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Context: Heart Rate Variability (HRV) indicates how heart rate chaeg in response to
inner and external stimuli. HRV is linked to health status dnit is an indirect marker of
the autonomic nervous system (ANS) function.

Objective: To investigate the in uence of osteopathic manipulative #gatment (OMT) on
cardiac autonomic modulation in healthy subjects, compard with sham therapy and
control group.

Methods: Sixty-six healthy subjects, both male and female, were ingtied in the present
3-armed randomized placebo controlled within subject cros-over single blinded study.
Participants were asymptomatic adults (26.7 8.4 y, 51% male, BMI 18.5 4.8),
both smokers and non-smokers and not on medications. At enrment subjects were
randomized in three groups: A, B, C. Standardized structuriaevaluation followed by a
patient need-based osteopathic treatment was performed irthe rst session of group A
and in the second session of group B. Standardized evaluatiofollowed by a protocoled
sham treatment was provided in the second session of group Ad in the rst session
of group B. No intervention was performed in the two session®f group C, acting as a
time-control. The trial was registered on clinicaltrialgov identi er: NCT01908920.

Main Outcomes Measures: HRV was calculated from electrocardiography before,
during and after the intervention, for a total amount time o25min and considering
frequency domain as well as linear and non-linear methods asutcome measures.

Results: OMT engendered a statistically signi cant increase of pasympathetic activity,

as shown by High Frequency power§ < 0:001), expressed in normalized and absolute
unit, and possibly decrease of sympathetic activity, as reaaled by Low Frequency power
(p < 0:01); results also showed a reduction of Low Frequency/High féquency ratio

(p < 0:001) and Detrended uctuation scaling exponentjf < 0:05).
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Rufni et al. HRYV parameters variations following OMT

Conclusions:  Findings suggested that OMT can in uence ANS activity incrasing
parasympathetic function and decreasing sympathetic actity, compared to sham
therapy and control group.

Keywords: osteopathic medicine, heart rate variability, hi gh frequency, healthy subjects, smoking, autonomic
nervous system, parasympathetic effect

