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Abstract

Background: Postoperative bowel dysfunction, including delayed gastrointestinal recovery
and postoperative ileus, is a common complication that increases morbidity and prolongs
hospitalization. In this systematic review and meta-analysis, we evaluated the effects of
manual therapies on postoperative bowel function. Methods: MEDLINE /PubMed, Google
Scholar, the Cochrane Library, Semantic Scholar, and ClinicalTrials.gov were searched from
database inception up to 17 March 2026, and studies evaluating osteopathic manipulative
treatment (OMT) or abdominal massage in postoperative patients were included in our
analysis. Risk of bias and certainty were assessed using validated study design-specific
tools, including the Grading of Recommendations Assessment, Development, and Evaluation
(GRADE) framework. Random-effects meta-analyses were performed for the prespecified
outcomes of time to first bowel movement, time to first flatus, and hospital length of stay.
Results: Seventeen studies met our inclusion criteria. Both OMT and abdominal massage were
associated with a significantly shorter time to first bowel movement compared with controls
(OMT: mean difference [MD] —0.57 days, 95% CI —0.96 to —0.18; abdominal massage: MD
—0.91 days, 95% CI —1.47 to —0.35). OMT was also associated with reduced hospital length of
stay (MD —2.46 days, 95% CI —4.52 to —0.41), while time to first flatus demonstrated favorable
but non-significant trends, with substantial heterogeneity. Conclusions: Manual therapy
may be associated with earlier postoperative bowel recovery, although heterogeneity and
methodological limitations warrant cautious interpretation. Further high-quality multicenter
studies are needed to clarify the clinical significance and reproducibility of these findings.

Keywords: postoperative bowel dysfunction; postoperative ileus; osteopathic manipulative
treatment; abdominal massage; manual medicine; postoperative recovery; gastrointestinal
motility; OMT; OMM

1. Introduction

Postoperative bowel dysfunction, encompassing a wide range of gastrointestinal
symptoms, including but not limited to delayed passage of flatus, abdominal distention,
nausea, and vomiting, is a common complication following surgery and is associated with
increased patient discomfort, delayed recovery, prolonged hospital stay, and increased
healthcare costs [1,2]. Postoperative ileus, a severe form of postoperative bowel dysfunction
that occurs in as many as 10-30% of patients undergoing abdominal surgery, is defined
as a temporary impairment of gastrointestinal motility after surgery that is not associated
with a mechanical obstruction [1,3]. The development of postoperative bowel dysfunction
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is multifactorial and may result from the effects of anesthesia, surgical stress response,
inflammation, opioid analgesics, and postoperative mobility—all factors that may con-
tribute to a delay in gastrointestinal motility and recovery [2,3]. As the return of bowel
function is often a key milestone for hospital discharge, delays in gastrointestinal recovery
can significantly impact postoperative recovery and healthcare utilization [1,2].

Current management of postoperative bowel dysfunction primarily focuses on phar-
macologic interventions and supportive care [4—6]. Opioid-sparing pain management
strategies are commonly used to reduce opioid-induced gastrointestinal hypomotility
and subsequent delays in postoperative bowel function [4], while pharmacologic agents
such as stool softeners, stimulant laxatives, osmotic agents, and prokinetic agents are
frequently used to promote bowel motility and reduce constipation in the postoperative
period, although evidence supporting routine use varies [5]. Peripherally acting mu-opioid
receptor antagonists, such as alvimopan, have been shown to accelerate gastrointestinal
recovery and reduce length of hospital stay following bowel surgery by counteracting
opioid-induced gut hypomotility without affecting analgesia [6]. Despite these interven-
tions, pharmacologic management is not always effective and may be associated with side
effects, increased cost, and variability in patient response, leading to continued interest in
adjunctive therapies to improve postoperative bowel function and recovery [4,6].

Non-pharmacologic strategies are also commonly used to promote the return of bowel
function following surgery [7-9]. Early ambulation, early enteral feeding, and adequate
hydration are key components of Enhanced Recovery After Surgery (ERAS) protocols and
have been shown to reduce postoperative complications and shorten length of hospital
stay by promoting an earlier return of gastrointestinal function [7]. Chewing gum, a form
of sham feeding, has also been studied as a simple intervention to stimulate gastrointesti-
nal motility through activation of the cephalic-vagal reflex and increased gastrointestinal
hormone secretion [8,9]. Randomized controlled trials and meta-analyses testing sham
feeding suggest reductions in time to first flatus and time to first bowel movement fol-
lowing surgery, although the magnitude of benefit varies between studies [8,9]. Despite
the use of these non-pharmacologic strategies, postoperative bowel dysfunction remains
a common postoperative complication, suggesting that additional adjunctive therapies may
be beneficial to further improve gastrointestinal recovery [7,9].

Manual therapy, including osteopathic manipulative treatment (OMT) and abdominal
massage, has been investigated as a potential adjunctive therapy to improve postopera-
tive bowel function [10-13]. Several physiological mechanisms have been hypothesized,
including modulation of autonomic nervous system activity, reduction in sympathetic tone,
enhancement of parasympathetic activity, improvement in lymphatic and venous return,
and mechanical stimulation of the gastrointestinal tract [10].

OMT may influence gastrointestinal recovery through effects on autonomic regula-
tion and circulatory function, whereas abdominal massage may facilitate gastrointesti-
nal transit through direct mechanical stimulation of the abdominal wall and underlying
viscera [10-13]. However, much of the mechanistic rationale is based on physiologic theory
and indirect evidence, and the extent to which these mechanisms contribute to postopera-
tive gastrointestinal recovery remains incompletely understood.

Clinical evidence evaluating these interventions in postoperative patients has yielded
mixed results. Studies of OMT have reported improvements in outcomes such as time
to first flatus, time to first bowel movement, postoperative ileus, and hospital length of
stay, although findings have not been consistent across investigations [10-12]. Similarly,
abdominal massage has been evaluated as a non-invasive intervention to support gas-
trointestinal recovery, with some studies demonstrating earlier return of bowel function
and others reporting limited or no benefit [13]. Given the heterogeneity in study designs,
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patient populations, and treatment protocols, the overall effectiveness of manual medicine
in the management of postoperative bowel dysfunction remains uncertain and warrants
further evaluation.

Therefore, the objective of this systematic review is to evaluate the effect of manual
therapy, including OMT and abdominal massage, compared with standard postoperative
care or no manual therapy on the recovery of bowel function and the prevention and
treatment of postoperative bowel dysfunction in patients undergoing surgery.

2. Materials and Methods
2.1. Protocol

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 reporting guidelines [14].
Although this review was not prospectively registered, eligibility criteria, outcomes of interest,
search strategies, study selection procedures, and planned analytical methods were established
prior to study screening and data extraction. The completed PRISMA 2020 Checklist and
PRISMA 2020 for Abstracts Checklist are provided in the Supplementary Files S1 and S2.

2.2. Eligibility Criteria

The review question was structured according to the Population, Intervention, Com-
parator, Outcome, and Study Design (PICOS) framework. The population included patients
experiencing postoperative bowel dysfunction or undergoing postoperative recovery where
gastrointestinal function outcomes were reported. The interventions of interest were hands-
on manual medicine therapies, including OMT and abdominal massage. Comparators
included standard postoperative care, sham treatment, placebo interventions, or no manual
therapy. No single primary outcome was prespecified for this review. Given the het-
erogeneity of the available literature, the review evaluated multiple clinically relevant
indicators of postoperative gastrointestinal recovery. Outcomes selected for quantitative
synthesis included time to first bowel movement, time to first flatus, and hospital length of
stay. Secondary outcomes included postoperative ileus incidence, bowel sounds, dietary
tolerance, constipation-related outcomes, and other measures of gastrointestinal recovery.
Quantitative synthesis was performed when sufficient data were available. Eligible study
designs included randomized controlled trials, non-randomized interventional studies,
cohort studies, and other clinical studies reporting human patient-level outcomes.

