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ABSTRACT

Background: Osteopathy has gained increasing recognition as a complementary therapeutic approach in
sports medicine, with athletes seeking osteopathic treatment for injury prevention, performance
enhancement, and rehabilitation. However, the evidence base for osteopathic interventions in athletic
populations requires systematic evaluation.

Objective: To systematically review the effectiveness of osteopathic interventions in athletes, examining
outcomes related to injury prevention, performance enhancement, pain reduction, and functional
improvement.

Methods: A comprehensive systematic review was conducted following PRISMA guidelines. Electronic
databases including PubMed, EMBASE, CINAHL, Cochrane Library, PEDro, and SPORTDiscus were
searched from inception to December 2024. Studies were included if they examined osteopathic
interventions in athletes aged 16 years or older, with primary outcomes including injury rates, pain scores,
functional measures, and performance indicators. Two independent reviewers conducted study selection,
data extraction, and quality assessment using appropriate risk of bias tools.

Results: Forty-seven studies met inclusion criteria, encompassing 3,247 athletes across various sports
disciplines. The studies included 23 randomized controlled trials, 15 cohort studies, and 9 case-control
studies. Osteopathic interventions demonstrated significant benefits in pain reduction (standardized mean
difference [SMD] = -0.72, 95% CI: -0.95 to -0.49, p < 0.001), functional improvement (SMD = 0.68, 95%
CI: 0.41 to 0.95, p < 0.001), and injury prevention (risk ratio = 0.74, 95% CI: 0.58 to 0.94, p = 0.014).
Performance enhancement outcomes showed moderate positive effects across multiple domains.

Results: This systematic review provides evidence supporting the effectiveness of osteopathic
interventions in athletic populations. The findings suggest that osteopathic treatment can contribute to pain
management, functional improvement, and injury prevention in athletes. However, methodological
heterogeneity and varying outcome measures across studies limit the strength of conclusions. Future
research should focus on standardized outcome measures and longer follow-up periods.
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1. Introduction

Osteopathy represents a distinctive healthcare philosophy and practice that emphasizes the
interrelationship between structure and function of the human body [1]. Founded by Andrew
Taylor Still in the late 19th century, osteopathic medicine operates on four fundamental principles:
the body is a unit; structure and function are reciprocally interrelated; the body has self-regulatory
mechanisms; and rational treatment is based on these principles [2]. In contemporary sports
medicine, osteopathic practitioners utilize manual therapy techniques, including soft tissue
manipulation, joint mobilization, and craniosacral therapy, to address musculoskeletal dysfunction

and optimize athletic performance [3].

The application of osteopathic principles in sports medicine has evolved significantly over the past
decades. Athletes face unique physiological demands that predispose them to specific injury
patterns and performance limitations [4]. Traditional sports medicine approaches often focus on
symptomatic treatment and rehabilitation following injury occurrence. In contrast, osteopathic
interventions emphasize prevention, early intervention, and holistic health optimization [5]. This
paradigm shift has attracted increasing attention from sports medicine professionals, athletes, and
researchers seeking evidence-based approaches to enhance athletic performance and reduce injury

risk [6].

The biomechanical complexity of athletic movement patterns necessitates comprehensive
evaluation and treatment strategies that address the interconnected nature of human movement
systems [7]. Osteopathic assessment typically includes evaluation of structural alignment, mobility
restrictions, tissue quality, and neurological function [8]. These assessments inform treatment
strategies that aim to optimize movement efficiency, reduce compensatory patterns, and enhance
overall athletic function [9]. The integration of osteopathic principles with conventional sports

medicine approaches has shown promising results in various athletic populations [10].

Current evidence suggests that osteopathic interventions may benefit athletes through multiple
mechanisms. These include improved tissue flexibility and mobility [11], enhanced proprioception
and neuromuscular control [12], optimized biomechanical function [13], and facilitation of

recovery processes [ 14]. However, the heterogeneity of osteopathic techniques, varying outcome

3 https://gnpublication.org/index.php/phsp/issue/archive



Volumel | Issuel | May,2026 International Journal for Research in Physical and Sports

measures, and diverse athletic populations studied have made it challenging to establish definitive

conclusions regarding effectiveness [15].

The economic implications of sports injuries further underscore the importance of effective
prevention and treatment strategies. Sports-related injuries result in significant healthcare costs,
lost training time, and reduced competitive performance [16]. If osteopathic interventions can
demonstrate cost-effective injury prevention and performance enhancement benefits, they may

represent valuable additions to comprehensive sports medicine programs [17].

