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Introduction
 Body massage is integral part of complementary and alternative 
medicine for the care of many conditions such as asthma, chronic 
pain or Parkinson’s disease [1-6]. Nursing organizations recommend 
massage as having “Many Benefits, Little Risk” [7]. The effects of 
massage can be observed all along the life span from children [1,8] 
to elderly [6,9], triggering body relaxation, enhancing sleep quality 
[5,10] and reducing blood pressure [11,12] through stimulating the 
Parasympathetic Nervous System (PNS) and relaxing the Sympathet-
ic Nervous System (SNS) [8].

 From a functional perspective, the PNS effects on emotions, cog-
nition, various physiological functions and health can be explained by 
the neurovisceral integration model presented by Thayer et al. in 2009 
[13]. This model shows how prefrontal cortex and different subcor-
tical regions communicate with each other to regulate PNS through 
a functional central autonomic network that links prefrontal cortex 
to the heart [14]. At heart level, Vagus tone decreases heart rate and 
increases beat to beat variability, leading to Heart Rate Variability 
(HRV) analyses [15, 16].

 Among the different types of body massage techniques, Head 
Massage Therapy (HMT) has shown specific efficacy on stimulating 
the PNS [17]. HMT however, has several limitations related to the 
short effects’ duration of a single session, the need of a therapist, and  
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Abstract
Objective: To compare the respective efficacy of head massage 
performed by Chinese head massage therapist and by mechanical 
helmet massager on Heart Rate Variability (HRV) and clinical pa-
rameters.

Design: A randomized crossover trial with random allocation of Head 
Massage Therapy (HMT), Mechanical Helmet Massager (MHM) and 
Relaxed Reading (RR), as control intervention: 10 minutes interven-
tion and 15 minutes follow-up.

Setting: Beijing Tiantan Hospital.

Subjects: Fourteen healthy volunteers.

Intervention: HMT, MHM and Relaxed Reading.

Outcome measures: HRV parameters: Total Power, High and Low 
Frequency power (HF and LF) as well as HFnu (normalized unit) re-
corded at baseline, during the 10 minutes intervention, and 5 and 15 
minutes post-intervention. We also assessed changes in heart rate 
(HR), blood pressure and body tension at baseline and 15 minutes 
after each intervention.

Results: The increase in HF and LF was differential among the 3 
interventions with a dominant increased HF after HMT and a dom-
inant increased LF after RR, while MHM produced changes inter-
mediate between HMT and RR. During intervention, HMT induced 
a positive change of HFnu by +35% (IQR: +3 to +93) in contrast 
to +5% after MHM (p = 0.096) and -24% after RR (p = 0.011); this 
difference remained significant 15 minutes after the interventions (p 
= 0.048). HR decreased by -5.9% (IQR: -14 to +1.5) 15 minutes after 
HMT, in contrast to slight increase +0.3% after RR (p = 0.035) and 
slight decrease -1.3% after MHM (p = 0.074). Diastolic blood pres-
sure and body tension decreased the most after HMT and we found 
correlations between increased HFnu and decrease of both diastolic 
pressure and body tension.

Conclusion: HMT shows a stronger effect on the parasympathetic 
nervous system as expressed by increase in HFnu with decrease in 
HR, diastolic blood pressure and body tension, compared with RR 
and also MHM. More studies are needed to understand how different 
relaxing interventions may modulate the autonomic nervous system.

Keywords: Autonomic Nervous System; Cross-over trial; Head 
Massage; HRV; Mechanical Helmet Massager; Parasympathetic; 
Vagus Nerve Stimulation
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the related cost. In this context, the use of mechanical helmet mas-
sager (MHM) may have some advantage to stimulate the Vagus nerve 
while offering convenience and flexibility at a fixed cost.

 This cross-over trial was designed to compare the effectiveness 
of Chinese HMT and BREO inc., a commercial mechanical helmet 
massager. To our knowledge it is the first randomized trial comparing 
the effects of HMT and MHM on Autonomic Nervous System (ANS). 