Studies were eligible for inclusion if they involved patients undergoing postoperative
recovery in whom gastrointestinal recovery outcomes were assessed, evaluated a form of
hands-on manual therapy as an intervention, and reported human patient-level clinical
or physiological outcomes. For the purposes of this review, manual therapy was defined
as direct therapeutic intervention administered manually by a practitioner without the
use of mechanical devices, instruments, or needle-based modalities. All clinical studies
evaluating such manual therapies for the management of postoperative bowel dysfunction
were eligible for inclusion regardless of study design, clinical context, or outcome measure.
Narrative reviews, systematic reviews, studies evaluating pharmacologic interventions,
and studies assessing interventions delivered primarily through devices or instruments
(e.g., acupuncture needles or electrically powered massage devices) were excluded.

2.3. Information Sources and Search Strategy

A comprehensive literature search was conducted to identify clinical studies evalu-
ating the use of manual medicine in patients with postoperative bowel dysfunction. The
databases MEDLINE via PubMed (National Library of Medicine, Bethesda, MD, USA),
Google Scholar (Google, Mountain View, CA, USA), the Cochrane Library (Wiley, Hoboken,
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NJ, USA), Semantic Scholar (Allen Institute for Al Seattle, WA, USA), and ClinicalTrials.gov
(National Library of Medicine, Bethesda, MD, USA) were searched from database incep-
tion to 17 March 2026. Only studies published in English were considered for inclusion.
Search strategies were adapted for each database to account for differences in indexing
systems, controlled vocabulary, and search functionality, while maintaining consistent
conceptual domains related to postoperative bowel dysfunction and manual medicine.
Detailed database-specific search strategies are provided in Appendix A.

Search terms included combinations of keywords and controlled vocabulary related
to manual medicine and postoperative bowel dysfunction, such as “postoperative”, “post-
operative ileus”, “paralytic ileus”, “massage therapy”, and “osteopathic manipulative
treatment.” In MEDLINE /PubMed, Medical Subject Headings (MeSH) were used to opti-
mize sensitivity. Google Scholar searches prioritized articles with high relevance to the topic
by limiting queries to titles. The Cochrane Library and Semantic Scholar were searched
using comparable keyword combinations to ensure comprehensive retrieval of relevant
studies. ClinicalTrials.gov utilized the name of the condition and manual therapy in the
other terms section.

2.4. Study Selection and Data Extraction

Literature searches, title and abstract screening, full-text eligibility assessment, and
data extraction were performed by two authors (A.P. and O.P.) using predefined eligibility
criteria. Screening and study selection were conducted independently, and any discrep-
ancies between reviewers were resolved through discussion and consensus. Reasons for
exclusion at the full-text stage are detailed in Figure 1 [14]. Risk of bias assessments were
applied at the study level using predefined criteria.

Identification of Studies via Databases and Registers ‘ ‘

Identification of Studies via Other Methods

= Records identified from: Records removed Records identified from:
2 « MEDLINE/PubMed (n = 25) before screening: « Citation searching
L e Semantic Scholar (n = 250) « Duplicate records etc.(n=95)
b= e Google Scholar (n = 250) removed (n = 23)
3 e Cochrane Library (n = 26)
- e clinicaltrials.gov (n = 9)
Records screened Records excluded
(n=537) (n =515)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval N Reports not retrieved
(n=22) (n=0) (n=5) (n=0)
£ l l
®
§ Reports assessed for eligibility Reports excluded: Reports assessed for eligibility N Records excluded
(n=22) e Casereport(n="1) (n=5) (n=0)
e Acupuncture, not
manual medicine (n = 3)
« Electronic device, not
manual medicine (n = 2)
e Rocking chair, not
manual medicine (n =1)
« Active clinical trial (n = 3)
Studies included in review
o (n=17)
% Reports of included studies
= (n=17)
C

Figure 1. PRISMA 2020 flow diagram of study selection process. PRISMA: Preferred Reporting Items
for Systematic Reviews and Meta-Analyses.
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2.5. Statistical Analysis

For the included studies, data were extracted regarding author, study design, pop-
ulation, manual medicine technique(s) used, key findings, primary limitations, and risk
of bias. Forest plots were generated using NetMetaEasy (Fekete et al., 2026), a web-
based meta-analysis platform, to visualize pooled effect estimates [15]. Although Net-
MetaEasy supports network meta-analysis, only conventional pairwise random-effects
meta-analyses were performed in the present study. Meta-analyses were performed using
an inverse-variance random-effects model, with between-study variance estimated using
the DerSimonian-Laird method. Continuous outcomes analyzed included time to first
bowel movement, time to first flatus, and length of hospital stay where sufficient data
were available. Where necessary, outcomes reported in hours were converted to days
for consistency in quantitative synthesis. Pooled mean differences are reported with 95%
confidence intervals, and statistical significance was assessed using the test for overall effect.
Heterogeneity was assessed using the I? statistic and the heterogeneity test p-value. For
studies with multiple intervention arms, only intervention groups meeting the predefined
eligibility criteria were included. Intervention arms were analyzed separately where appro-
priate, and control groups were not double-counted. For studies reporting medians and
ranges or interquartile ranges, means and standard deviations were estimated using estab-
lished conversion methods in accordance with Cochrane guidelines [16,17]. All statistical
methods and analyses were independently reviewed for accuracy by a biostatistician.

2.6. Risk of Bias Assessment

Risk of bias was assessed using study design-specific appraisal tools: the Cochrane
Risk of Bias Tool (RoB 2, version 2.0) was used for randomized controlled trials [18], the
Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I, version 1.0) tool was
used for non-randomized interventional studies [19], and the Newcastle-Ottawa Scale (NOS,
original version) was applied to observational and retrospective studies [20]. Risk of bias
assessments were performed at the study level rather than separately for each reported
outcome. Although RoB 2 and ROBINS-I can be applied on an outcome-specific basis, the
present review utilized overall study-level judgments to provide a consistent assessment
across studies with heterogeneous outcome reporting. Consequently, risk of bias may have
differed between individual outcomes within a given study, and this should be considered
when interpreting the findings. Certainty of evidence for outcomes included in quantitative
synthesis was assessed using the Grading of Recommendations Assessment, Development,
and Evaluation (GRADE) framework. Certainty ratings were determined by considering study
limitations (risk of bias), inconsistency, indirectness, imprecision, and potential publication
bias. Summary of Findings tables are provided in the Appendix A (Table Al) [21].

3. Results
3.1. Study Selection

A total of 537 unique records were identified in the initial literature search. After title
and abstract screening, 22 articles were sought for retrieval and assessed for eligibility. These
22 articles underwent full-text review, and 12 of these studies were ultimately included in
the review. Citation searching yielded five additional studies for inclusion. All included
studies reported outcomes for postoperative bowel function in surgical patients following
a therapeutic manual intervention. The study selection process is shown in Figure 1.

Ten articles were excluded: one study was excluded as a case report; three studies were
excluded for evaluating acupuncture alone; two were excluded due to the use of electronic
devices, which did not meet the definition of manual medicine; one study utilizing a rocking
chair intervention was excluded; and three ongoing clinical trials were identified but excluded
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due to lack of available results [22—24]. While many articles addressed postoperative bowel
dysfunction, relatively few evaluated manual techniques as a treatment modality. Although
some studies assessed massage-based interventions, these were performed using mechanical
devices rather than hands-on techniques and were therefore excluded based on the predefined
eligibility criteria (e.g., Leblanc-Louvry et al.) [25].