Introduction for diagnosis and treatment. Osteopaths use a wide variety
of tests to locate the somatic dysfunction (SD) (ICD-101CM
Heart rate, one of the most variable organism's phenomenajagnosis Code M99.09-09). Diagnostic criteria are focused o
corresponds to a number of heart beats per minute. Hearfissue abnormality and tone. Areas of asymmetry, misalignim
rate variability (HRV) is the variation of the consecutive RRqf bony landmarks and the quality of motion are evaluated.
interval period f\a.Vv., 1996; Kara et al., 2003; Freeman et algsteopathic care is based on two phases: structural evaiuatio
2009, whereR is a point corresponding to the QRS complexand treatment. The structural evaluation aims to locate Gésg
peak of the electrocardiogram wave, related to left vemtricly \well-established sequence of structural tests. Thentesat
depolarization. Its variability, depending on metabolicr@r)  currently encompasses more than 20 types of manual techniques
and environmental (external) stimulidaruana-Montaldo et al., and has the scope to treat SDs.
2000; Henley et al., 2008; Routledge et al., R(4@esponsible In osteopathy, Henley's work-enley et al., 2008xamined
of maintaining homeostasis. HRV can be in uenced by severghry changes in healthy subjects receiving osteopathic
factors, such as intrinsic variability of sinoatrial nodeofard manipulative treatment (OMT) compared to control and
etal., 200); neurohormonal hematic uctuationGaletta et al., sham therapy groups after tilt test. Low frequency expressed in
2009, circadian rhythm (uikuri et al., 1990; Bonnemeier et al., normalized unit ¢uLF) signi cantly increased in the control
2003; Cavallari et al., 200and autonomic nervous system and sham groups compared to OMT group when subjects
(ANS) activity. move from horizontal to head-up tilt. After the application of
HRV is considered an indirect proxy of ANS function OMT, ,,,LF increased signi cantly less in the head-up position
(Aa.Wv., 1996; Porta et al., 2001; Malliani and Montano, 200%han in control and sham groups. Contextually high frequency,
Pumprla et al., 2002; Freeman et al., 2006; Kemp et al.),201easured in normalized units,(HF) was signi cantly lower
as parasympathetic and sympathetic activity regulates @ardigh OMT group compared to sham and control. Moreover, OMT
rate and inotropism. These branches respectively lead to goup occurred to have a lower LF/HF ratio in the head-up
reduced or increased e ciency of the cardiovascular pumpgilt phase after intervention compared to sham and control
modifying, therefore, HRV parametersi(bert et al., 2003; groups.
Guyton and Hall, 2006 To quantify the sympathetic and  |n 2013, another osteopathic studyGifes et al., 2093
parasympathetic activities, several HRV indices and methoels investigated the e ect of sub-occipital decompression (a speci
used. The most common are the frequency domain indices—lowranium-sacral technique) on HRYV indices in healthy sutsec
frequency (LF) and high frequency (HF)—and the ratio betwee showing an increase of absolute HF and a decrease of LF/HF
LF/HF. ratio, compared to sham therapy and control groups. However,
Among the external factors able to in uence HRV-valuesseveral limitations could be pointed out leading to lack aficil
smoking has been demonstrated to be particularly strongeneralizability of ndings. Firstly, both research focdsen
(Minami et al., 1999; Pope et al., 200A study conducted in 3 single session without investigating the long term vaoiasi
1999 by Minami et al. investigated the e ect of smoking cesesati of HRV parameters. Secondly, smokers were not included in
on HRV and other cardiovascular indiceslitami et al., 1999 Henley's study, while in Giles' one no information was pradd
Results showed that smoking cessation signi cantly deexas ahout smoking. Finally a single standard, pre-determined
the high frequency (HF) component throughout a 24-h period,technique was administered in both studies not considerisiggl
indicating that in habitual smokers, parasympathetic neouclinical care procedures. The present trial, therefore, dirtoe
system is altered. HRV parameters have been linked, also, jig/estigate the e ect of OMT on ANS using HRV as a primary
health statusKaremaker and Lie, 20@.0 outcome measure.
In addition to traditional medicine, also complementary and
alternative medicines (CAM) have been starting to use HR\\jaterials and Methods
variations to understand how di erent therapeutic approaches,
like homeopathy Iflishra et al., 201)] massagelge et al., 20)1  Primary outcome of this randomized placebo controlled withi
acupuncture [aker et al., 2000; Li et al., 2003; Litscher, 200%ubject cross-over single blinded study was to explore thenéxt
2010; Arai et al., 2011; Anderson et al., 2012; Huang etCtdl2;2 to which OMT changeg HF-value, compared to sham therapy
Litscher etal., 20)2auricular acupunctureGao et al., 20)Zan  and control group. Secondary outcomes were baseline changes
in uence health status. in guLF, LF/HF ratio and Detrended uctuation scaling exponent
Among CAM, osteopathic medicine is a form of drug-free(DFAal), HF absolute power(HF measured in absolute units;
non-invasive manual medicine. It relies on manual contaci.e., m$).
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Population sham evaluation overlapped the osteopathic structural evaluati
Asymptomatic healthy adults, of either gender, were comeidle procedure in terms of tests and time. The sham treatment
eligible for the study. Inclusion criteria applied were: ageconsisted in contacting an established sequence of aneabmi
between 18 and 45 years; absence of chronic pain or acueeas for 2 min each: right ankle, left knee, right hip, diajpima
symptomatology during the last 72h before the session; ndght shoulder, neck, cranium. The operator mentally cowhte
diagnosed pathology. from 120 to O for each area to prevent placebo autonomic
Exclusion criteria were: pregnancy; menopause; menstruaktivation (Meissner, 2011 Sham session lasted 25, 10 min for
ow during the session; alcoholism; alcohol abuse 48 h preor t evaluation and 15 min for treatment.
the session; chronic pain; diagnosis of pathological cooiljti All interventions were performed by four osteopaths with the
chronic drug treatment; use of medications and drugs duting same educational curricula assigned randomly to group A or
last 72 h; use of orthotic devices during the last 3 monthgjiced B. Each osteopath was responsible for the same patient from
history of surgical interventions; last OMT at least 3 monthsenrollment to the end of the study.
before the session. Control group sessions were managed by one operator in
Volunteers from di erent universities were recruited from charge of data collection, no osteopaths were present.
May 01, 2013 to July 31, 2013 through e-mail, phone, direct Osteopaths were blinded to the study design, outcome
contact and lea et/posters. The latter were posted at Accademand HRV data. Two external operators were in charge of
Italiana Osteopatia Tradizionale (AIOT) and at an osteopathi randomization and data collection. Both were blinded to the
clinical center inviting people to call a phone number managedtudy design and outcome, as well as allocation. All datacteit!
by the recruitment supervisor. was examined by an external statistician, who was blinded
Informed consent was read and signed by each volunteer af randomization, allocation and study design. Subjectsewe
the beginning of the rst session. The trial was approved by thdlinded to study design, outcome and the type of intervention
institutional review board of AIOT. The trial was registdren  received.