Materials and Methods
Study design

 This cross-over trial recruited healthy volunteers to be random-
ly allocated to HMT and MHM interventions that may stimulate the 
Vagus nerve, compared to a controlled Relaxed Reading (RR) inter-
vention. The study was approved by Tiantan Hospital Ethics Board 
affiliated to Capital Medical University, in Beijing, China (KY 2020-
018-01).

Participants

 Healthy volunteers aged 20 to 40 were invited to participate if they 
did not take drugs that affect the nervous system and did not have a 
chronic condition that required specific care. These volunteers, male 
or female, had to be non- or light smokers (<10 cigarettes/day) and 
out of special stressful conditions for at least 48 hours (such as being 
on-call or working night shifts). They had to prevent drinking coffee 
or smoking at least 3 hours before test, and sign the consent form.

Laboratory setting for recording

 Each volunteer was assigned to a random combination of the three 
interventions. All the sessions were performed in the same quiet room, 
at the same time of the day (+/- 1 hour) to decrease the possible effects 
of circadian variations on HRV parameters, and participants were as-
sisted by the same examiner that followed the same protocol. Before 
starting, participants were told that the intervention would last about 
30 minutes and they were invited to turn off their cellular phone, drink 
a bit of water or eat an apple if needed, or go to the washroom before 
starting.

 The intervention protocol started with 10 minutes resting in a 
comfortable chair without interaction. At the end of the resting period 
we measured heart rate (HR) and blood pressure (BP) using digital 
BP monitor (OMRONR); the participants were also asked the question 
“Presently: which score would you give to your perceived Body Ten-
sion (BT)?” using a visual analog scale from “0” (low) to “10” (high) 
as indicator of BT [18]. The operator started then to record HRV ac-
cording to the protocol (Figure 1): 5 minutes of baseline; 10 minutes 
of intervention; and finally 15 minutes post-intervention resting time. 
At the end of the 15 minutes period we collected data regarding BT, 
BP and HR. In the results section we present 4 sequences of HRV 
analyses performed at baseline; during the 10 minutes intervention; 
during the first 5 minutes and the last 5 minutes segments of the 
post-intervention period.

Interventions Procedures

Intervention 1: HMT A doctor of traditional Chinese medicine 
(TCM) performed a 10-minute head massage following a specific 
protocol involving gentle kneading and massaging of the scalp, fore-
head, orbital fissures, and cheeks while participants remained seated  

on a comfortable chair; head massage also included occipital area and 
part of the neck, excluding shoulders.

Intervention 2: MHM The mechanical helmet massager 
(USD763461-Patent BREO-Technology) was chosen by our research 
team as being the one that gave the strongest feeling of massaging the 
front head, the scalp, temporal and occipital regions, including upper 
neck. During the course of a massaging session, the intensity of pres-
sure changes with alternance of deep and light pressure all over the 
head, with a rolling device that mimics the feeling of hand massage 
following muscles for relaxation. Finally, the device also provides 
music and a voice that guides people to relax. Although not being 
part of “massage” we decided to keep this element because it would 
be part of the device once acquired, and relaxation may also affects 
the ANS [18].

Intervention 3: Simple Relaxed Reading (RR) The RR intervention 
consisted of 10 minutes relaxation on the same chair in a quiet envi-
ronment; if they wish, participants could read a local few days old 
newspaper.

HRV recording and analysis to assess sympathetic and 
parasympathetic activities

 Data were collected with Biopac MP150 in segments of 5 minutes 
with signals sampled at 500 Hz throughout the testing. Recorded data 
were then reviewed manually by our HRV expert for ectopic beats 
or artifacts and analyzed using Acknowledge software, version 4.2 
(Biopac Systems Inc.), following the recommendations from the Task 
Force of the European Society of Cardiology and the North American 
Society of Pacing and Electrophysiology guidelines [16] and recent 
instructions from Laborde (2017) [19].