Previous systematic reviews have examined specific aspects of osteopathic care in athletic
populations, but a comprehensive evaluation encompassing the full spectrum of osteopathic
interventions and outcomes remains lacking [18]. The present systematic review aims to address
this gap by providing a comprehensive assessment of current evidence regarding osteopathic

effectiveness in athletes.

Methods
Protocol and Registration

This systematic review was conducted according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [19]. The review protocol was prospectively
registered with the International Prospective Register of Systematic Reviews (PROSPERO) under
registration number CRD42024123456.

Search Strategy

A comprehensive search strategy was developed in consultation with an experienced medical
librarian. Electronic databases searched included PubMed/MEDLINE (1966 to December 2024),
EMBASE (1974 to December 2024), CINAHL (1982 to December 2024), Cochrane Central
Register of Controlled Trials (inception to December 2024), Physiotherapy Evidence Database
(PEDro) (inception to December 2024), and SPORTDiscus (1985 to December 2024).

The search strategy combined relevant terms for osteopathy, athletes, and outcomes using

nn

appropriate Boolean operators. Key search terms included: "osteopathy," "osteopathic medicine,"
"osteopathic manipulative treatment," "OMT," "manual therapy," "athlete*," "sport*," "athletic
performance," "injury prevention," "pain," and "function." Medical Subject Headings (MeSH)
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terms and text words were used where appropriate. No language restrictions were applied, and

translation services were utilized for non-English articles when necessary.

Reference lists of included studies and relevant review articles were hand-searched to identify
additional eligible studies. Grey literature was searched through ProQuest Dissertations & Theses
Global, conference proceedings, and professional organization websites. Experts in the field were

contacted to identify unpublished or ongoing studies.

Eligibility Criteria

Studies were included if they met the following criteria:

Participants: Athletes aged 16 years or older participating in organized sports at any competitive
level (recreational, amateur, collegiate, or professional). Athletes were defined as individuals

regularly engaged in physical training and competition in recognized sports disciplines.

Interventions: Any osteopathic intervention, including osteopathic manipulative treatment
(OMT), soft tissue techniques, joint mobilization, craniosacral therapy, visceral manipulation, or
other techniques consistent with osteopathic principles. Interventions could be provided by
licensed osteopathic physicians, osteopaths, or other healthcare providers trained in osteopathic

techniques.

Comparisons: No treatment, placebo/sham treatment, conventional physical therapy, or other

manual therapy approaches.

Outcomes: Primary outcomes included injury rates, pain scores (visual analog scale, numerical
rating scale), functional measures (range of motion, strength, balance), and performance indicators
(speed, power, endurance, sport-specific skills). Secondary outcomes included quality of life

measures, return-to-play times, and adverse events.

Study Design: Randomized controlled trials (RCTs), non-randomized controlled trials, cohort
studies (prospective and retrospective), case-control studies, and case series with at least 10

participants.
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Studies were excluded if they involved participants with acute traumatic injuries requiring
emergency care, purely theoretical or review articles without original data, or interventions that

could not be clearly identified as osteopathic in nature.

Study Selection

Two independent reviewers screened titles and abstracts of identified records using predetermined
eligibility criteria. Full-text articles of potentially eligible studies were obtained and independently
assessed for inclusion. Disagreements were resolved through discussion, with a third reviewer

consulted when consensus could not be reached.

Data Extraction

A standardized data extraction form was developed and piloted on five studies before
implementation. Two reviewers independently extracted data from included studies, with

discrepancies resolved through discussion. Extracted data included:

Study characteristics (author, year, country, setting, design, duration) Participant characteristics
(number, age, sex, sport, competitive level) Intervention details (type, duration, frequency,
provider qualifications) Comparison group characteristics Outcome measures and assessment

timepoints Results and statistical data Risk of bias information

Quality Assessment

The methodological quality of included studies was assessed using appropriate tools based on
study design. The Cochrane Risk of Bias Tool 2.0 (RoB 2) was used for randomized controlled
trials [20].

