effects. The Cochrane Risk of
Bias (ROB) toolwas utilized to assess the ROB in the reviewed
studies, and quality of evidence was assessed utilizing the
Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) system.

Screening and data extraction

Our search strategy identified 11,657 RCTs (Figure 1), of
which 18 were included in our review. Title and abstract
screening, full-text screening, and data extraction, including
ROB, were performed independently in duplicates. Any
conflicts were resolved through consensus and, if necessary,
arbitration by the third reviewer (YR). To ensure reliability
of the full-text review, screening followed the guidelines
proposed by Landis and Koch [26] for assessing agreement
between reviewers. The following data were extracted from
the included studies: demographic information of partici-
pants, intervention details, follow-up duration, and out-
comes data.We also extracted data about the OMT technique
categories utilized in the OMT protocols or included as part
of a more extensive treatment protocol.

Data analysis

Data were summarized for demographic information,
intervention details, follow-up duration, and outcomes
data utilizing frequency and percentage for count data and
mean and standard deviation (SD) for continuous data.
Pooled analyses were performed for the outcomes of
headache severity, headache frequency, disability associ-
ated with headache, QOL, ACD rates, and dropout rates due
to inefficacy. There was not enough data in the reviewed
studies for pooled analyses for the outcomes of RTW and
dropouts due to adverse effects. Outcomes were reported
descriptively for these data that could not be pooled or for
which the heterogeneity was high. When the OMT in-
terventions and comparators in the reviewed studies were
homogenous, data were pooled according to the OMT
category and comparator type (e.g., sham manipulation,
exercise therapy, or medication) utilizing the random ef-
fects model with standardized mean difference (SMD) and
95 % confidence interval (CI) for continuous outcomes and
odds ratio (OR) and 95 % CI for binary outcomes. If an effect
estimate was reported in the reviewed study as other than
mean (SD), such as a 95 % CI, median, or interquartile range
(IQR), the data were converted to mean (SD) utilizing the
formula suggested by the Cochrane Handbook for System-
atic Reviews of Interventions [15, 16]. For each summary
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effect, heterogeneity was assessed through a forest plot
and I2 statistic [27, 28], and the precision of the effects was
measured with the 95 % CI and whether the CI included the
line of no effect. The ROB for the reviewed studies was
assessed utilizing the modified Cochrane ROB instrument
[29, 30] for the following domains: random sequence gen-
eration; allocation concealment; blinding of patients, phy-
sicians, data collectors, outcome assessors, and data
analysts; and loss to follow-up (incomplete outcome data).
The GRADE approach was utilized to rate the quality of
evidence for each outcome as high, moderate, low, or very
low [31–33]. The five central domains of GRADE are ROB,
heterogeneity, imprecision, indirectness, and publication
bias. None of the pooled analyses included 10 or more
studies, so we could not assess publication bias. Our review
did not include enough studies to perform a subgroup
analysis, but a sensitivity analysis was performed for each
outcome by pooling different OMT interventions [20–22].
All analyses were performed with the R package meta [34],
and p<0.05 was considered statistically significant.

Results

Eighteen RCT studies [35–52] involving 1,009 participants
were included in the current review. The mean age of the
participants was 39.7 years (range=18–71 years), and 80 %

were female (Table 1). The median follow-up duration was
74 days (range=19–180 days). All reviewed studies reported a
comparator intervention or standard of care, except for four
studies [38, 39, 42, 45]. None of the reviewed studiesmet all of
the criteria for ROB (Table 2). All studies were at high risk for
blinding of physicians. The GRADE evidence for pooled
studies is presented in Table 3.

Supplementary Table 1 summarizes the OMT in-
terventions utilized in the reviewed studies and their cate-
gorization into specific OMT technique modalities for the
meta-analysis. Two studies [42, 50] compared the effective-
ness of the OMT protocol with other OMT protocols, and two
studies [35, 36] compared the effectiveness of OMT with
medications.