Figure 1: Flowchart of the participants.

Figure 2: Timeline of the study.
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 We assessed HRV through both the time-domain and frequen-
cy-domain analyses after fast Fourier transformation. Three frequen-
cy bands were obtained from the power-spectral analysis as follow: 
High Frequency Variability (HF) (0.15 to 0.4 Hz) is a marker of car-
diac parasympathetic modulation, Low Frequency (LF) (0.04 – 0.15 
Hz,) is under the influence of both sympathetic and parasympathetic 
but not fully understood regarding their respective contribution; Very 
Low Frequency Variability (VLF) (< 0.04 Hz) was not considered in 
the analysis because it is influenced by multiple factors not all identi-
fied. Total Power (TP), which represents the whole variability of RR 
intervals, was also calculated. Finally, we computed the normalized 
values of HF (HFnu) and LF (LFnu) that represent the relative values 
of each power component [16,20]. These values minimize the effect  

Mechanical helmet massager (MHM)

Parameters Baseline
During inter-

vention        
p-value

5 minutes post 
intervention

p-value

15 minutes post 
intervention 

p-value

HF (ms2/Hz) 43 (28 to 96) 77 (49 to 99)
P = 0.041

67 (45 to 92)
P = 0.096

63 (35 to 103)
P = 0.177

LF
(ms2/Hz)

74 (45 to 
165)

80 (49 to 139)
P = 0.245

122 (74 to 211)
P = 0.009

132 (78 to 207)
P = 0.074

TP
(ms2/Hz)

215 (113 to 
386)

196 (134 to 
316)

P = 0.826

300 (169 to 369)
P = 0.048

365 (193 to 543)
P = 0.030

HFnu 0.40 (0.24 to 
0.58)

0.43 (0.34 to 
0.67)

P = 0.245

0.33 (0.20 to 
0.49)

P = 0.048

0.31 (0.16 to 
0.61)

P = 0.096

MeanNN
(ms)

714 
(684 to 851)

745 (700 to 
933)

P = 0.011

726 (681 to 890)
P = 0.074

734  (676 to 920)
P = 0.056

SDNN
(ms) 23 (19 to 36) 25 (21 to 32)

P = 0.109
29 (24 to 36)

P = 0.022
28 (22 to 37)

P = 0.026

RMSSD
(ms) 23 (14 to 27) 27 (19 to 32)

P = 0.074
26 (19 to 32)

P = 0.124
21 (18 to 32)

P = 0.140

pNN50
(%) 2 (0 to 4) 5 (1 to 10)

P = 0.046
2 (1 to 10)
P = 0.084

2 (1 to 11)
P = 0.055

Heart Rate
(bpm) 82 (70 to 90) NA NA 79 (71 to 88)

P = 0.875

SBP
(mmHg)

107 (100 to 
117) NA NA 105 (97 to 111)

P = 0.099

DBP
(mmHg) 72 (68 to 77) NA NA 70 (67 to 78)

P = 0.262

Body Ten-
sion (Score 

value) 3.0 (2.0 to 
4.3) NA NA 2.0 (1.0 to 3.3)

P = 0.007

Head massage therapy (HMT)

Parameters Baseline
During inter-

vention        
p-value

5 minutes post 
intervention

p-value

15 minutes post 
intervention

p-value

HF (ms2/Hz) 54 (19 to 
105)

108 (42 to 130)
P = 0.005

66 (25 to 115)
P = 0.124

110 (18 to 196)
P = 0.030

LF
(ms2/Hz)

84 (59 to 
134)

110 (57 to 148)
P = 0.925

135 (91 to 182)
P = 0.363

117 (68 to 369)
P = 0.074

TP
(ms2/Hz)

216 (151 to 
337)

336 (197 to 
414)

P = 0.022

329 (175 to 487)
P = 0.026

335 (146 to 650)
P = 0.158

HFnu 0.26 (0.19 to 
0.40)

0.43 (0.35 to 
0.51)