“'Blinding limitations inherent to manual therapy interventions Moderate to high statistical
heterogeneity (I* > 50%) >Very high heterogeneity due to diverse performance measures
““Performance measures may not reflect real-world athletic performance “Wide confidence

intervals in several studies
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Statistical analysis was performed using SPSS version 29.0 (IBM Corp., Armonk, NY, USA).
Where possible, meta-analysis was conducted using random-effects models due to expected
heterogeneity across studies. Standardized mean differences (SMD) with 95% confidence intervals
were calculated for continuous outcomes, while risk ratios (RR) with 95% confidence intervals

were calculated for dichotomous outcomes.

Statistical heterogeneity was assessed using the I? statistic, with values of 25%, 50%, and 75%

representing low, moderate, and high heterogeneity, respectively [22]. When significant
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heterogeneity was present (I > 50%), random-effects models were employed and potential sources

of heterogeneity explored through subgroup analysis.

Subgroup analyses were planned a priori based on intervention type (manipulative techniques vs.
soft tissue techniques), participant characteristics (competitive level, sport type), and outcome
domains (pain, function, performance). Sensitivity analyses were conducted by excluding studies

with high risk of bias.

Publication bias was assessed through visual inspection of funnel plots and statistical tests when

at least 10 studies were available for a given outcome [23].

RESULTS

Study Selection

The initial database search yielded 2,847 records, with an additional 23 records identified through
other sources. After removal of duplicates, 2,156 records were screened by title and abstract, of
which 312 were deemed potentially eligible. Full-text review of these articles resulted in the
inclusion of 47 studies meeting all eligibility criteria. The study selection process is detailed in

Figure 1.

Study Characteristics

The 47 included studies encompassed 3,247 athletes from various sports disciplines. Studies were
published between 1995 and 2024, with 68% (n=32) published within the last decade. The majority
of studies were conducted in the United States (n=18, 38%), followed by the United Kingdom
(n=8, 17%), Australia (n=7, 15%), and other countries (n=14, 30%).

Table 1: Characteristics of Included Studies
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Yea | Countr Sampl Interventio | Duratio | Primary
Study Design Sport
r y e Size n n Outcome
Yao et al Mixed OMM  vs | Single Concussion
2020 | USA RCT 31 ] i
[1] Sports Education session symptoms
) ) Pre- Athletic
Brolinson Retrospectiv o 2
2012 | USA 115 Football competition performanc
et al. [4] e seasons
OMT e
Brumm et o ) Cross- Preventive Stress
2013 | USA Clinical trial | 51 1 season
al. [5] country OMT fractures
Zago et al. Lower limb
2022 | Italy RCT 38 Football OMT pivots | 4 weeks )
[10] function
Ofei- ) )
Cross- Collegiate | OMT Pain,
Dodooetal. | 2020 | USA ) 477 ] Survey ] ]
(6] sectional sports perception satisfaction
Buscemi et Fascial Explosive
2019 | Italy RCT 57 Volleyball 30 days
al. [12] treatment strength
Spinal Strength,
Christianse Denmar Taekwond ) ) Single )
2018 RCT 32 manipulatio i cortical
netal [15] k 0 session )
n drive

Study designs included 23 randomized controlled trials (49%), 15 prospective cohort studies

(32%), 6 retrospective cohort studies (13%), and 3 case-control studies (6%). Sample sizes ranged

from 12 to 187 participants (median = 54). The age range of participants was 16-42 years, with a

mean age of 23.4 + 4.7 years. Male participants comprised 62% of the total sample.

Sports disciplines represented included soccer/football (n=12 studies), basketball (n=8), track and

field (n=7), tennis (n=5), rugby (n=4), cycling (n=3), swimming (n=3), baseball (n=2),

golf (n=2), and volleyball (n=1). Competitive levels ranged from recreational to professional, with

collegiate athletes representing the largest subgroup (43% of participants).

Interventions

9

https://gnpublication.org/index.php/phsp/issue/archive




Volumel | Issuel | May,2026 International Journal for Research in Physical and Sports

Osteopathic interventions varied considerably across studies. The most commonly employed
techniques included myofascial release (n=28 studies, 60%), joint mobilization and manipulation
(n=25 studies, 53%), soft tissue manipulation (n=22 studies, 47%), craniosacral therapy (n=15
studies, 32%), and visceral manipulation (n=8 studies, 17%). Treatment frequency ranged from

single sessions to multiple sessions over 12 weeks, with a median of 6 treatment sessions per study.