Headache severity

When compared with the control, moderate-quality evi-
dence indicated that the combined articulatory and high-
velocity, low-amplitude (ART-HVLA) [37, 38, 40, 49] tech-
nique (n=168, SMD [95 % CI]=−0.61 [−1.00 to −0.23], I2=32 %,
p<0.01) and combined soft tissue, articulatory, and high-
velocity, low-amplitude (ST-ART-HVLA) [37, 38, 40, 43]
technique (n=220, SMD [95 % CI]=−0.48 [−0.83 to −0.13],
I2=38 %, p<0.01) were associated with decreased headache
severity (Supplementary Figures 1A and 1B). When

Figure 1: A preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram for the identification of eligible randomized
controlled trials (RCTs) for inclusion in the current systematic review.
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compared with medications, moderate-quality evidence
indicated that per-clinician myofascial release (MFR),
HVLA, visceral, and osteopathic cranial manipulative
medicine (MFR, balanced ligamentous tension [BLT],
balanced membranous tension [BMT], and osteopathic
cranial manipulative medicine [OCMM]) [35, 36] (n=125)
was associated with decreased headache severity (SMD
[95 % CI]=−1.15 [−1.66 to −0.65], I2=22 %, p<0.01) (Supple-
mentary Figure 1C). Low-quality evidence indicated that
the soft tissue (ST) technique alone [37, 38, 40] (n=128) was
not associated with decreased headache severity (Sup-
plementary Figure 1D).

For the sensitivity analysis, nine studies [37, 38, 40, 43,
47–49, 52] (n=536) were pooled to compare any type of OMT
technique intervention to the control. Any type of OMT was
associated with decreased headache severity (SMD [95 % CI]
=−0.58 [−0.84 to −0.32], p<0.01) (Supplementary Figure 1E).

However, the heterogeneity among studies was high
(I2=50 %).

Headache frequency

When compared with the control, moderate-quality evi-
dence indicated the combined ART-HVLA [37, 38, 40, 49]
(n=168; SMD [95 % CI]=−0.43 [−0.74 to −0.13], I2=0 %,
p<0.01) and ST-ART-HVLA [37, 38, 40, 43] (n=220, SMD [95 %
CI]=−0.62 [−0.89 to −0.35], I2=0 %, p<0.01) techniques were
associated with decreased headache frequency (Supple-
mentary Figures 2A and 2B). The ST [37, 38, 40] (n=128) and
the per-clinician MFR, BLT, BMT, and OCMM [35, 36]
(n=125) were not associated with reduced headache fre-
quency when compared with either the control or medi-
cations ((Supplementary Figures 2C and 2D).

Table : Summary characteristics of randomized controlled trial studies included in the current systematic review (n=).

Study Total
no. of

patients

Mean
age

(range)

% female
patients

Headache
type

Other
medications
or therapy
allowed

Days of
follow-up
duration

Loss of
follow-up
accounted
for

Adverse
effects
accounted
for

Adverse
effects
in
patients

Cerritelli et al. []  . . Migraine Yes  Yes Yes No
Deodato et al. []   . TTH Yes  Yes Yes No
Espí-López and Gómez-Conesa []  .

(–)
. TTH Yes  No Yes Yes

Espí-López et al. []  .
(–)

. TTH NR  No Yes Yes

Espí-López et al. []  .
(–)

. TTH Yes  Yes Yes No

Espí-López et al. []  .
(–)

. TTH Yes  Yes Yes No

Espí-López et al. []  .
(–)

. TTH Yes  No Yes No

Espí-López et al. []  .
(–)

. Migraine NR  Yes Yes No

Espi-Lopez et al. []   . TTH No  Yes Yes No
Esterov et al. []  .

(–)
. MTBI Yes Unclear No Yes No

Fernández-de-las-Peñas et al. []  .
(–)

. Whiplash NR  Unclear Yes No

Gandolfi et al. []  .
(–)

. Migraine Yes  Yes Yes No

Hoyt et al. []  NR NR NR Yes Unclear Unclear No NA
Muñoz-Gómez et al. []  .

(–)
. Migraine Yes  Yes Yes No

Muñoz-Gómez et al. []  . . Migraine Yes  Yes Yes Yes
Muñoz-Gómez et al. []  . . Migraine Yes  Yes Yes No
Rolle et al. []  . . TTH Yes  No Yes No
Voigt et al. []  .

(–)
 Migraine Yes  Yes No NA

MTBI, mild traumatic brain injury; NA, not applicable; NR, not reported; TTH, tension-type headache.
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Table : Risk of bias for the randomized controlled trial studies included in the current systematic review (n=).