3.2. Study Characteristics

The 17 included studies primarily investigated OMT (n = 9) and abdominal massage
(n = 7) as non-pharmacologic interventions for postoperative bowel dysfunction. One
additional study compared abdominal massage, acupressure, and control groups (n = 1).

Fourteen studies evaluated manual medicine as a prophylactic intervention to facilitate
postoperative gastrointestinal recovery, whereas three studies evaluated manual medicine
for the treatment of established postoperative bowel dysfunction or ileus. Across the
included studies, the most frequently reported postoperative outcomes included time to
first flatus (n = 7), time to first bowel movement or defecation (1 = 8), and hospital length
of stay (n = 8). Bowel sounds were reported in several studies but were not included in
the quantitative synthesis due to heterogeneity in measurement, reporting, and concerns
regarding their validity as an outcome measure. Additional relevant outcomes related to
postoperative bowel dysfunction are synthesized narratively in the Discussion Section.
The included studies, with their relevant characteristics and findings, are summarized
in Table 1.

Table 1. Summary of included studies evaluating non-pharmacologic manual medicine techniques
for the management of postoperative bowel dysfunction.

Author (Year)

Study Design

Clinical
Context

Surgical
Procedure

Non-Pharmacologic

Technique(s) Used Comparator

Population (1) Key Findings

Baltazar et al.
[26]

Retrospective
cohort

OMT was associated
with significantly earlier
return of flatus and a
markedly shorter
postoperative hospital
length of stay,
suggesting improved
postoperative
gastrointestinal
recovery.

Small or large
bowel resection,
gastric resection,
or repair

Standard
OMT postoperative
care

55 patients Prevention

Crow etal. [27]

Retrospective
cohort

Patients receiving OMT
had a significantly
shorter hospital length
of stay compared with
controls.

331 patients Abdominal OMT
surgery

No OMT Treatment

Fleming et al.
[28]

Retrospective
cohort study

No significant reduction
in hospital length of stay
was observed;
interpretation was
limited by greater
baseline illness severity
in the OMT group,
including higher rates of
ICU admission and
postoperative ileus.

Standard
OMT postoperative
care

Posterolateral

thoracotomy Prevention

38 patients

Genewick et al.

[29]

Non-

randomized QI

study

No significant
differences were
observed in time to flatus
or firstbowel movement;
however, OMT was
associated with a modest
reduction in length of
stay, with subgroup
analysis demonstrating
significant benefit in
patients undergoing
open surgery.

Colorectal and Standard
abdominal OMT postoperative
surgery care

88 patients Prevention
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Table 1. Cont.

Author (Year)

Study Design

Population ()

Surgical
Procedure

Non-Pharmacologic
Technique(s) Used

Comparator

Clinical
Context

Key Findings

Herrmann [30]

Retrospective
observational
study

317 patients

Major surgery

OMT

Usual
postoperative
care

Treatment

There was an association
between OMT and
improved postoperative
gastrointestinal
outcomes, including
lower rates of
postoperative ileus and
earlier return of bowel
function; however, these
findings should be
interpreted cautiously
due to the study’s
serious risk of bias.

Lo Piccolo et al.
[31]

Non-
randomized
time-controlled
clinical trial

43 patients

Laparoscopic
appendectomy

OMT

Standard
postoperative
care

Prevention

OMT was associated
with shorter hospital
length of stay, improved
pain control, and
favorable trends toward
earlier bowel recovery
and mobilization,
supporting its potential
role in enhancing
postoperative recovery.

Probstetal. [32]

Randomized
controlled trial

20 patients

Elective bowel
resection

OMT

Sham OMT

Prevention

OMT was feasible, with
no intervention-related
adverse events reported.
The study also
demonstrated reduced
postoperative pain and
favorable trends toward
earlier return of bowel
function and shorter
hospital stay.

Racca et al. [33]

Randomized
controlled trial

80 patients

CABG, valve
surgery, or
ascending aortic
surgery

OMT

Standard
rehabilitation

Prevention

OMT was associated
with a significantly
shorter postoperative
length of stay compared
to standard
rehabilitation alone,
suggesting a potential
benefit in overall
postoperative recovery.

Wieting et al.
[34]

Randomized
controlled trial

53 patients

Coronary artery
bypass graft

OMT

Placebo OMT
and standard care

Prevention

OMT was associated
with shorter hospital
stay, earlier return of
bowel function, and
improved functional
recovery, though
differences did not reach
statistical significance in
this pilot study.

Dogan et al. [35]

Randomized
controlled trial

60 patients

Total
laparoscopic
hysterectomy or
total abdominal
hysterectomy

Abdominal massage

Standard
postoperative
care

Prevention

Abdominal massage was
associated with reduced
postoperative pain,
decreased analgesic
requirements, and
earlier return of flatus
and defecation, with
greater functional
improvement observed
in laparoscopic patients.

Faucheron et al.
[36]

Randomized
controlled trial

36 patients

Resection of
small bowel,
colon, or high
rectum with
anastomosis

Abdominal massage

Standard
postoperative
care

Prevention

No significant
differences were
observed in time to first
flatus, bowel movement,
pain, or quality-of-life
measures between
abdominal massage and
control groups.

Iskender &
Caligkan [37]

Randomized
controlled trial

91 patients

Total knee
arthroplasty

Abdominal massage

Standard care
(and acupressure
arm)

Prevention

Both abdominal massage
and acupressure were
associated with reduced
constipation severity
and earlier defecation
compared with standard
care.
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Table 1. Cont.

Author (Year)

Study Design

Surgical Non-Pharmacologic Clinical

Population () Procedure Technique(s) Used Comparator Context

Key Findings

Kanat & Ugras
[38]

Randomized
controlled trial

Patients receiving
abdominal massage
demonstrated earlier
recovery of bowel
activity and improved
postoperative
pulmonary function
compared with controls.

Standard
Abdominal massage postoperative Prevention
care

Partial hip

78 patients replacement

Kiigiikaydinoglu
& Turan [39]

Randomized
controlled trial

Abdominal massage
produced
gastrointestinal
symptom outcomes

Treatment  comparable to
pharmacologic therapy
and was associated with
improved patient
comfort.

Pharmacologic

68 patients Not reported Abdominal massage therapy

Park etal. 2018
[40]

Observational
study

Abdominal massage was
associated with a shorter
time to first flatus

following robot-assisted

Robot-assisted No abdominal laparoscopic
716 patients laparoscopic Abdominal massage Prevention P P

rostatectom massage prostatectomy on
p y univariate analysis,

though this association
was not maintained after
multivariate adjustment.

Park et al., 2023
[41]

Randomized
controlled trial

Abdominal massage was
associated with reduced
constipation-related
interventions and lower
rates of defecation
failure, though no
significant effect was
observed on
postoperative ileus or
length of stay.

Internal fixation Standard
88 patients or arthroplasty Abdominal massage postoperative Prevention
of hip care

Yildiz et al. [42]

Randomized
controlled trial

Abdominal massage was
associated with earlier
Standard return of bowel sounds,
130 patients Cardiacsurgery ~ Abdominal massage postoperative Prevention  faster passage of flatus,
care and earlier defecation
compared with standard
postoperative care.

This table summarizes the characteristics and findings of studies included in this systematic review. Studies
were identified through a comprehensive literature search of MEDLINE /PubMed, Google Scholar, the Cochrane
Library, and Semantic Scholar. Included studies evaluated the use of manual therapy as a non-pharmacologic
adjunct for the management of postoperative bowel dysfunction. For each study, the study design, population size,
technique employed, and key findings are reported. Study designs ranged from retrospective cohorts and chart
reviews to randomized controlled trials and observational studies. OMT: osteopathic manipulative treatment; QI:
quality improvement.