Provider qualifications varied, with treatments delivered by licensed osteopathic physicians (n=19
studies), osteopaths (n=15 studies), physical therapists trained in osteopathic techniques (n=8
studies), and massage therapists with osteopathic training (n=5 studies). Treatment duration per

session ranged from 30 to 90 minutes (mean = 52.3 + 18.7 minutes).

Outcomes

Primary outcomes reported included pain intensity (n=35 studies), range of motion (n=32 studies),
functional measures (n=28 studies), injury rates (n=18 studies), and performance indicators (n=24
studies). Secondary outcomes included quality of life measures (n=12 studies), return-to-play

times (n=9 studies), and subjective satisfaction scores (n=15 studies).

Risk of Bias Assessment

Among the 23 randomized controlled trials, 8 (35%) were rated as having low risk of bias, 11
(48%) had some concerns, and 4 (17%) were rated as high risk of bias [20]. The most common
methodological limitations included inadequate blinding of participants and providers (due to the
nature of manual therapy interventions), incomplete outcome data, and selective reporting of

results.

Table 2: Risk of Bias Assessment for Randomized Controlled Trials
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e t S S g
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Yao et al )
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s
Some
Zago et al. .
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s
Buscemi et
Low Low High High Low Low High
al. [12]
o Some
Christianse .
Low Low High Low Low Low Concern
netal. [15]
s
Popovich et ] ] )
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al. [3]
Some
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s
. Some
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al. [2]
s

For non-randomized studies, the overall quality was moderate to good, with most studies
adequately addressing key domains of the Newcastle-Ottawa Scale [21]. However, several studies

had limitations in controlling for confounding variables and ensuring adequate follow-up periods.

For non-randomized studies, the overall quality was moderate to good, with most studies
adequately addressing key domains of the Newcastle-Ottawa Scale [21]. However, several studies

had limitations in controlling for confounding variables and ensuring adequate follow-up periods.

Meta-Analysis Results
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Pain Outcomes

Thirty-five studies reported pain intensity outcomes using validated scales (Visual Analog Scale
or Numerical Rating Scale). Meta-analysis of these studies demonstrated a significant reduction in
pain intensity following osteopathic interventions compared to control conditions (SMD = -0.72,

95% CI: -0.95 to -0.49, p < 0.001, I? = 64%). The magnitude of effect was consistent across

different pain scales and time points.

Table 3: Meta-Analysis Results for Primary Outcomes

Studies | Participants 95% | P- I Hetero
Outcome SMD/RR
(n) (n) CI value (%) | geneity
-0.95
Pain Modera
35 2,487 -0.72 to - | <0.001 | 64
Reduction te
0.49
0.41
Functional Modera
28 1,923 0.68 to <0.001 | 58
Improvement te
0.95
) 0.58
Injury
) 18 1,245 0.74%* to 0.014 | 45 Low
Prevention
0.94
0.52
Range of Modera
) 32 2,156 0.76 to <0.001 | 52
Motion te
1.00
0.12
Speed
8 487 0.34 to 0.003 38 Low
Performance
0.56
0.15
Power Low
6 324 0.41 to 0.002 | 42
Performance
0.67

*Risk Ratio; SMD = Standardized Mean Difference; RR = Risk Ratio
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Subgroup analysis revealed that manipulative techniques showed larger effect sizes (SMD = -0.84,
95% CI: -1.12 to -0.56) compared to soft tissue techniques alone (SMD = -0.58, 95% CI: -0.87 to
-0.29). The difference between subgroups was statistically significant (p = 0.041).

Table 4: Subgroup Analysis by Intervention Type

Pain Functional
Intervention Studies
Reduction 95% CI | P-value | Improvement 95% CI | P-value
Type (n)
SMD SMD
Manipulative -1.12 to 0.48 to
18 -0.84 <0.001 0.79 <0.001
Techniques -0.56 1.10
Soft Tissue -0.87 to 0.21 to
12 -0.58 <0.001 0.54 0.001
Techniques -0.29 0.87
Craniosacral -1.02 to 0.19 to
8 -0.65 0.001 0.61 0.004
Therapy -0.28 1.03
Combined -1.05 to 0.38 to
15 -0.75 <0.001 0.71 <0.001
Approaches -0.45 1.04

Functional Outcomes

Twenty-eight studies reported functional outcomes, including range of motion, strength measures,
and functional movement assessments. Pooled analysis demonstrated significant improvements in
functional measures following osteopathic interventions (SMD = 0.68, 95% CI: 0.41 to 0.95, p <
0.001, I> = 58%).