Study Random
sequence
generation

Allocation
concealment

Patient
blinding

Physician
blinding

Data
collector
blinding

Outcome
assessor
blinding

Data
analyst
blinding

Loss of
follow-up

Cerritelli et al. [] LR LR LR HR HR LR LR LR
Deodato et al. [] LR LR HR HR HR HR HR LR
Espí-López and
Gómez-Conesa []

LR LR LR HR LR HR HR LR

Espí-López et al. [] LR LR HR HR HR HR HR LR
Espí-López et al. [] LR HR HR HR HR HR HR LR
Espí-López et al. [] LR LR HR HR HR HR LR LR
Espí-López et al. [] LR LR LR HR LR HR HR LR
Espí-López et al. [] LR LR LR HR LR HR LR LR
Espi-Lopez et al. [] LR LR HR HR LR LR LR LR
Esterov et al. [] HR HR HR HR HR HR HR HR
Fernández-de-las-Peñas et al. [] LR HR HR HR HR HR HR LR
Gandolfi et al. [] LR LR HR HR LR LR LR LR
Hoyt et al. [] LR LR HR HR LR LR LR LR
Muñoz-Gómez et al. [] LR LR LR HR LR HR LR LR
Muñoz-Gómez et al. [] LR LR LR HR LR LR LR LR
Muñoz-Gómez et al. [] LR LR LR HR LR LR LR LR
Rolle et al. [] LR LR LR HR LR HR HR LR
Voigt et al. [] HR HR HR HR HR HR HR HR

HR, high risk of bias; LR, low risk of bias.

Table : Grading of Recommendations Assessment, Development, and Evaluation (GRADE) quality of evidence for pooled analyses of the current
systematic review.

Intervention (no. of
participants)

Effect estimatesa Risk of
bias

Heterogeneity Imprecision Indirectness Publication
bias

Quality of
evidence

Headache severity
Soft tissue () −. (−. to .) − + − + + Low
ART-HVLA () −. (−. to −.) − + + + + Moderate
ST-ART-HVLA () −. (−. to −.) − + + + + Moderate
OMT vs. medications () −. (−. to −.) − + + + + Moderate

Headache frequency
Soft tissue () −. (−. to .) − + − + + Low
ART-HVLA () −. (−. to −.) − + + + + Moderate
ST-ART-HVLA () −. (−. to −.) − + + + + Moderate
OMT vs. medications () −. (−. to .) − + − + + Low

Disability associated with headaches
Soft tissue () . (−. to .) − + − + + Low
ART-HVLA () −. (−. to .) − + − + + Low
ST-ART-HVLA () −. (−. to .) − + − + + Low
Quality of life
ART-HVLA () . (.–.) − + + + + Moderate

All-cause dropouts
ST-ART-HVLA () . (.–.) − + − + + Low
Per clinicianb () . (.–.) − + − + + Low

Dropouts due to inefficacy
ST-ART-HVLA () . (.–.) − + − + + Low

aEffect estimates are reported as standardized mean difference and % confidence interval (CI) for headache severity, headache frequency, disability
associatedwith headaches, and quality of life. Effect estimates are reported as odds ratio and %CI for all-cause dropouts and dropouts due to inefficacy.
bPer-clinician techniques were performed at the treating clinician’s discretion and were based on physical findings. The protocol could include a variety of
direct and indirect types of osteopathic manipulative medicine techniques such as MFR, BLT, BMT, and OCMM. ART, articulatory technique (includes
springing and low-velocity, moderate-amplitude techniques); BLT, balanced ligamentous tension; BMT, balanced membranous tension (type of OCMM
technique); HVLA, high-velocity, low-amplitude (includes all thrust techniques); MFR,myofascial release; OCMM, osteopathic cranial manipulativemedicine
(includes a wide variety of direct and indirect techniques); OMT, osteopathic manipulative treatment; ST, soft tissue (includes massage and inhibition).
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For the sensitivity analysis, 7 studies [37, 38, 40, 43, 46, 49,
52] (n=448) were pooled to compare any OMT intervention
with the control. Any OMT intervention was associated with
improved outcomes (SMD [95 % CI]=−0.42 [−0.62 to −0.22],
I2=0 %, p<0.01) (Supplementary Figure 2E).

Disability associated with headache

When compared with the control, low-quality evidence
indicated that ST [38, 40] (n=78, SMD [95 % CI]=−0.1 [−0.55 to
0.34], I2=0 %, p=0.65) and combined ART-HVLA [38, 40, 49]
(n=128, SMD [95 % CI]=−0.28 [−0.77 to 0.20], I2=47 %, p=0.26)
and ST-ART-HVLA [38, 40] (n=78, SMD [95 %CI]=−0.1 [−0.55 to
0.34], I2=0 %, p=0.65) were not associated with an improve-
ment in disability associated with headache (Supplementary
Figures 3A–3C). For the sensitivity analysis, six studies
[38–40, 46, 49, 52] (n=304) were pooled to compare any OMT
intervention with the control. No improvement was found
(p=0.38), and heterogeneity among the studies was low
(I2=6 %) (Supplementary Figure 3D).

