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Abstract. — OBJECTIVE: The aim of this
study is to assess whether the touch of osteo-
pathic manipulative treatment (OMT) can affect
the endogenous production of oxytocin in full-
term pregnant women and the assessment of
well-being following the treatment.

PATIENTS AND METHODS: In this study have
been enrolled 57 pregnant women at full-term
pregnancy (37"-41st week) for evaluation of the
concentration of salivary oxytocin 2 minutes be-
fore and 2 minutes after a single session of OMT
by an osteopath lasting for 30 minutes. Pre-OMT
and post-OMT saliva samples were collected with
the use of Salivette® salivary swabs. 7 salivary
swabs were excluded from the analysis. 50 sam-
ples were analyzed with an appropriate ELISA kit.

RESULTS: The mean OT salivary concen-
tration pre-OMT was 89.98+16.39, and post-
OMT was 100.60+19.13 tends to increase with
p=0.0000051. In multivariate analysis, two sub-
groups show interesting data in the mean dif-
ference in OT salivary concentration post-OMT:
women with painful contractions (p=0.06) and
women under 35 years (p=0.09).

CONCLUSIONS: The results of this study
demonstrate that the effectiveness of OMT-in-
creasing endogenous oxytocin is statistically sig-
nificant in full-term pregnant women. The sensa-
tion of well-being found in most women indicates
that there has been a predominantly central rather
than peripheral oxytocin release after OMT.
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Introduction

Oxytocin (OT) is a neuropeptide, synthesized
above all by magnocellular neurons of the para-
ventricular and supraoptic hypothalamus nuclei,
and with oxytocinergic fibers reach different ar-
eas of the nervous system that performs its neu-
rogenic effects. Some studies'* have shown that
social, affective touch, and/or massage treatments
reduce anxiety, stress, heart rate, blood pressure,
pain, and other clinical conditions>‘. Therapeutic
shoulders, neck, and back massages can increase
plasma OT concentrations and consequently re-
duce the adrenocorticotropin hormone, which is
responsible for an anxiolytic effect’?®.

Osteopathic manipulative treatment (OMT) is
a manual therapy used to diagnose and treat so-
matic dysfunction, including pregnant women’.
OMT has been studied in obstetric and gyneco-
logical patients, and some studies have shown im-
provements in low back pain and pregnancy out-
comes in terms of pain relief and functional op-
timization when women were given OMT during
the prenatal period without adverse effects'®!.
Other studies'? have suggested that OMT has an
anti-inflammatory effect, as demonstrated by the
reduction of serum level of TNF-a and influenc-
es the hormonal profile, promoting a change in
the concentration of endocannabinoids and se-
rotonin, arginine, vasopressin, cortisol, and OT.

When synthetic oxytocin (SynOT) is adminis-
tered intravenously, only a small portion reaches
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the cerebrospinal fluid (only 0.001%) because the
blood-brain barrier is poorly permeable to SynOT".
For this reason, SynOT with this route of adminis-
tration causes numerous peripheral effects but few
central effects'. On the contrary, the stimulation of
the production of endogenous OT allows it to deter-
mine its central effects (reduction of pain percep-
tion; maternal-infant bonding and social affiliation,
fear, memory, maternal behaviors learning, anxiety,
eating behavior, and pain perception), with less rel-
evance to its peripheral effects. Unfortunately, there
are few studies concerning the effects of SynOT on
the maternal neuro-hormonal system and, conse-
quently, on the mother-child dyad".

To our knowledge, we propose for the first time
a study to evaluate whether OMT can modify
the endogenous production of OT in pregnant
women at term, conferring the neuroendocrine
advantages by increasing endogenous OT without
triggering labor and the assessment of well-being
following the treatment.