P = 0.011

0.31 (0.22 to 
0.45)

P = 0.875

0.36 (0.23 to 
0.46)

P = 0.875

MeanNN
(ms)

717 
(665 to 835)

787  (727 to 
881)

P = 0.001

769  (707 to 871)
P = 0.002

750  (678 to 898)
P = 0.124

SDNN
(ms) 23 (20 to 34) 32 (23 to 35)

P = 0.056
29 (23 to 37)

P = 0.056
32 (20 to 46)

P = 0.124

RMSSD
(ms) 21 (15 to 35) 33 (21 to 37)

P = 0.002
28 (17 to 37)

P = 0.009
31 (16 to 43)

P = 0.041

pNN50
(%) 2 (0 to 13) 9 (0 to 16)

P = 0.013
6 (0 to 15)
P = 0.101

6 (0 to 20)
P = 0.064

Heart Rate
(bpm) 83 (67 to 92) NA NA 74 (66 to 84)

P = 0.013

SBP
(mmHg)

103 (100 to 
117) NA NA 105 (97 to 114)

P = 0.271

DBP
(mmHg) 72 (68 to 77) NA NA 70 (66 to 74)

P = 0.063

Body Ten-
sion (Score 

value)

3.0 (2.0 to 
3.3) NA NA 1.0 (1.0 to 2.3)

P = 0.003

Relaxed reading (RR)

Parameters Baseline
During inter-

vention        
p-value 

5 minutes post 
intervention

p-value

15 minutes post 
intervention

p-value

HF (ms2/Hz) 56 (31 to 79) 69 (32 to 143)
P = 0.035

65 (34 to 136)
P = 0.109

74(24 to 115)
P = 0.272

LF
(ms2/Hz)

77 (45 to 
143)

164 (78 to 274)
P = 0.001

123 (62 to 234)
P = 0.022

169 (67 to 326)
P = 0.005

TP
(ms2/Hz)

193 (150 to 
330)

336 (185 to 
603)

P = 0.001

329 (158to 553)
P = 0.008

380 (203 to 906)
P = 0.006

HFnu 0.38 (0.24 to 
0.47)

0.33 (0.19 to 
0.42)

P = 0.041

0.33 (0.19 to 
0.55)

P = 0.433

0.29 (0.14 to 
0.44)

P = 0.011

MeanNN
(ms)

786
(692 to 839)

762 (703 to 
831)

P = 0.638

796 (699 to 861)
P = 0.778

777 (700 to 875)
P = 0.594

SDNN
(ms) 23 (20 to 29) 31 (23 to 41)

P = 0.002
31 (22 to 39)

P = 0.013
29 (24 to 39)

P = 0.048

RMSSD
(ms) 22 (18 to 27) 27 (18 to 34)

P = 0.035
23 (20 to 32)

P = 0.096
25 (18 to 33)

P = 0.064

pNN50
(%) 2 (0 to 6) 6 (1 to 11)

P = 0.022
5 (1 to 13)
P = 0.064

5 (1 to 15)
P = 0.030

Heart Rate
(bpm) 76 (69 to 84) NA NA 78 (73 to 83)

P = 0.635

SBP
(mmHg)

108 (96 to 
113) NA NA 111 (99 to 106)

P = 0.508

DBP
(mmHg) 73 (70 to 75) NA NA 74 (65 to 79)

P = 0.599

Body Ten-
sion (Score 

value)

3.0 (2.0 to 
4.0) NA NA 2.5 (1.0 to 3.3)

P = 0.006

Table 1: values of the HRV parameters and clinical outcomes at different 
times (n = 14 participants).

values represent the statistical significance of the changes from baseline 
during the three interventions. 

Values are median (IQR). P values are reported using Wilcoxon signed-
rank test. 