Quality of life

Moderate-quality evidence indicated that combined
ART-HVLA [41, 49] (n=88) was associated with improvement
in QOL (SMD [95 % CI]=0.57 [0.14 to 0.99], I2=0 %, p<0.01)]
(Supplementary Figure 4).

All-cause dropout (ACD) rates

Low-quality evidence indicated that the combined ST-
ART-HVLA [37, 38] (n=147, OR [95% CI]=0.78 [0.08 to 7.17],
I2=24%, p=0.83) and the per-clinician MFR, BLT, BMT, and
OCMM [51, 52] (n=86, OR [95% CI]=0.41 [0.05 to 3.69], I2=35%,
p=0.43) were not associated with ACD rates (Supplementary
Figures 5A and 5B). For the sensitivity analysis, five studies [37,
38, 44, 51, 52] (n=301)werepooled, andnoassociationwas found
between any OMT intervention and ACD rates (OR [95% CI]
=0.68 [0.26 to 1.80], I2=0%, p=0.44) (Supplementary Figure 5C).

Dropout rates due to inefficacy

Low-quality evidence indicated that the combined ST-
ART-HVLA [37, 38] (n=147) technique was not associated
with dropout rates due to inefficacy (OR [95 % CI]=0.33
[0.03 to 3.31], I2=0 %, p=0.35) (Supplementary Figure 6A).
For the sensitivity analysis, two studies [37, 43] (n=189)

were pooled, and no association was found between any
OMT intervention dropouts due to inefficacy (OR [95 % CI]
=0.19 [0.02 to 1.18], I2=0 %, p=0.66) (Supplementary
Figure 6B).

Adverse effects

All but two studies [47, 52] accounted for adverse effects.
Among the studies that accounted for adverse effects, three
studies [37, 38, 48] reported adverse effects. The reported
adverse effects were mild posttreatment cervical pain (n=2)
[37, 38] and dizziness (n=5) [48]. Therefore, the total inci-
dence of adverse effects across reporting studies was 7 in 923
participants (0.75 %).

Unpooled outcomes of reviewed studies

Supplementary Table 2 summarizes outcomes data from the
reviewed studies that could not be included in the pooled
analyses. Only one study [52] (n=70) reported the effect of
OMT on RTW; no association was found between OMT and
days of disablement.

Discussion

The current review systematically evaluated the existing
literature to determine the effectiveness of OMT for treating
headaches associated with musculoskeletal dysfunction and
assessed the associated harm outcomes. The results indi-
cated that a combined OMT protocol, such as ART-HVLA or
ST-ART-HVLA, can be utilized to effectively treat headaches
associated with musculoskeletal disorders, especially when
comparedwith an individual OMT technique, such as ST. The
primary outcomes of headache severity and frequency were
significantly reduced with the ART-HVLA and ST-ART-HVLA
techniques. Similarly, the combined ART-HVLA technique
was associated with improved QOL. When compared with
medications, combined OMT protocols, such as per-clinician
MFR, BLT, BMT, and OCMM, were significantly associated
with reduced headache severity but not with headache fre-
quency. Additionally, there was low-quality evidence that
OMT was not significantly associated with disability and
harmful outcomes, such as ACD and dropouts due to ineffi-
cacy. Study outcomes of RTW and dropouts due to adverse
effects could not be pooled due to insufficient study
numbers.

Unlike previous reviews [11–14], the current study was
designed to improve the overall rigor of the research area
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that investigated osteopathic manual therapies for head-
aches. For example, the results of previous reviews were
limited by an inability to perform pooled meta-analyses
because of the heterogeneity in the eligible studies [11–14].
Those study designs also lacked a systematic and detailed
literature search [12], or the search strategy involved limited
databases [14], including quasi-randomized trials [11, 13] and
case series or observational studies [12]. Previous reviews
also excluded trials that compared different types of OMT or
combined OMT [11], or their inclusion criteria were limited
to specific OMT techniques [13]. Other limitations of previous
reviews included the exclusion of patients with psychologi-
cal or psychiatric conditions [11] or specific headache types,
such as migraine headaches or cluster headaches [14].
Finally, many reviews lacked patient-important outcomes,
such as RTW, disability, andQOL [11, 13, 14]. These limitations
limited the overall generalizability and clinical implications
of those reviews [11–14] of headaches associated with
musculoskeletal dysfunction treated with OMT.