clinicaltrials.gov identi er: NCT01908920.
Data Analyses

Experimental Protocol Data was collected through a socio-demographic form and
Subjects were divided and randomized into three groups using HRV detector system Flexcomp (http://www.righetto.biz/
“permuted block” randomization method (block size equalBiofeedback/ excomp_in niti.htm). The latter is composed o
to 3), formulated by the statistical software R v.2.153 (a plethysmograph put on the third nger of the left hand,
Developmental Core Team, 20land strati ed by smoking. A two cutaneous conductance detectors on the second andHourt
ternary sequence (0, 1, 2) was used to allocate subjectyrimips  left ngers and two stripes positioned around the thorax and
A-C (Figure 1). the abdomen to control lung ventilation. R—R intervals were
First session could be rescheduled if the subject presemtedextracted from ECG (256 Hz sample rate) using Physiology Suit
least one of the following exclusion criteria: acute paintie t software (www.thoughttechnology.com/physsuite) and intedr
last 72 h, assumption of any medicine or drug in the 72 h beforin Kubios software (http://kubios.uef.) to calculate allRY
the session, menstrual ow during the intervention day,alol  parameters considered in the present trial. RR series of 300
abuse in the last 48 h. Subjects were considered drop-outsie cacardiac beats were analyzed. Only one sequence was analyzed
of nonattendance at the second session. in each condition. If more than 300 RR-values were recorded, a
Subjects allocated to treatment groups A and B received bottequence of 300 beats was selected randomly inside the périod
an OMT and a sham therapy session at di erent time points onanalysis. If less than 300 RR-values were recorded, all thesval
the basis of the cross-over design. At the rst session grAup were analyzed.
received OMT while group B received sham treatment. At the HRV analysis method, based on processing recorded RR
second session group A received sham treatment whilst gBupintervals, was divided into linear analysis (time and freqcy
received OMT. Group C was used as time control thus neithedomain) and nonlinear analysig\(¢bert et al., 2003 From power
treatment nor sham therapy were provided in both two sessionspectra (Fast Fourier transformation using Blackman Harris
(Figure D). window) of equidistant linear interpolated (4 Hz) tachogram
Evaluations and treatments were performed in the same roonfresampled to 2 Hz) the following frequency domain standard
with stable temperature and humidity, to avoid any in uence o HRV indices were considered for linear analysis: absolute H
ANS activity. Moreover, the 2 weekly sessions were schedtiledand ,,HF, from 0.15 to 0.4 Hz, is a signal of parasympathetic
the same hour to control for circadian rhythm. modulation on heart rate £a.\W., 1996; Berntson et al., 1997;
The OMT intervention consisted in a patients need basedaylor et al., 1993 absolute LF angd,LF component, from 0.04
treatment, thus no pre-determined protocol was appliedto 0.15Hz bandy l(ane et al., 2009 LF/HF ratio is showed
Osteopathic session lasted 25min, 10 min for evaluation anth be a reliable marker of ANS balancBagani et al., 1986;
15 min for treatment. Techniques used in the present studyewerMalliani et al., 199). DFAal was considered for nonlinear
left at the discretion of the operator but limited to balanceanalysis. DFAL is a proxy of the parasympathetic function,
ligamentous techniques, balance membranous techniquds ait is considered more sensitiveK¢mp et al., 2010, 20)and
cranio-sacral technique&/iagoun, 197k able to catch the long term correlations and complexity in RR
For this trial, sham therapy mimicked the osteopathic careinterval series feng et al., 1993The DFA method detected
based, therefore, on structural evaluation and treatmdie  long-range correlations between inter-beat intervals sstpd by
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Assessed for eligibility (n=97)