Abbreviation: DBP, diastolic blood pressure; HF, high frequency; HFnu, 
high frequency normalized unit; HMT, head massage therapy; HR, heart 
rate; IQR, interquartile range; LF, low frequency; MHM, mechanical hel-
met massager; NA: not available; pNN50, percentage of R-R intervals that 
differ by >50 ms from adjacent interval, over by the total number of all 
R–R intervals; RMSSD, root-mean-square of successive differences; RR, 
relaxed reading; SBP, systolic blood pressure; SDNN, standard deviation of 
mean NN intervals; TP, total power
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of changes in TP when comparing changes of HF and LF at different 
times, although their understanding is affected by the difficulty to in-
terpret LF’s meaning [19,21-23].

 The following time-domain parameters were computed: mean 
NN intervals, the Standard Deviation of mean NN intervals (SDNN), 
the Root-Mean-Square of Successive Differences (RMSSD), and the 
number of R–R intervals that differed by >50 ms from adjacent inter-
vals divided by the total number of all R–R intervals (pNN50).

Statistical analysis

 Descriptive statistics on baseline characteristics and intervention 
periods used medians and quartiles to report the results. Both differ-
ences from baseline to intervention and post-intervention periods and 
the relative percentage changes (%change) to control for the baseline 
differences among participants, were determined.

 To compare the between-interventions changes from baseline to 
post-intervention, the non-parametric Wilcoxon signed-rank test was 
used after verification of the assumptions [24]. Finally, non-paramet-
ric Spearman’s correlation coefficient was used to assess the relation-
ships between %change in HRV parameters and %change in clinical 
parameters.

 In this exploratory study the main focus was to present the trends 
in %changes, expressed as median and Interquartile Ranges (IQR), 
rather than showing statistically significant results. Because of the 
exploratory nature and the fact that statistical tests were not indepen-
dent, we did not adjust the p-values for the number of tests performed. 
Statistical analyses were performed using SPSS version 22.

Results
 Figure 2 shows the flowchart of participants’ selection. Twenty 
individuals volunteered for the study. Review of the inclusion criteria 
excluded 5 of them for different reasons: stressful life situation (n=1), 
unusual workload in the emergency department (n=2), leaving Bei-
jing (n=1) and lack of flexibility in the work schedule to be available 
at the same time every day (n=1). A total of 15 volunteers signed the 
consent form and were exposed to the different interventions. One of 
the participants dropped out during the study for personal reasons; re-
lated data were removed from the analysis. Finally, the study included 
14 healthy individuals, with median age of 27 years, seven females 
and seven males, all exposed to the three interventions.

 Within-individual changes of TP, LF and HF increased during 
and after each intervention (Table 1; Figure 3), with differences from 
baseline that were often statistically significant (p < 0.05). The largest 
LF absolute value was observed during the relaxed reading while HF 
values increased mostly during HMT. HMT increased HFnu during 
and after the intervention compared to baseline, while the MHM in-
creased HFnu only during the intervention and RR showed a decrease 
at each time (Table 1). All three interventions were able to decrease 
BT, especially HMT. Table 1 also shows the consistency of changes 
between SDNN and TP, as well as between %p NN50 and HF.

 Comparisons of interventions, adjusted for baseline values, are 
presented in table 2 which shows the %change of the different pa-
rameters during the intervention, as well as 5 and 15 minutes after the 
intervention. When exposed to HMT, participants showed a positive 
%change of median HFnu by +35% (IQR: +3 to +93) during the in-
tervention that lasted 15 minutes after intervention (+9%, IQR: -35 
to +61); while during RR, the percentage change in HFnu decreased  

by -24% (IQR: -44 to +2); this difference was statistically significant 
(p = 0.011) and remained significant 15 minutes after the intervention 
(p = 0.048). Finally, exposure to MHM showed a slight increase of 
HFnu by only +5% (IQR: -10 to +50) during the intervention, fol-
lowed by a decrease that reached -17% (IQR: -38 to +5) at 15 minutes.