To our knowledge, the current review is the first sys-
tematic review andmeta-analysis to report pooled estimates
of OMT’s impact in treating headaches associated with
musculoskeletal disorders. We assessed the reported OMT
techniques according to similarities between the types of
OMT techniques and comparator interventions. As a result
of this assessment and pooling of data based on similarities
between technique types, heterogeneity in themeta-analysis
was low. Additionally, the quality of evidence in the pooled
analyses was determined utilizing the GRADE approach. The
current review also evaluated the effectiveness of OMT
techniques when treating headaches for outcomes that are
important to patients, including headache severity, head-
ache frequency, disability associated with headaches, QOL,
and RTW. Similarly, we evaluated harm outcomes, including
ACD rates and dropouts due to inefficacy or adverse effects,
for a more patient-centred assessment of the use of OMT for
treating headaches associated with musculoskeletal
dysfunction. Most systematic reviews and meta-analyses
focus on an intervention’s beneficial results, with little
emphasis on the tolerability of the outcomes [53–55].
Further, less than 10 % of systematic reviews and meta-
analyses evaluate harmful outcomes, such as ACD or drop-
outs from adverse effects and ineffectiveness [53–55]. This
essential data are often missing from these studies because
of inconsistent reporting of harm outcomes and a lack of
standardized reporting methods [55]. A possible explanation
for this omission is that including harmful outcomes leads to
fewer eligible studies for review [56].

The treatment philosophy of any intervention, espe-
cially those utilized in osteopathic clinical practice, is
based on safety, equitability, effectiveness, and patient-

centeredness [57, 58]. Clinical guidelines recommend
medications for the treatment of headaches of musculo-
skeletal origin [59–61], and different medications can be
utilized to stop an acute headache, prevent recurrences,
and reduce pain. Nonsteroidal anti-inflammatory drugs
(NSAIDs) are the most commonly utilized medications to
treat headache pain, but they are associated with adverse
effects such as cardiovascular and gastrointestinal com-
plications [59–61]. Therefore, guidelines also support non-
pharmacological measures as part of headache treatment
[61]. OMT is considered safe, with the adverse effects being
relatively infrequent and minor [62, 63]. Degenhardt et al.
[63] found that ART, HVLA, and ST, which were found in the
current meta-analysis to be most effective against head-
aches, were reported as being less likely to produce adverse
effects.

The current systematic review had several limitations.
Like other systematic reviews, the results of the current
review were affected by the inherent limitations of the
reviewed RCTs. For example, none of the eligible trials
met all of the ROB criteria. Most of the reviewed studies had
high ROB and were downgraded for bias, such as lack of
blinding. However, this limitation was expected because it is
difficult in procedure-based RCTs to blind patients and
practitioners completely. Another limitation of our review
was that the reviewed studies lacked power, and seven
studies [37, 38, 43–45, 47, 51] did not account formissing data.
Further, small sample sizes can increase the risk of error by
overestimating or underestimating the effect [64, 65].
Another limitation of our meta-analysis was the relatively
small number of studies that specifically assessed osteo-
pathic manipulation within the broader category of manual
interventions. Among these, only two studies [44, 47] were
performed by osteopathic physicians. Therefore, the
reviewed studies focused more on the impact of OMT tech-
niques rather than the holistic approach of osteopathic
medicine. Additionally, 10 [37–43, 48–50] of the 18 reviewed
studies were published by a single investigative team, which
introduced a potential source of bias not accounted for by
the GRADE criteria.We did not have enough studies to assess
the effect of the OMT on RTW. Only one study [52] included in
our review evaluated the effect of OMTonRTWand reported
no associationwith days of disablement. As a study outcome,
RTW is complex because it depends on many other factors,
such as the complexity of the person’s work, psychological
well-being, and positive attitude toward RTW [66, 67]. Evi-
dence in pain research has shown that reduced pain severity
and improved QOL are significant predictors of RTW [68].
Based on the results of the current review, future trials
should consider assessing the effect of OMT on RTW,
particularly in relation to headache severity and frequency.
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Conclusions

The current systematic review and meta-analysis found
moderate-quality evidence that utilizing a combination of
OMT technique modalities was most effective for reducing
the severity and frequency of headaches and for improving
QOL. The current review also found no associations with
ACD rates and dropouts due to inefficacy, which suggests
that patients tolerated OMT well. Although our pooled meta-
analyses showed a clear benefit of utilizing OMT for the
treatment of headaches, our results also highlighted a need
for more high-quality RCTs with larger sample sizes and a
lower ROB to better define the effectiveness of OMT for
treating headaches associated with musculoskeletal
dysfunction.
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