Excluded (n=31)
+ Not meeting inclusion
criteria (n=31)

Randomized (n=66)

Allocation

v v
GROUP A (OMT+sham therapy) GROUP B (sham therapy+OMT) GROUP C (no intervention: control+
Allocated to intervention (n=23) Allocated to intervention (n=22) control)
+ Received allocated intervention (n=19) ¢ Received allocated intervention (n=19) Allocated to intervention (n=21)
+ Did not receive allocated intervention + Did not receive allocated intervention + Received allocated intervention (n= 19)
(drop out) (n=4) (drop put) (n=3) + Did not receive allocated intervention
(drop out) (n=2)

Y v v
OMT + HRV sham therapy + HRV HRV
v
sham therapy + HRV OMT + HRV HRV
v
Analysed (n=19) Analysed (n=19) Analysed (n=19)

FIGURE 1 | Flow-chart of the study.

several beats by investigating the scaling behavior oféhetheat  from the range 4 n 16) and a long-term (a2, long-term
uctuations on di erent time scales. A detailed descriptiori 0 uctuations, obtained from the range 16 n 64) scaling

the DFA algorithm and its underlying theory for the analysisexponent by DFA.

of neuronal oscillations was pertinently presentedHayrdstone At enrollment, subjects completed the socio-demographic
et al. (2012)A fractal structure of heart rate was quanti ed by form. For each session, a paradigm was developed consisting of
estimating a short-term (al, short-term uctuations, obtad 4 conditions: (1) 5 min no hands-on for baseline assessn{ght;
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10 min for either osteopathic or sham evaluation; (3) 15 min fo TABLE 1 | Baseline values of osteopathic manipulative treatme ~ nt (OMT),
the treatment, hands-on subjects; and (4) 5 nal min where ngSham. and Control groups.
hands contact was provided.

OMT Sham Control F padj
HRV records were performed at (1), (3), and (4). Age* 265 88 28 81 256 82 046 063
Subjects were instructed to keep still, eyes closed antbimcsi . 189 88 187 24 180 33 046 063
during the three recording steps. Male® 10 (53) 14(72) 10 (53) P
o ) Previous OMT 5 (26) 8 (42) 8 (42) - 05
Statistical Analysis o . _ Smoking® 7@37) 6(32) 7(37) - 093
Sample size was computed considering a correlation coe cient .. 1391 1850 1138 650 044 1563 002 0.40
among repeated measure of 0.15, an e ect size 0of 0.3, a type-one 4712 2636 5085 174 468 185 034 071
error of 0.05 and a power of 0.80. The nal sampld® 51 (17 L 1138 676 1481 2098 1290 1705 0.89 048
per group) was additionally increased up to 60 to prevent loss 6" ' ’
power nuLP 5434 2637 4899 1741 53.14 1852 061 0.55
A per protocol analysis was performed in the present trial®FA2" 105 033 091 019 096 026 055 058
Stationary was assessed using the RWS testtf et al., FHF 234 26 128 109 187 241 047 063

