
of the variation between studies is due to heterogeneity rather
than to chance.[25] Values over 75% suggested considerable
heterogeneity, but its significance also depended upon the
magnitude and direction of the effect and the strength of
the evidence. Reasons for heterogeneities may be multiple
including methodological, statistical or clinical heterogeneity.
To identify possible publication bias, funnel plots were used.[25]

2.10. Data synthesis

An intention-to-treat analysis was conducted. Data were reported
as mean, point estimate, percentage, and range. Dispersion was
presented as standard deviation (SD) and 95% confidence
interval (CI). In the case of dichotomous outcome, the relative
risk (RR) was greater than 1 if more patients were successfully
treated by the osteopathy group than by the intervention group.
An estimated pooled weighted average of RRs, using the
Mantel–Haenszel fixed-effect method, with a 95% CI, was
calculated. Due to the possibility that same studies reported
continuous data as median and range, methods in the estimation
of the sample mean and standard deviation were used.[26]

Where meta-analysis was not possible, results were presented
using summary and descriptive statistics.
When feasible, subgroup analyses were focused on: age at birth

(categorizing in less than 31 weeks, between 32 and 34 weeks,
and between 35 and 37 weeks), time to first osteopathic session,
diagnosis-related group and type of treatment. Review Manager
v. 5.2.6 and R statistical software v3.12, packages “meta” were
used for statistical analysis.

3. Results

The review process is shown in the flowchart of the study (Fig. 1):
670 articles and abstracts were identified from the initial searches.
After removal of duplicates, 613 articles were assessed for
eligibility; 600 were excluded, as it was clear from their abstracts
or titles that they did not meet the inclusion criteria. Common
reasons for rejection included the use of techniques and
approaches different from OMT, focus on a different pediatric
population, the use of noninterventional trials and reviews on
general pediatric sample. The remaining 13 were screened for
full-text review, of which 8 were excluded for the reasons showed
in Fig. 1. Five studies met our inclusion criteria and were finally
included in the systematic review.

3.1. Characteristics of the included studies

The included studies had a total population number of 1306
preterm infants born in European public NICUs. Four studies
were conducted in Italy[27–30] and 1 in Austria.[31] The
publication period ranged from 2007 to 2015.
Methodology used across studies revealed high homogeneity in

terms of method of recruitment, recruitment setting, population,
and type of control group.
All studies considered LOS as clinical outcome, 4 trials as primary

outcome,[27–30] whereas 1 considered it as a secondary outcome.[31]

Further studies’ aims were: average daily gut symptoms,[27]

costs,[28–30] daily weight gain,[28–30] meconium evacuation, full
enteral feeding, and weight gain at discharge home.[31]

A fairly homogeneous study design was revealed, 4 were
RCTs[28–31] and 1 a nonrandomized observational study.[27]

Four out of 5 trials were single-center[27–29,31] and 1 multicen-
ter.[30] Newborns population ranged from severe to late
prematurity (Table 1).

3.2. Intervention details

Four out of 5 studies administered a need-based approach,[27–30]

whereas Haiden et al[31] used a pre-determined structured
treatment protocol. Techniques used were indirect[27–30] and
visceral.[31] Specific indirect techniques were: myofascial release,
balanced ligamentous/membranous tension, indirect fluidic,
and v-spread. The duration of treatment protocol was reported
in 4 trials only[27–30] and ranged from 20 to 30 minutes.
Frequency varied from 2 to 3 times per week and the treatment
period was for either the entire hospitalization[27–30] or
1 week.[31] The only study, which reported details on the type
and sequence of intervention, and the treatment plan was Haiden
et al.[31]

In all studies, treatment was performed either by
osteopaths[27–30] or by student in osteopathy,[31] but only 2
studies[28,29] gave data on the number of practitioners enrolled, 4
and 2, respectively.
Control groups used were standard care protocols. In addition

to usual care, 3 studies[28–30] included osteopathic evaluation,
without any treatment, which mimicked the OMT session in
terms of duration, dose, and length. All osteopathic interventions
and control procedures were administered in the hospital.