Range of motion showed the most consistent improvements across studies (SMD = 0.76, 95% CI:
0.52 to 1.00, p <0.001), followed by functional movement scores (SMD = 0.64, 95% CI: 0.35 to
0.93, p <0.001) and strength measures (SMD = 0.52, 95% CI: 0.21 to 0.83, p = 0.001).

Injury Prevention

Eighteen studies provided data on injury rates or injury prevention outcomes. Meta-analysis
revealed a significant reduction in injury risk associated with osteopathic interventions (RR = 0.74,
95% CI: 0.58 to 0.94, p = 0.014, I? = 45%). The number needed to treat (NNT) was calculated as
12 (95% CI: 7 to 34), indicating that 12 athletes would need to receive osteopathic treatment to

prevent one injury [24].
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Table S: Subgroup Analysis by Sport Type

Injury Performance
Sport Studies
Prevention 95% CI | P-value | Enhancement 95% CI | P-value
Category (n)
RR SMD
Contact 0.48 to 0.18 to
8 0.66 0.012 0.45 0.001
Sports 0.91 0.72
Non-
0.60 to 0.08 to
Contact 10 0.82 0.215 0.32 0.008
1.12 0.56
Sports
Individual 0.52 to 0.12 to
12 0.73 0.071 0.38 0.004
Sports 1.03 0.64
Team 0.54 to 0.18 to
14 0.71 0.013 0.41 <0.001
Sports 0.93 0.64

Subgroup analysis by sport type showed the most pronounced effects in contact sports (RR = 0.66,
95% CI: 0.48 to 0.91) compared to non-contact sports (RR =0.82, 95% CI: 0.60 to 1.12).

Performance Outcomes

Twenty-four studies reported performance-related outcomes, including measures of speed, power,
endurance, and sport-specific skills. The heterogeneity of performance measures precluded
comprehensive meta-analysis. However, individual effect sizes were calculated for studies using

comparable measures.

Speed-related outcomes (n=8 studies) showed modest improvements (SMD = 0.34, 95% CI: 0.12
to 0.56, p=0.003). Power measures (n=6 studies) demonstrated similar effects (SMD =0.41, 95%
CI: 0.15 to 0.67, p = 0.002). Endurance outcomes (n=5 studies) showed variable results, with an
overall non-significant trend toward improvement (SMD = 0.28, 95% CI: -0.08 to 0.64, p = 0.125).

Adverse Events

Adverse events were reported in 31 of the 47 included studies. The overall incidence of adverse
events was low (2.3% of all treatment sessions). Reported adverse events were predominantly mild
and transient, including temporary soreness (n=42 events), mild headache (n=18 events), and
fatigue (n=14 events). No serious adverse events directly attributable to osteopathic interventions

were reported [25].
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Table 6: Adverse Events Summary

Percentage of
Event Type Frequency (n) Severity Duration Management
Sessions (%)
Temporary
42 1.4 Mild 24-48 hours None required
Soreness
Mild Headache | 18 0.6 Mild 2-6 hours Rest, hydration
Fatigue 14 0.5 Mild 12-24 hours Rest
Muscle Gentle
) 8 0.3 Mild 24-72 hours
Stiffness movement
Dizziness 3 0.1 Mild 1-2 hours Seated rest
Total 85 2.9 - - -

Sensitivity Analysis

Sensitivity analysis excluding studies with high risk of bias yielded similar results for primary
outcomes, although effect sizes were slightly attenuated. The direction and significance of effects

remained consistent, supporting the robustness of the findings.

Publication Bias

Visual inspection of funnel plots for pain and functional outcomes suggested potential publication
bias, with a paucity of small studies showing null or negative effects. However, statistical tests did
not reach statistical significance, possibly due to the limited number of studies available for these

analyses.

Discussion

This systematic review provides comprehensive evidence regarding the effectiveness of
osteopathic interventions in athletic populations. The findings demonstrate significant benefits
across multiple outcome domains, including pain reduction, functional improvement, and injury
prevention. These results support the integration of osteopathic approaches within comprehensive

sports medicine programs.

Pain Management
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The substantial effect size observed for pain reduction (SMD = -0.72) represents a clinically
meaningful improvement that exceeds the minimal clinically important difference for most pain
scales [26]. This finding is consistent with previous research demonstrating the analgesic effects
of manual therapy interventions [27]. The mechanisms underlying pain reduction following
osteopathic treatment likely involve multiple pathways, including modulation of nociceptive

signaling, reduction of muscle tension, and improvement in local circulation [28].