Patients and Methods

57 women at term of pregnancy were enrolled
in this study, between February 16", 2022, to

March 7%, 2022, for evaluation of the concentra-
tion of salivary OT before and after OMT. This
study is conducted by the regulatory standards
of Good Clinical Practice and the Declaration of
Helsinki (1996) and was approved by the Internal
Review Board of Campus Bio-Medico of Rome
(Prot. N. 66/2022). This research received no spe-
cific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Inclusion criteria were: full-term pregnancy
(37™-41% week), age > 18 years, single fetus, in the
longitudinal situation and cephalic presentation,
and absence of manifest pathologies.

Exclusion criteria: preterm pregnancy (<37
week), age < 18 years, more than one fetus,
non-cephalic fetus presentation, pathological
pregnancy, active labor.

To avoid bias on contractile activity derived
by preterm birth and for the safety of the patients
in the study, we chose to perform the study on a
population of full-term pregnant women.

Figure 1 reports the flowchart of the research.
The OMT was administered to 57 full-term preg-
nancy patients.

Upon signing informed consent, the women
were subjected to OMT by an osteopath of the
ISO (Istituto Superiore di Osteopatia) in Milan.

Eligibility valuation (n = 120)

Excluded (n = 63):

- Non-compliant to inclusion criteria
- Participation refusal

- Other reasons (e.g., missing/low
approval to manual touch)

Enrolled patient for OMT (n =57)

Excluded (n =7):

- Defective sampling
- Technical reasons of samples taking
- Women in the latent phase of labor

Analysis group (n = 50)

Figure 1. Participant recruitment
flowchart.
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Before proceeding with the treatment, patients
were invited to provide their personal and anam-
nestic data: age, weight, and BMI at term, height,
pathologies, previous surgeries, parity, modalities
of any previous childbirth, assisted reproductive
technologies, and presence of reported painful
contractions. Two minutes before the OMT, the
women were subjected to salivary swabs for sal-
ivary OT assay using a commercial 100-plate
ELISA kit (ab133050) by the same operator inside
the medical room (with a controlled temperature of
23°C). In the same room, OMT consisted of a sin-
gle session with a total duration of 30 minutes that
included: Myofascial-release sub-occipital, Myo-
fascial-release scaleni, Myofascial-release upper
chest tight and trapezoids, Cranial-technique on
the large cerebral scythe, Myofascial technique on
the central tendon, Cathie technique on the psoas,
external shutter Muscle Energy Technique, CO-C1
AT (Articulatory Technique), C3-C5 AT, C7-DI
AT, AT from D5-L3, sacred AT, coxo-femoral
AT. Two minutes after the end of OMT treatment,
in the same room, the women were subjected to
salivary swab for salivary OT assay using a com-
mercial 100-plate ELISA kit (ab133050). We used
Salivette® (STARSTEDT AG & Co. KG, Nim-
brecht, Germany) as salivary swabs for the assess-
ment of salivary oxytocin concentration. After the
second salivary swab, the osteopath administered
an anonymous patient satisfaction questionnaire
structured into 10 questions.

Salivary samples (0.3-0.8 ml) were treated ac-
cording to the manufacturer’s instructions, collect-
ed by an absorbent roller held in the mouth inside
the cheek for 2 minutes without chewing, inserted
and closed in plastic microtubes (1.5 ml) and im-
mediately centrifuged at 1000xg at 4°C for 2 min-
utes. Finally, the samples were stored at -20°C in
the freezer until they were delivered and analyzed
by the analysis laboratory. All data of OT salivary
concentration pre- and post-OMT were collected
in an Excel sheet (software version 16.0).

Statistical Analysis

The resulting p-value was evaluated as an in-
dex of significance to the parameter 0=0.05. The
significance of the data collected was then mea-
sured by regression analysis between A (indepen-
dent variable) and B (dependent variable). The
regression statistic must be interpreted based on a
key prerogative of OT due to its wide variability.
A second analysis with the Student’s #-test was
conducted on the pre- and post-OMT mean OT
salivary concentration variation. In particular, the

null hypothesis to reject is that the pre- and post-
OMT mean OT salivary concentration change is
0. To verify the validity of this hypothesis, the
analysis was carried out with the calculation of
the change in OT salivary concentration of pre-
and post-OMT. Following the significance anal-
ysis of the entire sample, a multivariate analysis
was conducted by grouping patients into different
clusters based on information acquired during the
pre-OMT history.