2009, which checks if mean and variance remain CONStaNK oers in table are:
over M patterns. Giving a series of RR, the rst step was
to use Kolmogorov Smirnov goodness-of-t test to evaluate

the normallty of the distribution < 0:.05)' I non-nqrmal The RWS revealed a stationarity of mean and variance. At
distribution resulted, a log transformation was applied and

lity retested. If dat Sl v distiled enroliment, One-Way ANOVA did not reveal any statistically
hormalty retested. 1 data was still non-normaly Cis ' signi cant imbalance among OMT, sham and control, in terms
then it was nally rejected. The next step was to test nornyalit

: f age, BMI, gender, previous OMT experience, smoking,
along M patterns, which are randomly selected from a set OP g g P P g

I~ HF, auHF, nlF, allF, DFAal, and LF/HF ratio values
sequences of length(Porta et al., 2004 To test the stability of r(1'L|J'ab|e ;‘)“ Amg:g thgugg participants receiving sham and OMT
the mean an ANOVA was performed, otherwise Kruskal—WaIIig p ;

. ! X nterventions, the percentage of subjects able to correntbss
test. To test the stability of the variance, Barlett test wsesuf P 9 J 8

dat Iv distributed otherwise L S tostautl which treatment they received did not di er (session 1: 16% OMT
ata was normally distributed otherwise Levenes tes guthie vs. 21% Shanp D 0:68; session 2: 31% OMT vs. 26% Sham,
median was adopted.

- . . D 0:72).
A descriptive analysis of the population was performed at thg )
baseline using arithmetic means, medians, standard dewimt

and standard errors. Univariate statistical tests used ghase . _— )
test for establishing di erences amond categorical vaesbl MER showed a statistically signi cant di erence between grsu
g 9 9 a6i5) an the primary outcomeg,yHF (p < 0:001) Figure 2B). Tukey

;Zf?eﬁtsaggnder' OMT, and smoking. Results were expressedp'(r)]st-hocr;matlysis revealed that OMT group signi cantly increased

At baseline, One-Way ANOVA was used to analyzéwHF-vaIues compared to shamp (< 0:01) and control group

continuous variables, such as age, BMHKF, auHF, nuLF, auLF, (b df 9:0011' S:Em ;[herapy did ndot show alny 5|gn|[<):ant
LF/HF ratio, and DFAl. Tukeypost-hocanalysis was used to modi cation of nyHF-values compared to control group (
N N 0:44). OMT had a medium e ect size compared to sham therapy

explore any statistical di erence resulted from ANOVA. (d D 0:38) and control groupd D 0:49)

Mixed e ect regression (MER) model considering random ' group e
e ect for osteopath and a xed e ect for period was used to

. ; . Secondary Outcome

determine dependent variables di erences between grdepst- Low F
hoc pairwise analysis adjusted by Holm-Bonferroni correction ow Frequency - .
was used to explore any statistical di erence resulted from MERuEF analysis showeql a statistically relevant .d' erence between
Sensitivity analyses were performed according to smokird arproups b < Q‘Ol) (Figure 2D). Tukey analysis demonstrated
session. that OMT signi cantly decreasegLLF-values_cqmpared to sham

E ect size was computed using Cohed'to show any clinical (p < 0:05) and control p < 0:001). No similar results were
e ect of OMT compared to sham therapy and control group.Shown for sham and controp(D 0:40).
Statistical signi cance was based on a probability levelsst than
0.05. All analyses were performed using R v 2.15.01.

*mean  sd, ®n (%). p-values fron*ANOVA and $chi square test.

Primary Outcome

Detrended Fluctuation Scaling Exponent (DFA al)
DFAal was statistically di erent between groupg & 0:05)
(Figure 20). Post-hocanalysis showed that OMT signi cantly
Results decreases DR#fl-values compared to controp(< 0:001) but