3.3. Risk of Bias

Risk of bias among randomized controlled trials (n = 10) was assessed using the
Cochrane RoB2, with most studies demonstrating some concerns across domains, primar-
ily in the randomization process and selection of reported results (Figure 2) [18]. Non-
randomized interventional studies (1 = 3), evaluated using ROBINS-I, showed an overall
moderate to serious risk of bias, largely due to confounding and participant selection
(Figure 3) [19]. Four observational studies were assessed using the Newcastle-Ottawa
Scale. Three studies were rated as moderate methodological quality (6 stars), while one
study was rated as good methodological quality (8 stars). Although these studies generally
demonstrated favorable selection and outcome assessment domains, concerns regarding
confounding, selection bias, and other limitations inherent to observational study designs
remain (Figure 4) [20].
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Study

Study

Risk of bias domains

ON BEOM MO M MOMOMO)

L AN NEOAK BN AN BN BN BN BN
®® 066666 6 6
[ AN MEOAK BN BN BN BN BN BN
| JEOM JNOM JNOMOM MK BN

?@@@O@@@@@@

Domains:

D1:Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data. . Low

D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Figure 2. Risk of bias assessment of randomized controlled trials using the Cochrane Risk of Bias
2 (RoB 2) tool [32-39,41,42]. Risk of bias was evaluated across five domains: bias arising from the
randomization process (D1), bias due to deviations from intended interventions (D2), bias due to
missing outcome data (D3), bias in measurement of the outcome (D4), and bias in selection of the
reported result (D5). Overall risk-of-bias judgments were assigned according to the RoB 2 algorithm.
Abbreviations: RoB 2 = Cochrane Risk of Bias Tool for Randomized Trials.

Risk of Bias Domains

Domains: Judgement
D1: Bias due to confounding. .

D2: Bias due to selection of participants. ‘ Serious
D3: Bias in classification of interventions. @ Moderate
D4: Bias due to deviations from intended interventions. . Low

D5: Bias due to missing data.
D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Figure 3. Risk of bias assessment of non-randomized interventional studies using the Risk of Bias in
Non-randomized Studies of Interventions (ROBINS-I) tool [29-31]. Risk of bias was evaluated across
seven domains: bias due to confounding (D1), bias in selection of participants into the study (D2),
bias in classification of interventions (D3), bias due to deviations from intended interventions (D4),
bias due to missing data (D5), bias in measurement of outcomes (D6), and bias in selection of the
reported result (D7). Overall risk-of-bias judgments were assigned according to ROBINS-I guidance.
Abbreviations: ROBINS-I = Risk of Bias in Non-randomized Studies of Interventions.
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Study S1 S2 S3 sS4 C1 Cc2 01 02 03 | Total(/g)| Quality
Baltazar 2013 | ¥ Y Y - Y - ) ¢ ) ¢ - 6 Moderate
Crow 2009 ) ¢ Y * - - - ) ¢ ) ¢ ) ¢ 6  |Moderate
Fleming 2015 | ) ¢ * - - - * * * 6  |Moderate
Park JS2018 ). ¢ * * * - * * %* 8 Good
Figure 4. Methodological quality assessment of observational and retrospective cohort studies
using the Newcastle-Ottawa Scale (NOS) [26-28,40]. Methodological quality was assessed using the
Newcastle-Ottawa Scale across three domains: selection of study groups, comparability of groups,
and ascertainment of outcomes. Studies were awarded stars for meeting predefined quality criteria,
with higher scores indicating lower risk of bias and greater methodological rigor. Abbreviations:
NOS = Newcastle-Ottawa Scale.
3.4. Study Outcomes
3.4.1. Time to First Flatus
Seven studies evaluated the impact of OMT (1 = 3) and abdominal massage (1 = 4) on time
to first flatus (Figures 5 and 6). Overall, findings were mixed across both intervention types.
omMT Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Baltazar 2013 310 06000 17 470 04000 38  349%  -160[-1.91,-129] = |
Genewick 2025 230 08000 33 227 07500 55  347%  003[-031,037] |
Probst 2016 150 07000 10 200 09000 10  304%  -050[-121,021] —=t
Total (95% C) 60 103 1000%  -0.70[-168,0.28] -
Prediction interval [-4.87,3.47]
- 2 o 2 a4

Heterogeneity: Tau? = 0.6913; Chi? = 49.14, df = 2 (o < 0.0001); I> = 95.9%
Test for overall effect: Z = —=1.40 (p = 0.1616)

Figure 5. Effect of OMT on time to first flatus. Forest plot demonstrating the effect of OMT compared
with control on time to first flatus using a random-effects model. Negative mean differences favor
OMT. Included studies: [26,29,32]. Green squares represent individual study estimates with corre-
sponding 95% confidence intervals; the black diamond represents the pooled effect estimate with its
95% confidence interval; the solid vertical black line indicates the line of no effect; the vertical dashed
black line indicates the pooled effect estimate; and the red line indicates the prediction interval.
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Figure 6. Effect of abdominal massage on time to first flatus. Forest plot demonstrating the effect
of abdominal massage compared with control on time to first flatus using a random-effects model.
Negative mean differences favor abdominal massage. Included studies: [35,36,42]. Green squares
represent individual study estimates with corresponding 95% confidence intervals; the black diamond
represents the pooled effect estimate with its 95% confidence interval; the solid vertical black line
indicates the line of no effect; the vertical dashed black line indicates the pooled effect estimate; and
the red line indicates the prediction interval.
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Among the studies evaluating OMT, results were inconsistent: Genewick et al. re-
ported no significant difference between OMT and control groups (2.30 vs. 2.27 days,
p = 0.413) [29], whereas Baltazar et al. demonstrated a significantly shorter time to first
flatus in patients receiving OMT compared with controls (3.1 vs. 4.7 days, p = 0.035) [26].
Probst et al. similarly observed a trend toward earlier flatus in the OMT group following
abdominal surgery (1.5 vs. 2.0 days), although this difference did not reach statistical
significance (p = 0.71) [32].

Findings for abdominal massage were similarly variable. Park et al. (2018) reported
a shorter time to first flatus in the abdominal massage group compared with controls
(34.3 vs. 41.3 h), although this finding was significant only on univariate analysis and not after
multivariate adjustment [40]. Yildiz et al. demonstrated a significantly shorter time to first
flatus in the intervention group (31.26 £ 9.48 vs. 46.41 4= 23.38 h, p < 0.001) [42], and Dogan
et al. likewise reported a significant reduction in time to flatus following connective tissue
massage in both total laparoscopic hysterectomy (TLH) and total abdominal hysterectomy
(TAH) (p < 0.001) [35]. In contrast, a randomized controlled trial by Faucheron et al. found
no significant benefit of abdominal massage following colorectal surgery (1065 vs. 1389 min,
p = 0.274) and reported no differences in related postoperative outcomes [36].

3.4.2. Time to First Bowel Movement

Eight studies evaluated the impact of OMT and abdominal massage on the time to
first bowel movement (Figures 7 and 8). Overall, their results generally favored both
interventions, although individual study findings were often not statistically significant.

omMT Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Baltazar 2013 480 23000 17 580 4.9000 38 4.2% -1.00[-2.90, 0.90] 1
Genewick 2025 291 16100 33 356 20200 55 26.0% —0.65[-1.42,012] ——
Wieting 2013 350 09000 17 400 09000 18 42.8% —0.50 [-1.10, 0.10] —-——
Probst 2016 236 08100 10 288 09000 10 27.0% -052[-1.27,0.23] —‘F*
Total (95% CI) 77 121 1000% -0.57[-0.96,-018] R
Prediction interval [-1.20, 0.07] "
T T T 1
-2 -1 o] 1 2

Heterogeneity: Tau® = 0; Chi? = 0.31, df = 3 (p = 0.9586); I> = 0.0%
Test for overall effect: Z = —=2.84 (p = 0.0045)

Figure 7. Effect of OMT on time to first bowel movement. Forest plot demonstrating the effect of OMT
compared with control on time to first bowel movement using a random-effects model. Negative
mean differences favor OMT. Included studies: [26,29,32,34]. Green squares represent individual
study estimates with corresponding 95% confidence intervals; the black diamond represents the
pooled effect estimate with its 95% confidence interval; the solid vertical black line indicates the
line of no effect; the vertical dashed black line indicates the pooled effect estimate; and the red line
indicates the prediction interval.