The statistical analysis was conducted with
the software Stata® (version 16.1). 7 samples
(12.2%) were excluded from the analysis due to
incorrect sampling or because they were related
to the latent phase of labor. The final dataset
consists of 50 pregnant women at the end of
pregnancy. The minimum number of patients
required to reach statistical significance in this
study was calculated based on 95% power to
detect a significant difference in the salivary
OT level after OMT at a 5% significant level
of 34 patients. To protect patient privacy, as
already mentioned, an information sheet and an
informed consent form were used to enroll in the
study and manage sensitive data.

Results

The demographic and clinical features of the
cohort are collected (Table I). The resulting data
from this paper are as follows. The mean OT sali-
vary concentration pre-OMT(A) was 89.98+16.39,
and post-OMT(B) was 100.60£19.13, which
tends to increase. The result of linear regres-
sion with the relationship of dependence between
the two variables is described by the function:
B=25.021+0.84-A. This function is characterized
by a not particularly high R* (0.518) value and
a Standard Error=13.42; nevertheless, to be in-
terpreted considering the inherent characteristic
of OT salivary concentration, namely its high
variability, the t-angular coefficient test shows a
significant p-value=3.87" (»p=0.0000051).

A second analysis using the Student’s #-test
on the data of the mean salivary concentra-
tion and variation pre-and post-OMT obtained
a p-value=5.747 (p=0.0000049). Tt is possible
to reject the null hypothesis and infer that the
mean OT salivary concentration change due to
the OMT is significantly higher than 0. The other
main descriptive statistics pre-OMT(A) and post-
OMT(B) of OT salivary concentration values
were collected (Table II). The result of regres-
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Table I. The demographic and clinical features of the cohort.

Number of patients (n = 50) N, (%)
Age, years (mean + SD) 3471 £5.13 -
Weight, Kg (mean + SD) 73.8£11.6 -
Height, cm (mean + SD) 165cm=+6.4 -
Maternal BMI (mean + SD) 25.67+3.76 -
Gestational age 38.98 + 1.30 -
Parity, n (%) Nulliparous 29 (58)
Multiparous 21 (42)
Maternal ethnicity, n (%) Italian 44 (88)
Foreign 6 (12)
Pathologies n, (%) Yes 15 (30)
No 35(70)
Previous surgeries n, (%) Yes 27 (54)
No 23 (46)
Previous childbirth, n, (%) Vaginal birth 17 (34)
Cesarean Section 4 (8)
Assisted by reproductive technologies n, (%) Yes 5 (10)
No 45 (90)
Allergy Yes 15 (30)
No 35(70)
Presence of contractions referred to as painful Yes 15 (30)
No 35 (70)

sion analysis suggests that in the presence of
OMT between two OT salivary concentration
detections, the second one (in this case B) is, on
average, higher than the first (A). However, this
difference is due to high volatility and decreases
as pre-OMT salivary concentration of OT values
increases. The concentration of OT can widely
vary from individual to individual, thus entailing
the possibility that the significance obtained may
be the result of chance, is instead attenuated by
the presence of a particularly low p-value, and
consequently more indicative.

The distribution of mean post-OMT oxytocin
concentration was increased between 40-50 pg/
mL in 2 patients, 30-40 pg/mL in 3 patients,
20-30 pg/mL in 7 patients, 10-20 pg/mL in 12
patients and 0-10 pg/mL in 14 patients. The mean
post-OMT oxytocin concentration was decreased
between 0-10 pg/mL in 10 patients and 10-20 pg/

mL in 2 patients. Negative variations are general-
ly smaller than positive ones.