 Table 2 also shows a median %change decrease of HR by -5.9% 
(IQR: -14 to +1.5) during HMT, in contrast to a slight increase of 
+0.3% (IQR: -3.9 to +5.2) during RR (p = 0.035) and a small decrease 
of -1.3% (IQR: -3.7 to +5.7) during MHM (p = 0.074). There is no 
important difference regarding the effects on systolic blood pressure 
but the %change in diastolic blood pressure (DBP) showed a decrease  
by -3.7% (IQR: -8.4 to +1.7) during HMT compared to a slight in-
crease by +0.7% (IQR: -6.7 to +9.0) during RR and a mild decrease of 
-1.4% (IQR: -7.0 to +3.1) during MHM. Finally, we observed a higher 
effect of HMT on decreasing BT %change by -50% (IQR: -67 to -19), 
compared to both RR (-29%,) and MHM (-33%).

 Correlation between %changes in HFnu during the HMT and 
%changes in clinical parameters 15 minutes later (Figure 4) shows 
that larger increase in HFnu is associated with higher decrease of both 
BT (𝜌 = -0.425; p = 0.130) and DBP (𝜌 = -0.323, p = 0.260). There is 
no correlation between HFnu and HR %changes.

 The analysis of HFnu %change at the individual level (Figure 5) 
shows that during HMT intervention most individuals (11/14) demon-
strated a positive increase in HFnu, compared to only 8 during MHM 
and 3 during RR.

Discussion

 This is the first randomized crossover trial comparing the effects 
of HMT and MHM on the cardiac vagal control assessed by HRV. Be-
cause the three interventions have relaxing effects, the increased vari-
ability of heart rate, as illustrated by increased TP and SDNN during 
and after the interventions was expected, and is supported by scien-
tific knowledge [8,11,25,26]. Among the three interventions, HMT 
increased the most the HF values during interventions. Overall then, 
the PNS relative power (%changes of HFnu) increased most during 
HMT while it decreased after the two other interventions, especially 
RR.

Figure 3: Changes of HF and LF median values (in ms2/Hz) during three 
different interventions.

HF values increased during each intervention especially during HMT. 
Overall, LF values increased more than HF values, especially during re-
laxed reading.

Abbreviation: HF, High Frequency; LF, Low Frequency.
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Parameters
Baseline & Percentage Change

(median, IQR) %
Between groups comparisons

p-values 

Comparison to baseline
MHM HMT RR

MHM
vs HMT

MHM vs RR HMT vs RR

LF baseline
(ms2/Hz)

74 
(45 to 165)

84 
(59 to 134)

77 
(45 to 143)

0.551 0.875 0.638

% change LF (intervention)
+9%

(-7 to 77)
-3%

(-17 to 81)
+67%

(+40 to 175)
0.510 0.064 0.026

% change LF
(5’ post Intervention)

+81%
(+22 to +144)

+21%
(-15 to +119)

+65%
(-3 to +108)

0.221 0.300 0.363

% change LF
(15’ post Intervention)

+59%
(-4 to +137)

+18%
(-19 to +184)

+73%
(+38 to +297)

0.638 0.433 0.397

HF baseline
(ms2/Hz)

43 
(28 to 96)

54 
(19 to 105)

56 
(31 to 79)

0.975 0.730 0.638

% change HF (intervention)
+42%

(+14 to +124)
+65%

(-32 to +100)
+28%

(-4 to +114)
0.975 0.778 0.470

% change HF
(5’ post Intervention)

+24%
(-15 to +82)

+39%
(-6 to +103)

+32%
(-9 to +105)

0.875 0.778 0.551

% change HF
(15’ post Intervention)

+31%
(-16 to +71)

+29%
(-22 to +132)

+35%
(-29 to +128)

0.778 0.638 0.875

HFnu baseline
0.40 

(0.24 to 0.58)
0.26 

(0.19 to 0.40)
0.38 

(0.24 to 0.47)
0.684 0.975 0.272

% change HFnu (intervention)
+5%

(-10 to +50)
+35%

(+3 to +93)
-24%

(-44 to +2)
0.096 0.064 0.011

% change HFnu
(5’ post Intervention)