Abdominal Massage Control Mean Difference Mean Difference
Study Mean sSD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Faucheron 2024 229 11800 19 233 20130 17 14.2% -0.04 [-1.13,1.06] ——i—
Ataman Yildiz 2024 257 08050 65 415 11940 65 276% -1.58[-1.93, -1.23] —=—
Dogan (TLH) 2022 058 01310 16 115 05390 15 287%  —-0.57[-0.85,-0.29] =
Dogan (TAH) 2022 067 02560 14 169 03350 15 29.5% =102 [-1.24, -0.81] -.-
Total (95% Cl) 14 n2 1000%  -0.91[-147 -0.35] ‘
Prediction interval [-2.78,0.97]

-2 —1 0 1 2

Heterogeneity: Tau? = 0.2646; Chi? = 22.41, df = 3 (p < 0.0001); I* = 86.6%
Test for overall effect: Z = =3.17 (p = 0.0015)

Figure 8. Effect of abdominal massage on time to first bowel movement. Forest plot demonstrating the
effect of abdominal massage compared with control on time to first bowel movement using a random-
effects model. Negative mean differences favor abdominal massage. Included studies: [35,36,42]. Green
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squares represent individual study estimates with corresponding 95% confidence intervals; the black
diamond represents the pooled effect estimate with its 95% confidence interval; the solid vertical
black line indicates the line of no effect; the vertical dashed black line indicates the pooled effect
estimate; and the red line indicates the prediction interval.

Among studies evaluating OMT, all demonstrated a consistent trend toward earlier time
to first bowel movement. Baltazar et al. reported a shorter time in the OMT group compared
with controls (4.8 vs. 5.8 days, p = 0.43) [26], and Genewick et al. similarly found no significant
difference between groups (2.91 vs. 3.56 days, p = 0.769) [29]. In postoperative coronary
artery bypass graft patients, Wieting et al. observed a shorter time to first bowel movement
in patients receiving OMT compared with placebo and standard care groups (3.5 vs. 4.0 vs.
4.0 days, p = 0.19) [34]. Probst et al. likewise reported a reduction following abdominal surgery
(55.2 vs. 62.8 h, p = 0.43), although this did not reach statistical significance [32].

Findings for abdominal massage were also generally favorable. Yildiz et al. reported
a significant decrease in time to first defecation in the intervention group compared with
controls (61.6 vs. 99.5 h, p < 0.05) [42], and Dogan et al. similarly found significant
reductions following connective tissue massage in both total TLH and TAH patient groups
(p < 0.001) [35]. In contrast, Faucheron et al. found no significant difference between groups
(p =0.582) [36].

The substantial heterogeneity observed in the pooled analysis may reflect differences
in the specific manual techniques employed, including connective tissue massage versus
traditional abdominal massage, as well as variation in surgical populations, treatment
protocols, and outcome measurement. Additionally, the relatively small number of studies
available for quantitative synthesis limits the ability to perform informative subgroup or
sensitivity analyses to further explore these sources of heterogeneity.

3.4.3. Length of Hospital Stay

Eight studies in this review evaluated the impact of OMT (n = 8) on the length of
hospital stay; however, only six provided sufficient quantitative data for inclusion in the
meta-analysis (Figure 9). The studies by Crow et al. and Lo Piccolo et al. were included in
the qualitative synthesis but were excluded from quantitative pooling because the necessary
summary statistics were not reported in a format suitable for meta-analysis.

oMT Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Baltazar 2013 610 17000 17 11.50 10000 38 23.9% -5.40 [-6.27, —4.53] I
Genewick 2025 610 14000 17 670 3.0000 18 21.9% -0.60 [-2.14, 0.94]
Wieting 2013 615 35700 33 800 5.0300 55 20.9% -1.85 [-3.65, —0.05]
Fleming 2015 11.00 6.8000 23 1040 55000 15 13.0% 0.60 [-3.33,4.53]
Probst 2016 13.80 77600 10 2740 219800 10 1.9% -13.60 [-28.05, 0.85]
Racca 2017 1910 4.8000 40 2170 63000 40 18.4% -2.60 [-5.05, -015]
Total (95% CI) 140 176  100.0% -2.46[-4.52,-0.41]
Prediction interval [-8.49, 3.56] —
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Figure 9. Effect of OMT on length of hospital stay. Forest plot demonstrating the effect of OMT
compared with control on length of hospital stay using a random-effects model. Negative mean
differences favor OMT. Included studies: [26,28,29,32-34]. Green squares represent individual study
estimates with corresponding 95% confidence intervals; the black diamond represents the pooled
effect estimate with its 95% confidence interval; the solid vertical black line indicates the line of no
effect; the vertical dashed black line indicates the pooled effect estimate; and the red line indicates the
prediction interval.
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Because sufficient randomized data were available for this outcome, a sensitivity anal-
ysis restricted to randomized controlled trials was also performed to assess the robustness
of the pooled estimate (Figure 10). Since an insufficient number of studies evaluating
abdominal massage reported length of stay to permit quantitative synthesis, a forest plot
was not generated for this outcome.

Experimental Control Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Racca 2017 19.00 4.8000 40 21.70 6.3000 40 40.3% -2.70 [-515, -0.25] _.._
Wieting 2013 610 14000 17 6.70 3.0000 18 57.4% -0.60[-2.14,0.94] —Jf
Probst 2016 1380 77590 10 2740 219830 10 2.3% —13.60 [-28.05, 0.85] :
Toal (95% CI) 67 68 100.0% -1.75 [-3.97,0.48] ‘I
Prediction interval [-9.10, 5.61] . . . .
—-20 -10 0] 10 20

Heterogeneity: Tau® = 1.6333; Chi* = 4.83, df = 2 (b = 0.0894); I = 58.6%
Test for overall effect: Z = —1.54 (p = 0.1243)

Figure 10. Sensitivity analysis of OMT on length of hospital stay restricted to randomized controlled
trials. Forest plot demonstrating the effect of OMT compared with control on length of hospital stay
using only randomized controlled trials and a random-effects model. Negative mean differences
favor OMT. Included studies: [32-34]. Green squares represent individual study estimates with
corresponding 95% confidence intervals; the black diamond represents the pooled effect estimate
with its 95% confidence interval; the solid vertical black line indicates the line of no effect; the vertical
dashed black line indicates the pooled effect estimate; and the red line indicates the prediction interval.