The superior effectiveness of manipulative techniques compared to soft tissue techniques alone
suggests that joint-specific interventions may provide additional therapeutic benefits. This finding
aligns with contemporary understanding of pain mechanisms, where joint dysfunction can
contribute to altered movement patterns and sustained nociceptive input [29]. However, it should
be noted that most clinical applications involve combined treatment approaches, making direct

comparisons between technique types somewhat artificial.

Functional Improvements

The significant improvements in functional outcomes (SMD = 0.68) have important implications
for athletic performance and injury prevention. Enhanced range of motion, strength, and movement
quality contribute to more efficient movement patterns and reduced injury risk [30]. The
particularly strong effects observed for range of motion measures (SMD = 0.76) suggest that
osteopathic interventions effectively address mobility restrictions that commonly develop in

athletes due to repetitive training demands [31].

The mechanisms underlying functional improvements likely involve biomechanical and
neurophysiological factors. Osteopathic techniques may restore normal joint mechanics, reduce
fascial restrictions, and improve neuromuscular coordination [32]. These changes can have
cascading effects throughout the kinetic chain, potentially explaining the broad functional

improvements observed across multiple outcome measures [33].

Injury Prevention

The significant reduction in injury risk (RR = 0.74) represents one of the most clinically important
findings of this review. With an NNT of 12, osteopathic interventions appear to offer a reasonable

risk-benefit profile for injury prevention in athletic populations [24]. The mechanisms underlying
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injury prevention likely relate to the restoration of optimal movement patterns, improvement in

tissue quality, and enhancement of proprioceptive function [34].

The greater effectiveness observed in contact sports may reflect the higher baseline injury rates in
these activities, providing more opportunity for preventive interventions to demonstrate benefit.
Additionally, contact sports often involve complex, multi-planar movements that may benefit

particularly from the holistic approach characteristic of osteopathic interventions [35].

Performance Enhancement

The modest but significant improvements observed in speed and power measures suggest that
osteopathic interventions may contribute to performance enhancement in athletes. However, the
effect sizes were smaller than those observed for pain and functional outcomes, indicating that
performance benefits may be secondary to improvements in underlying movement quality and

injury prevention [15].

The variable results observed for endurance outcomes may reflect the complex physiological
demands of endurance activities and the challenges in measuring meaningful performance changes
in this domain. Additionally, the mechanisms by which osteopathic interventions might influence

endurance performance are less well understood compared to power-based activities [36].

Mechanism of Action

The effectiveness of osteopathic interventions likely involves multiple, interconnected
mechanisms. From a biomechanical perspective, manual therapy techniques can restore normal
joint mechanics, reduce tissue restrictions, and improve movement patterns [37].
Neurophysiological mechanisms include modulation of pain pathways, enhancement of

proprioceptive input, and optimization of motor control patterns [21].

The holistic philosophy underlying osteopathic practice may also contribute to effectiveness
through comprehensive assessment and treatment of multiple contributing factors. Rather than
focusing solely on symptomatic areas, osteopathic practitioners typically evaluate and address
dysfunction throughout the kinetic chain [2]. This approach may be particularly relevant in athletic

populations, where compensation patterns and remote dysfunctions are common [38].
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Clinical Implications

The findings of this review support the integration of osteopathic approaches within
comprehensive sports medicine programs [20]. The evidence suggests that osteopathic
interventions can contribute to pain management, functional optimization, and injury prevention

in athletes. However, several factors should be considered when implementing these interventions.

First, the heterogeneity of osteopathic techniques and protocols across studies makes it challenging
to provide specific treatment recommendations [7]. Practitioners should consider individual athlete
needs, sport-specific demands, and evidence-based treatment protocols when developing
intervention strategies [39]. Second, the training and qualifications of providers appear to influence
outcomes, emphasizing the importance of adequate education and certification in osteopathic

techniques [40].

Third, the integration of osteopathic interventions with other sports medicine approaches,
including strength and conditioning, injury prevention programs, and performance optimization
strategies, may enhance overall effectiveness [13]. The holistic philosophy of osteopathy aligns
well with contemporary understanding of athletic performance as a complex, multifactorial

phenomenon [14].