it was almost signi cant compared to sham theragy[@ 0:09).
Out of 97 volunteers, 66 were included in the study andMoreover, sham therapy signi cantly lowered D&Acompared
randomized. Nine subjects dropped out and consequently 5@ control group D 0:05). E ect sizes were small (OMT vs.
completed the studyHRigure 1). None of the subject enrolled sham groupd D 0:22) and medium (OMT vs. control D 0:51;
recorded less than 300 cardiac cycles at any study condition sham vs. controld D 0:30).
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FIGURE 2 | Heart rate variability (HRV) ndings for: high mean (SEM). *statistically signi cant differences |§ < 0:001) in OMT
frequency (HF) absolute units (au, A) and normalized units group compared to sham and control groups. # statistically
(nu, B); detrended uctuation scaling exponent (DFA  al, C); signi cant decrease of DFAal (p < 0:05) in sham group compared
low frequency (LF, D); low frequency/high frequency ratio to control. C, control; O, osteopathic manipulative treatrent; S,
(LF/HF, E). Data presented are means standard errors of the sham therapy.
Low Frequency/High Frequency Ratio Sham therapy did not show any statistical association

Statistically signicant decrease of LF/HF ratio wascompared to control groupdD 0:40).

observed between groupp (< 0.001) Figure 2B). Tukey

post-hoc analysis showed that OMT scored signi cantly High Frequency—Absolute Unit

better than sham therapy p( < 0:001) and control ,HF showed statistically signi cant di erences between grsu
(p< 0:001). (p < 0:01) (Figure 2A). Post-ho@nalysis demonstrated that in
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FIGURE 3 | Sensitivity analysis strati ed by smoking. Numbers are ratio. Each gure shows HRV data recorded during the three stps of the
mean SEM. HF(au)A), high frequency absolute units; HF(nu)B), high each session: baseline (5 min), treatment (15 min), end (5m)i*p < 0:001
frequency normalized unit; DFA1 (C), detrended uctuation scaling from regression mixed effect model. LF and LF/HF ratio showed relevant
exponent; LF (D), low frequency; LF/HF(E), low frequency/high frequency increase in OMT group between end and treatment periods.

the OMT group a signi cant increase was revealed compared tgyHF, LF/HF ratio, 3yHF and DFAal both in smokers and

sham and controlg < 0:001). non-smokers as showed iFigures 3 4. In more details, OMT
signi cantly changed baseline values in all HRV parameters

Sensitivity Analysis measuredig < 0:01). Sham therapy and time control groups did

Sensitivity analyses were performed taking into accountiéngp  not demonstrate any valuable change.

and sessions. The rst and second sessions of OMT led to an increase

Stratifying by smoking, results showed statisticallyof ,yHF and g HF as well as a decrease gfLF, LF/HF
signi cance baseline dierences in the OMT group for ratio, and DFAal compared to baseline valueBidures 5 6,
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FIGURE 4 | Sensitivity analysis stratied by non-smoking. (E), low frequency/high frequency ratio. Each gure shows HRV
Numbers are mean SEM. HF(au) (A), high frequency absolute data recorded during the three steps of the each session: basline
units; HF(nu) (B), high frequency normalized unit; DFAl (C), (5min), treatment (15min), end (5min)*p < 0:001 from regression
detrended uctuation scaling exponent; LF (D), low frequency; LF/HF mixed effect model.

statistically signi cant atp < 0:01). Sham therapy and time Discussion
control group did not reveal variations compared to baseline

values. The present trial showed that OMT modies ANS activity
through modulating the parasympathetic functioning of heglth

Adverse Events subjects compared to sham therapy and control groups.

No adverse events were reported during the trial. Statistically signi cant changes were revealed during the
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FIGURE 5 | Sensitivity analysis stratied by session 1. Numbers frequency/high frequency ratio. Each gure shows HRV data
are mean SEM. HF(au) (A), high frequency absolute units; HF(nu) recorded during the three steps of the each session: baselm
(B), high frequency normalized unit; DFA1 (C), detrended (5min), treatment (15min), end (5min)*p < 0:001 from regression
uctuation scaling exponent; LF (D), low frequency; LF/HF (E), low mixed effect model.