3.3. Study quality-risk of bias
3.3.1. Allocation. Low risk of sequence generation bias was
scored for all studies, which employed an adequate randomiza-
tionmethod, except for Pizzolorusso et al.[27] as a non-RCT study
design. Due to the nature of the population, allocation
concealment was assessed as low risk of bias.

Figure 1. Flow diagram showing selection of articles.
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3.3.2. Blinding of personnel and outcome assessors. Three
studies reported that NICU staff was blinded to patient
allocations and also unaware of study design and outcomes.
One study had a high risk of bias as osteopathic physicians and
patients were unblinded,[31] whereas another trial did not report
data on blinding of participants and personnel producing an
unclear risk of performing bias.[27]

3.3.3. Selective bias. Study protocols were made available for
all research except for Pizzolorusso et al.[27] Low risk of attrition
and reporting bias were thus reported for 4 studies,[28–31]

whereas unclear for 1 study only.[27]

3.3.4. Other bias. The quality of studies included was further
assessed considering: conflict of interest, funding source, ethical
approval, informed consent, confidentiality, declaration of
interests, access to data, trial registration, data collection, data
management, and data monitoring committee. All studies
included, apart from Pizzolorusso et al,[27] reported sufficient
and appropriate information on source of funding, ethical
statement, and informed consent approval. Trial registration
details were also reported. Regarding data collection, conflict and
declaration of interest, trials included reported adequate
information. None of the research detailed any information
regarding confidentiality, access to data, data management, and
data monitoring committee (Fig. 2).

3.4. Primary outcome: length of hospital stay (LOS)
3.4.1. OMT vs usual care. All 5 studies assessed the LOS (n=
1306, 645 preterm were allocated in the OMT group and 661 to
the control group). Although the heterogeneity was moderate
(I2=61%, P=0.03), meta-analysis of all 5 studies showed that
preterms who received OMT in addition to usual care had a
significant reduction of LOS by 2.71 days (95% CI –3.99, –1.43;
P<0.001, Fig. 3) compared to those who did not undergo any
osteopathic care.

3.5. Secondary outcomes
3.5.1. Cost per infant per hospitalization. Three of the 5
studies included contained data for costs (n=915, 462 preterm
infants treated with OMT and 453 as control). Meta-analysis of
these 3 studies showed that preterm infants had a significant
lower costs compared to those allocated in the control group
(–1545.66€, –1888.03€, –1203.29€, P<0.0001, Table 2),
although results indicated high heterogeneity (I2=90%,
P<0.0001).

3.5.2. Morbidity. All studies reported no adverse events
associated to osteopathic intervention. Arguably, Haiden
et al[31] claimed in their study that the longer time to full enteral
feeding in the OMT group could be interpreted as a possible
adverse effect.

Figure 2. Summary of risk of bias for included studies.

Table 1
Characteristics of studies.

Author, year Study type
Method Sample size Mean GA at birth Mean birthweight

Study Control Study Control Study Control Study Control

Pizzolorusso et al, 2011[27] CCT OMT with black box
techniques

Standard care 162 188 34.2 (3.8) 34.2 (3.4) 2373 (803) 2340 (842)

Cerritelli et al, 2013[28] RCT OMT with black box
techniques

Standard care 47 54 34 (2.3) 34 (2.5) 2088 (498.6) 2234 (730.9)

Pizzolorusso et al, 2014[29] RCT OMT with black box
techniques

Standard care 55 55 33.8 (2.0) 34.3 (1.6) 2144 (556) 2226 (463)

Cerritelli et al, 2015[30] RCT OMT with black box
techniques

Standard care 352 343 34.3 (2.3) 34.4 (2.2) 2274 (748.9) 2325 (713.4)

Haiden et al, 2015[31],
∗

RCT OMT with visceral
techniques

Standard care 20 21 26 (23–31) 28 (24–30) 730 (380 -1400) 765 (503 – 1150)

CCT= controlled clinical trial, OMT= osteopathic manipulative treatment, RCT= randomized controlled trial.
∗
Median (range) for gestational age (GA) and birthweight.
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Cerritelli et al[27,30] were the only 2 studies reporting drop-out
data. In the 2015 study, authors showed that the rate in the
OMT-study groupwas 2.2% (8/360) versus 4.7% (17/360) in the
usual care control group (X2=3.36; RR=0.47; 95% CI
0.21–1.08; Z=1.76, P=0.07), whereas in the 2013 trial, authors
described that 8 preterm infants were lost during the trial
compared to 1 on the control group.