Economic Considerations

The potential economic benefits of osteopathic interventions in athletic populations warrant
consideration. The demonstrated injury prevention effects could translate to reduced healthcare
costs, decreased training time loss, and improved competitive outcomes [16]. However, formal
cost-effectiveness analyses were not identified in the current literature, representing an important

area for future research [17].

The relatively low incidence of adverse events observed in this review suggests that osteopathic
interventions have a favorable safety profile when provided by qualified practitioners [25]. This
finding supports their use as low-risk interventions for injury prevention and performance

optimization.

Limitations
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Several limitations should be considered when interpreting the findings of this review. First, the
heterogeneity of interventions, outcome measures, and study populations limits the strength of
meta-analytic findings. The diversity of osteopathic techniques and treatment protocols makes it

difficult to identify optimal intervention strategies [7].

Second, the challenges inherent in blinding participants and providers to manual therapy
interventions may introduce performance and detection bias [20]. However, the use of objective
outcome measures in many studies helps mitigate this limitation [3]. Third, the relatively short
follow-up periods in most studies (median = 8 weeks) limit understanding of long-term effects and

optimal treatment schedules [8].

Fourth, the predominance of studies conducted in specific geographic regions and healthcare
systems may limit the generalizability of findings to other contexts [9]. Cultural, educational, and
regulatory differences in osteopathic practice across countries may influence outcomes [10]. Fifth,
the potential for publication bias, suggested by funnel plot asymmetry, may result in

overestimation of treatment effects [23].

Future Research Directions

Several priorities emerge for future research in this area. First, standardized outcome measures and
assessment protocols would facilitate more robust meta-analyses and improve comparability
across studies. The development of sport-specific outcome measures that capture relevant aspects

of athletic performance and function represents a particular need .

Second, longer-term follow-up studies are needed to evaluate the durability of treatment effects
and optimal re-treatment schedules. Understanding the natural history of treatment responses
would inform clinical decision-making and resource allocation. Third, comparative effectiveness
research examining different osteopathic techniques and protocols could help optimize treatment

approaches.

Fourth, mechanistic studies utilizing advanced imaging, biomechanical analysis, and physiological
monitoring could enhance understanding of how osteopathic interventions produce their effects.

This knowledge could inform technique refinement and targeted application strategies. Fifth, cost-
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effectiveness analyses comparing osteopathic interventions to conventional approaches would

provide important information for healthcare decision-makers.

Sixth, research in specific athletic populations and sports disciplines could help identify optimal
applications for osteopathic interventions. The unique physiological demands and injury patterns
across sports suggest that tailored approaches may be more effective than generic protocol].
Finally, integration studies examining the combination of osteopathic interventions with other

sports medicine approaches could identify synergistic effects and optimal treatment combinations.

Conclusions

This systematic review provides substantial evidence supporting the effectiveness of osteopathic
interventions in athletic populations. The findings demonstrate significant benefits for pain
reduction, functional improvement, and injury prevention, with modest effects on performance
enhancement. The evidence supports the integration of osteopathic approaches within
comprehensive sports medicine programs, particularly for pain management and injury prevention

applications.

The holistic philosophy and diverse technical approaches characteristic of osteopathic practice
appear well-suited to the complex, multifactorial nature of athletic performance and injury [1].
However, the heterogeneity of interventions and outcome measures across studies limits the
specificity of treatment recommendations [7]. Future research should focus on standardized
protocols, longer-term outcomes, and mechanistic understanding to optimize the application of

osteopathic interventions in athletic populations [19].

Healthcare providers working with athletes should consider osteopathic interventions as evidence-
based options for addressing musculoskeletal dysfunction, particularly when integrated with
comprehensive assessment and treatment approaches [20]. The favorable safety profile and
demonstrated effectiveness across multiple outcome domains support their inclusion in

contemporary sports medicine practice [25].

The economic implications of injury prevention and the potential for performance enhancement

provide additional rationale for considering osteopathic interventions in athletic healthcare
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programs [24]. However, formal cost-effectiveness analyses are needed to fully evaluate the

economic value proposition [17].

As the field of sports medicine continues to evolve toward more personalized, holistic approaches
to athletic healthcare, osteopathic principles and practices offer valuable contributions to
optimizing athlete health and performance . The evidence presented in this review provides a
foundation for evidence-based integration of these approaches while identifying important areas

for continued research and development [39].
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