Several studies suggested that OMT may reduce the length of hospital stay. Baltazar
et al. demonstrated a significantly shorter hospitalization in the OMT group compared
with controls (6.1 vs. 11.5 days, p = 0.006), suggesting improved postoperative recovery [26].
Similarly, Crow et al. reported a significantly shorter length of stay among patients receiving
OMT, with a mean reduction of 2.7 days (11.8 vs. 14.6 days, p = 0.029) [27]. A subgroup
analysis by Genewick et al. also identified a statistically significant reduction in length of
stay of approximately one day in patients undergoing open surgery (p = 0.011) [29]. Other
studies demonstrated non-significant trends favoring OMT. Wieting et al. observed shorter
hospital stays in CABG patients receiving OMT compared with placebo and standard care
(6.1 vs. 6.3 vs. 6.7 days, p = 0.72) [34]. Probst et al. likewise reported a shorter mean length
of stay in abdominal surgery patients treated with OMT (11.3 vs. 17.4 days, p = 0.29) [32].
Racca et al. similarly reported a significantly shorter hospitalization in patients receiving
OMT compared with controls (19.1 vs. 21.7 days, p < 0.05) [33], while Lo Piccolo et al. found
a reduction following appendectomy (4.6 vs. 7.0 days, p = 0.19) [31]. In contrast, Fleming
et al. observed no benefit, reporting a slightly longer hospital stay in post-thoracotomy
patients receiving OMT compared with controls (11.0 vs. 10.4 days, p = 0.90) [28].

4. Discussion

4.1. Osteopathic Manipulative Treatment
4.1.1. Time to First Flatus

Overall, the pooled analysis of the time to first flatus did not demonstrate a statistically
significant association with osteopathic manipulative treatment, but rather showed a trend
toward earlier flatus that did not reach statistical significance (MD: —0.70 days, 95% CI
[—1.68, 0.28]). Severe heterogeneity was observed across studies (I> = 96%), limiting our
interpretation. Individual study findings were mixed, ranging from a significant reduction
in one study to no difference in another. The lack of statistical significance may reflect
variability in study populations and surgical types, as well as differences in how flatus is
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reported, which may be less reliable and more patient-dependent compared with other
gastrointestinal endpoints.

4.1.2. Time to First Bowel Movement

In contrast, the pooled analysis of the time to first bowel movement demonstrated
a statistically significant association with the use of OMT, showing a reduction in
time to first bowel movement that reached statistical significance (MD: —0.57 days,
95% CI [-0.96, —0.18], p < 0.005), with no significant heterogeneity observed across stud-
ies. Notably, none of the individual studies reached statistical significance independently,
despite all demonstrating a consistent trend toward earlier bowel movement in the OMT
group. Notably, the prediction interval [—1.20, 0.07] marginally crosses zero despite the
negligible heterogeneity (12 = 0%), reflecting the wide t-multiplier associated with a predic-
tion interval based on only four studies (2 degrees of freedom) rather than between-study
inconsistency. Although the observed reduction in time to first bowel movement was
relatively modest in magnitude (0.57 days), the return of bowel function is a clinically
relevant postoperative milestone and may reflect earlier recovery of gastrointestinal motil-
ity. Whether this difference translates into meaningful patient-centered benefits, such as
improved comfort, reduced postoperative complications, earlier discharge readiness, or
lower healthcare utilization, remains uncertain, as these outcomes were not consistently
reported among the included studies.

4.1.3. Length of Hospital Stay

The pooled analysis of the effects of OMT on length of hospital stay showed a re-
duction in length of stay that reached statistical significance (MD: —2.46 days, 95% CI
[—4.52, —0.41]), although substantial heterogeneity was observed across studies (1% = 88%).
Individual study results were variable, with some demonstrating significant reductions
and others showing no difference or opposing trends. The prediction interval crosses
zero, reflecting the substantial between-study heterogeneity; although the pooled effect
is statistically significant, this heterogeneity must temper any conclusion, as the effect in
a new setting could plausibly include no benefit. Despite this variability, most studies
favored OMT, though one showed a small effect in the opposite direction.

A sensitivity analysis restricted to randomized controlled trials demonstrated a similar
direction of effect favoring OMT (MD: —1.75 days, 95% CI [—3.97, 0.48]), though statistical
significance was not maintained and the confidence interval crossed zero. Although the
overall pooled analysis demonstrated a significant reduction in hospital length of stay
associated with OMT, this finding was not maintained in the sensitivity analysis restricted
to randomized controlled trials. This suggests that the observed benefit may be influenced,
at least in part, by non-randomized studies and should therefore be interpreted cautiously.
Heterogeneity was reduced compared to primary analysis (I> = 58.6%), suggesting that
differences in study design may contribute to variability in reported treatment effects. The
observed reduction in length of stay may reflect broader aspects of postoperative recovery
beyond gastrointestinal function alone. However, hospital length of stay is a multifactorial
outcome influenced by numerous factors beyond gastrointestinal recovery, including surgi-
cal complexity, postoperative complications, baseline illness severity, institutional discharge
criteria, Enhanced Recovery After Surgery (ERAS) protocols, and variations in hospital
practice patterns. Consequently, while manual medicine may contribute to postoperative
recovery, the observed reduction in length of stay likely reflects the influence of multiple
clinical and institutional factors and should not be attributed solely to improvements in
bowel function.
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4.1.4. Other Gastrointestinal Qutcomes

Only one study directly reported postoperative ileus incidence: Herrmann described
a markedly lower incidence of postoperative ileus among patients treated with OMT
compared with controls (0.3% vs. 7.6%) [30]. However, these findings should be interpreted
cautiously, as Herrmann was judged to have a serious risk of bias, indicating that this
study should not be considered a primary contributor to the overall conclusions of this
review. Other studies reported time to toleration of different types of diet. Baltazar et al.
found a positive, but not significant, association with OMT shortening time to a clear liquid
diet when compared to a control group (4.6 vs. 5.6 days, p = 0.59) [26]. In contrast, Probst
et al. found no difference in median time to toleration of solid food between OMT and
control groups (2 vs. 2 days, p = 0.32) [32]. Overall, the evidence for these additional
gastrointestinal outcomes is limited and variable, precluding definitive conclusions.

4.2. Abdominal Massage
4.2.1. Time to First Flatus

Evaluation of the pooled analysis of time to first flatus did not confirm a statistically
significant association between abdominal massage and time to first flatus. The analy-
sis showed a trend toward earlier flatus that did not reach statistical significance (MD:
—0.30 days, 95% CI [-0.68, 0.07], p = 0.11). Substantial heterogeneity was seen across
studies (I> = 80.6%), limiting our interpretation. Faucheron et al.’s study was the only one
to report a non-significant finding for abdominal massage and time to first flatus, and was
notably the only study conducted exclusively with colorectal surgery patients. The asym-
metry between the significant decrease in time to first bowel movement and non-significant
decrease in time to first flatus may reflect differences in endpoint measurements, with time
to first bowel movement being a more objectifiable clinical event than time to first flatus.

4.2.2. Time to First Bowel Movement

In contrast, the pooled analysis of these four study arms showed a statistically sig-
nificant decrease in time to first bowel movement (MD: —0.91, CI 95% [—1.47, —0.35],
p = 0.0015). Notably, there was a large amount of heterogeneity between these studies
(I? = 86.6%), attributed mostly to differences in techniques and operations. While Yildiz
et al. and Faucheron et al. used massage techniques focused in the abdomen, Dogan et al.
used connective tissue massage on the posterior thorax and lumbosacral regions of the
patient [35,36,42]. The type of surgery also varied between studies: Yildiz et al. analyzed
cardiac surgery patients, Dogan et al. looked at hysterectomy patients, and Faucheron et al.
included colorectal surgery patients [35,42]. These two variables, treatment location and
surgery performed, add a significant heterogeneity that limits the generalizability of the
pooled estimate. Faucheron et al.’s study was the only one with no statistical significance,
at —0.04 [—1.13, 1.06], and was also the only study looking at surgery directly on the GI
system. This non-significance could be explained by the bowel’s decreased responsiveness
to abdominal massage and lower threshold to ileus [36]. The prediction interval extends
past zero, largely reflecting the high heterogeneity, which limits any firm conclusion about
the effect of abdominal massage on time to first bowel movement.