-21%
(-32 to +10)

+10%
(-33 to +46)

-12%
(-27 to +102)

0.124 0.551 0.594

% change HFnu
(15’ post Intervention)

-17%
(-38 to +5)

+9%
(-35 to +61)

-25%
(-40 to -2)

0.064 0.470 0.048

HF + LF baseline
120

(71 to 267)
147

(97 to 241)
141

(87 to 208)
0.826 0.683 0.397

% change
(intervention)

+30%
(+8 to +62)

+25%
(-3 to +56)

+51%
(+26 to +126)

0.510 0.245 0.177

% change
(5’ post Intervention)

+65%
(+33 to +78)

+24%
(+3 to +67)

+55%
(+13 to +82)

0.109 0.551 0.272

% change
(15’ post Intervention)

+56%
(-5 to +121)

+18%
(-9 to +147)

+74%
(-4 to +185)

0.875 0.470 0.594

TP baseline
(ms2/Hz)

215
(113 to 386)

216 
(151 to 337)

193 
(150 to 330)

0.975 0.638 0.975

% change TP (intervention)
+13%

(-24 to +67)
+26%

(+3 to +54)
+54%

(+24 to +159)
0.551 0.048 0.124

% change TP
(5’ post Intervention)

+28%
(-3 to +92)

+33%
(+9 to +77)

+39%
(+1 to +111)

0.730 0.875 0.397

% change TP
(15’ post Intervention)

+54%
(-5 to +131)

+12%
(-12 to +121)

+106%
(+10 to +212)

0.470 0.594 0.245

Heart Rate baseline
(bpm)

82
(70 to 90)

83
(67 to 92)

76
(69 to 84)

0.730 0.450 0.272

% change HR
(15’ post Intervention)

-1.3%
(-3.7 to +5.7)

-5.9%
(-14 to +1.5)

0.3%
(-3.9 to +5.2)

0.074 0.300 0.035

SBP baseline
(mmHg)

107
(100 to 117)

103
(100 to 117)

108
(96 to 113)

0.379 0.068 0.421

% change SBP
(15’ post Intervention)

-1.0%
(-8.2 to +1.3)

-1.7%
(-6.2 to +2.3)

+0.9%
(-2.3 to +5.2)

0.683 0.056 0.300

DBP baseline
(mmHg)

72
(68 to 77)

72
(68 to 77)

73
(70 to 75)

0.649 0.529 0.969

% change DBP
(15’ post Intervention)

-1.4%
(-7.0 to +3.1)

-3.7%
(-8.4 to +1.7)

+0.7%
(-6.7 to +9.0)

0.683 0.397 0.084

Body tension baseline
(Score value)

3.0
(2.0 to 4.3)

3.0
(2.0 to 3.3)

3.0
(2.0 to 4.0)

0.158 1.000 0.377

% change BT
(15’ post Intervention)

-33%
(-50 to 0.0)

-50%
(-67 to -19)

-29%
(-50 to 0.0)

0.021 0.844 0.252

Table 2: HRV parameters and clinical parameters at baseline and the relative changes from baseline to post-intervention in the three types of interventions 
(N = 14).
Values are median (IQR). P values are reported using Wilcoxon signed-rank test.

Abbreviation: BT, body tension; DBP, diastolic blood pressure; HF, high frequency; HFnu, high frequency normalized unit; HMT, head massage therapy; 
HR, heart rate; IQR, interquartile range; LF, low frequency; MHM, mechanical helmet massager; RR, relaxed reading; SBP, systolic blood pressure; TP, 
total power.
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 The relationship between increased HFnu and changes in HR, 
DBP or BT is not surprising if we consider that the %increase in HFnu 
during HMT represents a relative increase of vagal tone over SNS. 
The relationship between increased PNS and decreased HR and BP 
has already been demonstrated in different contexts [17,25,27,28]. 
Several studies have shown in a convincing way the positive effects 
of massage to stimulate HF [8,17]. We may then explain the smaller 
effects of MHM and RR on clinical parameters by their smaller effect 
on PNS and HFnu.