In multivariate analysis, two subgroups show
interesting data in the mean difference OT sal-
ivary concentration post-OMT: women with
painful contractions (p-value=0.06) and women
under 35 years (p-value=0.09). The other results
of the multivariate analysis are collected (Table
IIT). The result of an anonymous questionnaire
on patient satisfaction, structured in 10 questions,
reports a high approval rating of OMT performed
by the operator and of the well-being of the treat-
ment administered. 43 women declared a feeling
of well-being, only 4 did not feel anything and 3
declared “other”. In addition, all 49 women said
they would return to the treatment, and 1 was dis-
satisfied (see Figure 2). Following OMT, none of
the full-term pregnant women reported adverse
events and triggers of labor.

Table II. Main descriptive statistics of pre- and post-OMT means OT salivary concentrations and the change in mean OT

salivary concentration following the OMT.

OT salivary concentration (pg/mL) values Pre-OOMT (A) Post-OMT (B) B-A p-value
Mean 89.98 100.60 10.62 <0.000005
Median 84.25 99.13 8.64 -
Standard Deviation 16.39 19.13 13.54 -
Asimettry Index 0.40 0.80 0.52 -
Range 62.11 84.42 60.75 -

Min 59.78 69.98 -15.72 -

Max 121.89 154.40 45.03 -
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Table Ill. Multivariate analysis conducted on the change in mean OT salivary concentration following OMT between different

patient clusters.

B-A p-value
Italian vs. foreign 11.21 vs. 6.31 0.32
Normalweight vs. overweight 10.73 vs. 10.75 0.96
Allergic vs. non 9.89 vs. 10.94 0.80
Nulliparous vs. pluriparous 10.25 vs. 11.14 0.88
371-39% ys. 40™-41¢ 11.43 vs. 8.74 0.55
ART pregnancy vs. spontaneous 14.32 vs. 10.21 0.62
Painful contractions vs. non 19.76 vs. 8.34 0.06
Morning OMT vs. afternoon 9.38 vs. 11.68 0.55
Under 35 vs. over 35 13.84 vs. 741 0.09

Discussion

Several studies®’'®!7 have reported an in-
crease in the concentration of OT in saliva,
blood and urine in response to social, affective
contact in chimpanzees and humans. Still, no
evidence defines a specific role of massage in
pregnant women, in particular, that evaluates
to which extent a massage can affect the pro-
duction of OT.

This is the first study to assess whether
OMT can modify endogenous OT production
in full-term pregnant women, giving them a
feeling of well-being without triggering labor. It
demonstrated the importance and effectiveness
of OMT regarding the production of OT. In this
paper, for the women who reported painful con-
tractions and women aged less than 35 years,
there was a greater increase in the mean OT
salivary concentration post-OMT. In the first
case, it can be assumed that, since the painful
contractions could be a sign of the presence in
the circulation of endogenous OT, the OMT has
contributed to further raising its values. It should
be emphasized that the response to OMT also
depends on the operator who performs it, on his
empathic qualities towards the woman, and on
the operator’s attention in avoiding generating
situations that could undermine the relationship
with patients. There is an interesting correla-
tion between these operator requirements and
the correlation between the average increase in
salivary OT concentration found in the treated
sample and the percentage of patients satisfied at
the end of OMT (confirmed by the satisfaction
questionnaire). The feeling of well-being found
in the majority of patients indicates that there
was a prevalently central rather than periph-
eral release of OT, which indicates that there
has been a predominantly central, rather than

peripheral OT release. Contextual and interin-
dividual factors moderate the effects of OT, as
well as peripheral OT levels'.

The analysis of results reported that the levels
of OT produced by patients are significantly high-
er in those with the lowest starting values, thus
demonstrating the effectiveness of the treatment.
Importantly, the results collected in our study
were obtained using salivary swabs, because hu-
man plasma assays necessitate invasive methods.
OT measures are often limited by these technical
requirements and are confined to clinical set-
tings where blood sampling can be conducted
by personnel trained in phlebotomy methods. In
addition, plasma OT concentrations obtained by
individual blood draws are likely to be contami-
nated by a stress-induced OT increase in response
to the stress of the needle stick. Thus, an indwell-
ing venous catheter and a long habituation period
before sampling are necessary to measure true
resting levels and to maximize changes elicited
solely by experimental manipulation. These diffi-
culties make less invasive measurement of OT in
saliva an attractive alternative, and our choice is
supported by recent studies!®?® that show like OT
values are reliable when measured in saliva by
immunoenzymatic test. A study on the reliabil-
ity of the results of this type of data collection
highlights how salivary and plasma OT levels and
“ranges” are similar, albeit moderately higher in
saliva?'.