3.5.3. Long-term outcomes. None of the included studies
measured long-term neuro-developmental outcomes at any time-
point and using any neuro-developmental assessments.

3.6. Subgroup analyses

Subgroup analyses were carried out according to gestational age,
considering severe (<32 weeks), moderate (32.0–33.6 weeks),
and late (34.0–36.6 weeks) prematurity (Table 2).[32]

3.6.1. Very preterm infants. Two studies enrolled newborns
born before the 32nd week of gestation (n=118, 58 received
OMT and 60 were allocated to the control group). Meta-analysis
showed that preterm infants who underwent osteopathic care
were discharged earlier compared to controls by a mean of
approximately 9 days (95% CI –13.46, –3.81 days; P<0.001;
see Fig. 3).

3.6.2. Moderate preterm infants.Meta-analysis of the 3 studies
that had comparative characteristics for reporting data on
moderate prematurity (n=311, with 163 treated with OMT and
148 controls) showed that preterm infants allocated to the
osteopathy group were discharged significantly earlier than
preterms in the control group by a mean of 3.08 days (95% CI
–5.16, –0.99 days; P<0.01; see Fig. 3).

3.6.3. Late-preterm infants. Late preterm infants were consid-
ered in 3 studies (n=477, with 233 in the OMT group and 244 in
the control group). Meta-analysis showed that infants receiving
OMT were discharged significantly earlier compared to the
control group by a mean of more than 2 days (95% CI –3.63,
–0.78 days; P<0.01; see Fig. 3).

4. Discussion

The present systematic review aimed at evaluating the effective-
ness of OMT on preterm infants. It included 5 RCTs involving
1306 patients. Analysis of the studies available for this review
suggested that the administration of osteopathic medicine to
infants born prematurely produced a significant reduction of LOS
by almost 3 days on average. This will lead to a reduction of costs
for the local health care system of more than €1500 per preterm
per LOS.

Table 2
Summary of results of meta-analysis.

Outcome
No of studies included in the
meta-analysis (no of patients)

Mean effect of OMT on preterm infants
versus usual care group (95% CI) P

LOS (days) 5 (1306) Decrease in preterm infants treated by OMT by 2.71 (95% CI
–3.99, –1.43)

<0.001

Cost (Euros) 3 (915) Preterm infants costs decreased in the OMT group (–1545.66
€; –1888.03, –1203.29€)

<0.0001

Subgroup analysis: LOS (days) <32 weeks 2 (118) Decrease in preterm infants with severe prematurity treated
with OMT (–8.64 days; 95% CI –13.46, –3.81 days)

<0.001

Subgroup analysis: LOS (days) >32; <35 weeks 3 (311) Shorten in moderate preterm infants allocated to OMT group
(–3.08 days; 95% CI –5.16, –0.99 days)

<0.01

Subgroup analysis: LOS (days) >35; <37 weeks 3 (477) Diminish in late preterm infants treated by OMT (–2.21 days;
95% CI –3.63, –0.78 days)

<0.01

LOS= length of stay, OMT= osteopathic manipulative treatment.

Figure 3. (right) Forest plot showing meta-analysis of osteopathic intervention on LOS. (A) comprehensive analysis including all studies. (B) Sensitivity analysis. (left)
Sensitivity analysis by gestational age (GA). (A) Very preterm infant with GA<32 w; (B) moderate preterm infants with 32> GA< 34 w; (C) late preterm infants with
GA >34 w. LOS = length of stay, GA = gestational age.
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