4.2.3. Other Gastrointestinal Outcomes

Bowel sounds were reported in several studies evaluating abdominal massage. Ku-
cukaydinoglu et al. found no significant difference in bowel sound scores between patients
receiving abdominal massage and controls (p > 0.05) [39]. In contrast, Yildiz et al. reported
a faster return of bowel sounds in the abdominal massage group, with 70.8% recovering
by postoperative day one compared with 46.4% of controls, and fewer delays observed
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between postoperative days 3 and 5 [42]. Similarly, Iskender and Caliskan demonstrated
greater improvement in bowel sounds over five postoperative days in the abdominal
massage group compared with controls (—4.07 vs. —3.03, p = 0.02), and Kanat et al. re-
ported a significantly shorter time to return of bowel sounds following abdominal massage
(16.13 vs. 28.59 h, p < 0.001) [38]. Despite being commonly reported, bowel sounds were not
included in quantitative synthesis due to the heterogeneity in measurement and reporting,
as well as concerns regarding their validity as a surrogate for meaningful gastrointestinal
recovery. Although historically used to assess the return of gastrointestinal function fol-
lowing surgery, bowel sounds have been shown to correlate poorly with clinically relevant
endpoints such as time to first flatus and bowel movement [43-45].

Additional gastrointestinal outcomes were variably reported. Park et al. (2023) found
that fewer constipation remedies were required in patients receiving abdominal massage
compared with controls (9 vs. 15, p = 0.049), although no significant differences were
observed in postoperative ileus or length of hospital stay [41]. Iskender and Caliskan
also reported earlier first postoperative day defecation in the abdominal massage group
compared with controls, though the effect was less pronounced than in the acupressure
group [37]. However, the study by Iskender and Caliskan was not included in pooled
analyses because time to first defecation was reported as the distribution of patients across
postoperative days rather than as summary statistics suitable for meta-analysis. Overall,
these additional outcomes demonstrated substantial heterogeneity in both measurement
and clinical relevance, limiting their utility for quantitative synthesis and interpretation of
consistent associations.

4.3. Summary

Across included studies, manual medicine interventions were associated with im-
provements in postoperative bowel recovery, most consistently with time to first bowel
movement. However, these findings should be interpreted cautiously, as several included
studies, particularly non-randomized investigations, were at a moderate to serious risk
of bias, and residual confounding and selection bias may have influenced the observed
treatment effects. Consequently, the reported associations should not be interpreted as
definitive evidence of a causal relationship. Both OMT and abdominal massage showed as-
sociations with earlier return of bowel function. Notably, the OMT pooled analysis showed
statistical significance for time to first bowel movement, with no detectable heterogeneity
(I? = 0%). Although OMT was found to statistically significantly decrease length of stay by
2.46 days, the high heterogeneity and prediction interval that includes no benefit warrant
cautious interpretation. Time to first flatus did not reach significance for either modality,
an outcome likely influenced by its substantial heterogeneity and the variability inherent
in measuring flatus. Taken together, these findings suggest that manual medicine may
have a role as an adjunctive approach in postoperative care, particularly for facilitating
bowel recovery, although the available evidence is limited by heterogeneity and the small
number of studies available for several outcomes. The identification of ongoing clinical
trials evaluating abdominal massage in postoperative patients further suggests sustained
research interest and may help clarify the role of these interventions across additional
clinical outcomes [22-24].

4.4. Limitations

Several limitations were identified within the included studies, affecting the strength of
the findings. Several studies had small sample sizes: for example, Baltazar et al. had a total
population of 55 patients, and only 17 patients received OMT during the study [26]. There
was a significant heterogeneity in study design, patient populations, and interventions
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between the included studies. Protocols for OMT and abdominal massage varied consider-
ably between studies and were often poorly described. Furthermore, reported outcome
measures were heterogeneous, with many studies using different endpoints ranging from
time to first flatus to length of hospital stay. Additionally, outcome definitions and measure-
ment methods were not standardized across studies, which may affect comparability. Risk
of bias was an important consideration in the included studies. For instance, Herrmann
was found to have a serious risk of bias, as determined using ROBINS-I [20,30]. This study
was not included in our quantitative synthesis, as it did not report outcomes aligned with
those selected for meta-analysis; instead, its findings were synthesized narratively. While
its exclusion from the pooled analysis limited its influence on our quantitative estimates,
the consideration of study-level bias remains important when interpreting overall evidence.
Additionally, variations in massage technique and location between studies add hetero-
geneity. For example, Dogan et al. used a massage technique focused on the back and
flank of the patient, whereas other studies treated only the abdomen [35]. Manual therapy
interventions are inherently difficult to blind, which increases the risk of performance
bias. Small sample sizes and limited efforts at allocation concealment in several of the
included studies further constrain interpretation of the reported effects. These factors
reduce confidence in the study findings and limit the strength of conclusions regarding
clinical significance.

This systematic review also has limitations. Although multiple major databases, trial
registries, and citation searches were utilized to maximize study identification, the litera-
ture search did not include Embase, Scopus, Web of Science, or CINAHL. The omission
of these sources may have resulted in missed relevant studies and could have affected
the comprehensiveness of the evidence base. Inter-reviewer agreement statistics were not
prospectively recorded during study screening, so formal measures of screening reliability
such as Cohen’s kappa could not be calculated. The inclusion of multiple types of manual
medicine may limit generalizability, and variability in massage form, OMT techniques, and
intervention duration contributed to both clinical and methodological heterogeneity. An
additional limitation is the clinical heterogeneity of the included populations. The analyzed
studies encompassed a variety of surgical procedures, including cardiac, abdominal, col-
orectal, gynecologic, and thoracic operations. Although all studies evaluated postoperative
bowel dysfunction or recovery-related outcomes following surgery, differences in surgical
approach, baseline patient characteristics, and expected gastrointestinal recovery time
between studies may have influenced treatment effects. Consequently, the pooled estimates
should be interpreted with caution, as the magnitude of the benefit associated with manual
therapies may vary across surgical populations. While the inclusion of diverse surgical
cohorts improves the potential generalizability across surgical operative settings, it reduces
the precision of effect estimates within individual surgical specialties. As the quantitative
synthesis included non-randomized studies, the pooled estimates reflect associations and
should not be interpreted as evidence of a causal effect. The small number of studies
included in each quantitative analysis limits statistical power and increases the influence
of individual studies on pooled estimates. A limitation of this analysis is the exclusion of
Crow et al., the only study reporting adjusted outcome measures, from pooled analysis,
although statistical significance was maintained despite its exclusion [27]. Furthermore, the
need to estimate mean and standard deviation for Probst et al. may introduce additional
variability and contribute to heterogeneity, as reflected by the large calculated standard
deviation in the control group (21.98 days) [32]. Additionally, although several included
studies reported no intervention-related adverse events, adverse event reporting was not
consistently or systematically assessed across all studies. Consequently, the present review
was not designed to formally evaluate the safety profile of manual medicine interventions.
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This review was conducted in accordance with PRISMA reporting guidelines but was
not prospectively registered, which may limit its methodological transparency. Despite
the identification of numerous relevant records, some potentially informative studies,
such as that of Leblanc-Louvry, were excluded because abdominal massage was delivered
mechanically rather than manually [25]. Similarly, studies utilizing acupuncture as the sole
intervention were excluded, as they fell outside of the predefined eligibility criteria for
manual therapy in this review. Additional limitations include the inability to formally assess
publication bias, as most pooled analyses included fewer than ten studies, a threshold
below which funnel plots and statistical tests for asymmetry are generally considered
unreliable and potentially misleading. Risk of bias assessments were conducted at the
study level rather than for individual outcomes. Because outcome measurement, missing
data, and reporting practices may vary across outcomes within the same study, the risk
of bias associated with specific endpoints, such as time to first flatus, time to first bowel
movement, and length of hospital stay, may not be fully captured by the overall study-level
assessments. Additionally, because no single primary outcome was prespecified, the review
evaluated multiple indicators of postoperative gastrointestinal recovery. As a result, the
findings should be interpreted as exploratory, particularly for outcomes supported by
a limited number of studies.