treatment period. This clinical study used a larger samplan environmental stress. Then, both Henley and Giles lichite
size to conrm previous ndings showing that OMT can the OMT intervention to anatomical areas (cervical spine and
globally inuence the tonic activity of ANSHenley et al.,, sub-occipital area) directly connected with parasympatheatid
2008; Giles et al., 20).3However, several dierences can besympathetic heart rate control. The present trial used a patient
highlighted between former studies and this trial. Henlesed need-based treatment to improve the clinical generalizstif

an additional tilt test to evaluate HRV variations in resperts ~ ndings.
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Ruf ni et al.
FIGURE 6 | Sensitivity analysis strati ed by session 2. Numbers are ratio. Each gure shows HRV data recorded during the three stps of the
mean SEM. HF(au)A), high frequency absolute units; HF(nu(B), high each session: baseline (5 min), treatment (15 min), end (5m)i*p < 0:001
frequency normalized unit; DFA1 (C), detrended uctuation scaling from regression mixed effect model. Signi cant differencedetween baseline
exponent; LF (D), low frequency; LF/HF(E), low frequency/high frequency and end periods are shown only for HF and LF/HF-values.

Interestingly, thereweretrend di erencesbetweensmoliecs phase, showing an in uence of smoking on HRV changes after
non-smokers for HRV-values in the OMT group. In non-smokers,OMT. Overall, we suggest that the treatment of an osteopathic
HRV-values of the nal 5min record remained unchangeddysfunction, independently from its location, could modify
compared to the HRV-values of the treatment phase. In contrasautonomic activity of both smokers and non-smokers.
smokers presented adi erence, although not statisticalisignt, Interestingly, other OMT mediated improvements in clinical
of the HRV-values between the nal 5min and the treatmentoutcomes such as reduction of pain grade and frequency and
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improvement of the range of motion, may correlate to theLimitations are in terms of incomplete emptiness of the bladde

decrease of sympathetic activity resulting from this stully. that was not systematically asked to participants, di culty t

a matter of fact, parasympathetic branch of ANS has antieontrol for subjects emotional conditions and daily haltiefore

in ammatory and anti-nociceptive actions. Tracey demoiaséd the trial started.

that the release of acetylcholine by vagal endings bindiptaa

7 nicotinic receptors of macrophages selectively inhibiting-pr Conclusion

in ammatory cytokines production {racey, 200R Sympathetic

branch has instead an opposite pro-in ammatory action’RESU"ﬁS demonstrated that OMT produced changes of tonic

potentially increasing pain grade. A 2013 study showed howctivity of ANS as shown by HF, DA, a LF, and LF/HF ratio

interleukin-6 release, induced by norepinephrine, is mestiat variations. The present study focused on healthy subjeataré

by b2-adrenergic receptorsS(ohl et al., 2013 Clinical e ects  studies are warranted to further explore the extent to which

following osteopathic treatment could also be referred td@MT can change ANS activity in pathological conditions and

the trophotropic tuning of the patients organism, due to comparing its e ect with usual care, hypothesizing that OMT

the shift of ANS tonic activity toward the parasympatheticcould be used as a supportive care in addition to traditional

functioning. According toHess (1955)the trophotropic tuning methods.

is characterized by a decrease in frequency and an increase i

amplitude of brain waves, a decrease in heart and respirasoey r Author Contributions

an increase in skin temperature, a decrease in muscle teasin

anxiety. NR, GD, NM, AP, conceived the idea, drafted the rst version
Several strengths and limitations have to be considered f@f the paper. LC supervised the experiment, exported the data

the present trial. No changes to methods and outcomes wei@nd reviewed the paper, FC run the statistical analysis, suggetvi

applied after trial commencement. It was based on rigoroughe research and reviewed the paper for intellectual contlht.

methodology, controlling for allocation, detection, segae authors approved the nal version.

generation biases. Attention was paid to confounding fator

like temperature, humidity of the room, smoking, and circaudli Acknowledgments

rhythms. It included a large sample size and a patients' need-

based treatment. Moreover, DBA was taken into account Authors sincerely thank Luca Righetto for his technical suppor

as nonlinear parameter to further explore the ANS activityand Dr. Michael Hicks for reviewing the paper.
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