However, the study has several limitations, in-
cluding a low number of patients and a single cen-
ter design of the study. Another limiting factor
was the measurement of salivary and non-plasma
oxytocin levels. A final limiting factor was the
absence of a control group and/or randomiza-
tion with other types of osteopathic manipulative
treatment. Nonetheless, this study used a single
operator for the OMT that removes the bias of
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1. Did you feel comfortable during the osteopathic manipulative treatment?

From 1 (I did not feel comfortable at all) to 5 (I felt very comfortable). 2-5‘3’0“1‘1 you undergo the treatment again?
50 5 50
40 40
30 30
20 20
10 5 10
0 0 0 0
0 0
1 2 3 4 5 Yes No
3. What did you feel during the treatment? 4. The operator was professional, and shared information in a clear way.
) 50
50 50
43
40 40
30 30
20 20
10 10
4 3
0 0 . 0 — 0
0 . - . 0
Awkwardness Well-being Pain Nothing Embarassment ~ Other Yes No
feeling
5. The operator showed active listening and empathy. From 1 (Strongly 6. The operator was too hasty and chaotic. From 1 (Strongly disagree) to §
disagree) to 5 (Strongly agree). 5 (Strongly agree).
50 5 50
40 40
30 30
20 20
10 5 10
0 0 0 0 0 0 0
0 0
1 2 3 4 5 1 2 3 4 5
7. The operator treated you with respect and courtesy. From 1 (Strongly 8. The operator was too aloof and apathic with you. From 1 (Strongly
disagree) to 5 (Strongly agree). disagree) to 5 (Strongly agree).
50
50 50 49
40 40
30 30
20 20
10 10
0 0 0 0 1 0 0 0
0 0
1 3 5 1 2 3 4 5
10. The operatore showed good manual skills in performing the techniques.
9. Did you feel satisfied with respect to the undergone treatment? From 1 (Strongly disagree) to 5 (Strongly agree).
50 49 50
42
40 40
30 30
20 20
10 10 8
1 0 0 0
0 0
Yes No 1 2 3 4 5

Figure 2. Mapping of patient satisfaction questionnaire response.
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different operators, the double evaluation of the
swabs analyzed, and performed the average for a
single swab result to have a certain result.

Finally, because there are no studies in the
literature regarding the role of osteopathy on
endogenous incretion of oxytocin in full-term
pregnant women, it cannot be said with certainty
that the results obtained in this study are unique-
ly attributable to the performance of the OMT,
as they could also be ascribed to the empathetic
“touch” of the operator due to the result of the
questionnaires administered which showed great
satisfaction of women regarding this point*2.

The possibility of introducing OMT to reduce
the administration of intravenous SynOT in pa-
tients in the latent phase of labor, or the use in
patients suffering from dystocia of labor, is more
complex and is to be evaluated with subsequent
studies. Current obstetric medical literature is
characterized by studies focusing on dosage (high/
low dose) for administering SynOT for labor aug-
mentation/induction and for preventing and treat-
ing postpartum hemorrhage in human birth?-°.
Furthermore, SynOT does not produce the same
beneficial effects as endogenous oxytocin in the
brain, as it cannot cross the blood-brain barrier?’.

Conclusions

This longitudinal clinical study demonstrates
OMT’s effectiveness for the first time, increasing
endogenous oxytocin statistically significant in full-
term pregnant women. In these women, the increase
in endogenous oxytocin did not result in triggering
labor. Therefore, women could benefit from the
positive effects, and OMT should be considered for
further studies as a possible alternative for increas-
ing the endogenous incretion of OT without the side
effects of binding to SynOT administration.
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