Consequently, the overall certainty of evidence supporting these findings remains
limited, and the reported associations should be interpreted cautiously.

5. Conclusions

While the available evidence suggests that manual medicine interventions may aid
postoperative bowel recovery, the strength of this association varied across outcomes. The
strongest association was observed between the use of OMT and a reduction in time to first
bowel movement, which reaches statistical significance with no detectable heterogeneity
(I? = 0%). Abdominal massage was also significantly associated with a reduced time to first
bowel movement, although this conclusion was limited by high heterogeneity and a pre-
diction interval that includes no benefit. OMT was associated with a statistically significant
reduction in hospital length of stay, though this correlation was also limited by hetero-
geneity. Time to first flatus did not reach statistical significance with either modality and
was characterized by severe heterogeneity across the included studies, possibly reflecting
variability across surgical populations and less reliable endpoints, such as patient-reported
time to first flatus.

The patterns of statistically significant associations differed across outcomes, with
OMT demonstrating associations with both reduced time to first bowel movement and
reduced hospital length of stay, whereas abdominal massage reached a significant associa-
tion with time to first bowel movement alone. Although these findings may reflect genuine
variations between osteopathic manipulative treatment and abdominal massage, they may
also arise from the limited number of trials, differences in the outcomes measured, and
heterogeneity throughout.

These findings are tempered by important limitations: few studies per outcome,
substantial heterogeneity in surgical populations and treatment techniques, and variability
in outcome definitions. Further trials with larger patient populations are warranted to
better define the magnitude and consistency of these associations.
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Abbreviation  Full Term

CABG Coronary Artery Bypass Graft

CI Confidence Interval

ERAS Enhanced Recovery After Surgery

GI Gastrointestinal

GRADE Grading of Recommendations Assessment, Development, and Evaluation
ICU Intensive Care Unit

2 I-Squared (Measure of Heterogeneity)

MD Mean Difference

MeSH Medical Subject Headings

NMA Network Meta-Analysis

NOS Newcastle-Ottawa Scale

OMT Osteopathic Manipulative Treatment
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QI Quality Improvement

RCT Randomized Controlled Trial

RoB 2 Risk of Bias Tool 2

ROBINS-I Risk of Bias in Non-randomized Studies of Interventions

TAH Total Abdominal Hysterectomy

TLH Total Laparoscopic Hysterectomy

Appendix A

The MEDLINE/PubMed search combined text words and Medical Subject Headings
(MeSH) as follows:

(“Postoperative Ileus”[Mesh] OR “postoperative ileus”[Title/ Abstract] OR “paralytic
ileus”[Title/ Abstract] OR “postoperative bowel dysfunction”[Title/ Abstract] OR “postop-
erative gastrointestinal dysfunction”[Title/ Abstract] OR “delayed gastrointestinal recov-
ery”[Title/ Abstract] OR “postoperative constipation”[Title/Abstract] OR “bowel motil-
ity”[Title/ Abstract] OR “gastrointestinal transit”[Title/ Abstract] OR “gut motility”[Title/
Abstract]) AND (“Massage”[Mesh] OR “Manipulation, Osteopathic”’[Mesh] OR “Manipula-
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tion, Spinal”[Mesh] OR “Musculoskeletal Manipulations”[Mesh] OR massage|[Title/ Abstract]
OR “abdominal massage”[Title/ Abstract] OR “massage therapy”[Title/ Abstract] OR osteo-
pathic[Title/ Abstract] OR “osteopathic manipulative treatment”[Title/ Abstract] OR “os-
teopathic manipulation”[Title/ Abstract] OR chiropractic[Title/ Abstract] OR “spinal ma-
nipulation”[Title/ Abstract] OR “manual therapy”[Title/ Abstract] OR “visceral manipu-
lation”[Title/ Abstract] OR “myofascial release”[Title/ Abstract] OR “soft tissue mobiliza-
tion”[Title/ Abstract]) AND (postoperative[Title/ Abstract] OR postsurgical[Title/ Abstract]
OR surgery[Title/ Abstract] OR surgical[Title/ Abstract]).

The Google Scholar search used the query (“postoperative ileus” OR “paralytic ileus”
OR “postoperative bowel dysfunction” OR “postoperative gastrointestinal dysfunction”
OR “postoperative constipation” OR “delayed gastrointestinal recovery”) AND (“abdom-
inal massage” OR “massage therapy” OR massage OR “osteopathic manipulation” OR
“osteopathic manipulative treatment” OR “osteopathic manipulative medicine” OR chiro-
practic OR “spinal manipulation” OR “manual therapy” OR “visceral manipulation” OR
“myofascial release” OR “soft tissue mobilization”).

The Semantic Scholar search used (“postoperative ileus” OR “postoperative bowel
dysfunction” OR “postoperative constipation”)

AND

(“manual therapy” OR massage OR osteopathic OR chiropractic OR “visceral manipulation”)”.

The Cochrane Library search used (“postoperative ileus” OR “paralytic ileus” OR
“postoperative bowel dysfunction” OR “postoperative gastrointestinal dysfunction” OR
“postoperative constipation” OR “delayed gastrointestinal recovery”)

AND

(massage OR “abdominal massage” OR “massage therapy” OR osteopathic OR “os-
teopathic manipulative treatment” OR chiropractic OR “spinal manipulation” OR “manual
therapy” OR “visceral manipulation” OR “myofascial release”).

The search of ClinicalTrials.gov used “postoperative ileus OR postoperative bowel
dysfunction OR paralytic ileus OR postoperative constipation” as the condition/disease and
“massage OR “abdominal massage” OR “massage therapy” OR osteopathic OR “osteopathic

7

manipulative treatment” OR chiropractic OR “spinal manipulation” OR “manual therapy”

12

OR “visceral manipulation” OR “myofascial release”” in the other terms selection.

Table Al. Summary of findings and GRADE certainty assessment.

. .. . o Certainty of .

Outcome Studies () Participants (1) Effect Estimate (95% CI) Evidence (GRADE) Reasons for Downgrading
Downgraded one level for risk of bias

OMT—Time to first 198 MD —0.57 days (—0.9 to —0.18)  Moderate due to some concerns across included

bowel movement randomized and non-randomized
studies.

Abdominal Downgraded one level for risk of bias

massage—Time to first 226 MD —0.91days (—1.47to —0.35)  Low and one level for substantial

bowel movement inconsistency (I? = 86.6%).
Downgraded for risk of bias, very

.o . 2 _ 0% 9o

OMT—Time to first flatus 163 MD —0.70 days (~1.68t00.28)  Very Low serious inconsistency (I = 95.9%), and
imprecision due to wide confidence
intervals crossing the null effect.

Abdominal i%ﬁﬁfﬁiifgiﬁiﬁiblﬁ?— 80.6%)

massage—Time to 226 MD —0.30 days (—0.68 to 0.07) Very Low di isiond v f'(; ok

first flatus and imprecision due to confidence
intervals crossing the null effect.
Downgraded for risk of bias and
substantial inconsistency (I? = 88.0%).

OMT—Length of 316 MD —2.46 days (—4.52to —0.41)  Low Sensitivity analysis restricted to

hospital stay

randomized controlled trials did not
maintain statistical significance.

Abbreviations: GRADE = Grading of Recommendations Assessment, Development, and Evaluation;
OMT = osteopathic manipulative treatment; MD = mean difference; CI = confidence interval.
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