 In contrast to RR and MHM, the stronger correlation between %in-
crease in HFnu during HMT and the %decrease in BT at 15 minutes 
post-intervention (Figure 4) is worth considering as a sign of HMT 
having a more deeply relaxing effect than the two other interventions. 
This result coupled with significant effects of HMT on decreasing HR 
(p = 0.013) and DBP (p = 0.063) illustrates its more important effects 
on stress reduction, at least until 15 minutes after the intervention. 
Our results also show that RR or MHM can induce relaxation with in-
creased HRV, and associated decreased body tension (Tables 1 and 2), 
without having positive effects on HFnu and the clinical parameters. 
If confirmed, such a result could lead to guiding the different types 
of relaxation and massage practices to go beyond the participants’ 
feeling of relaxation, to reach a state of increased relative PNS, as 
expressed by increased HFnu. This contrast between different types of 
relaxing methods with different effects on HFnu requires more studies 
to better understand what triggers HFnu’s increase in different con-
texts, and how to interpret the changes.

 The reason for HMT’s higher efficiency over MHM to increase 
HFnu and improve a few clinical outcomes may find several possi-
ble explanations that are consistent with the neurovisceral integration 
model [13,14]. The head skin innervation is different from one region 
to the other with regard to vagus stimulation; it is possible that mas-
sage therapist already knows by experience the key places that need 
stimulation to reach deep relaxation. This therapist’s “hand touch”  

refers to the professional’s experience to adapt the intervention to 
the specific needs of the participant [29], which is impossible with a 
standard mechanical stimulation. Another possible reason may be the 
different emotional feelings and physiological reaction of the partic-
ipants when receiving HMT or MHM, with a higher level of comfort 
and trust, hence deeper relaxation when receiving professional care. 
This comparison warrants more studies to understand the mechanism 
of actions of the two types of head massaging approaches that may 
explain the differential effects observed.

 Another important result is the inter-individual variability with 
regard to HRV’s response (Figure 5). Such results raise the question 
of a possible stressful effect of massage for some individuals, for in-
stance when the participants do not feel comfortable to be touched 
or because the massage is painful. More studies are needed to bet-
ter understand how participants perceive massage interventions and 
the possible effects of this emotional reception on physiological out-
comes. Studying this opposite direction of effects among participants 
would also benefit from MRI imaging to understand the mechanism 
in the central autonomic network.

Figure 4: Correlation between changes in HFnu and changes in body ten-
sion score.

Individuals with higher %increase in HFnu tend to have a higher %de-
crease in BT. 

Abbreviation: BT, body tension; HFnu, High Frequency normalized unit.

Figure 5: Individual percentage changes in HFnu of three different inter-
ventions.

The majority of subjects responded positively to head massage therapy and 
mechanical helmet massager in comparison to relaxed reading. 

Abbreviations: HFnu, High Frequency normalized unit.
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 Duration of effects is generally short after HMT, which raises 
questions regarding a possible “therapeutic effect”. Repeated sessions 
or self-administration of massage may represent solutions [8,30]. Us-
ing MHM device is another possible solution as its effects, although 
less intense than HMT, seem real compared to RR. More generally, 
MHM elicited results that followed the same trend as HMT, but less 
intense and persistent. More studies are needed to better understand 
the effects of MHM, in particular in context of repeated sessions over 
days or weeks, that this device permits.

 One strength of our study is the comparison of the participants 
with themselves in a randomized crossover design conducted at ap-
proximately the same time of the day to control the effect of the circa-
dian rhythm on the ANS. Using %change of the different parameters 
is a way to control for baseline values, that vary among participants. 
We also used a state-of-the-art head massage therapist and the BREO 
helmet massager that was considered as one of the best in this catego-
ry.

 There are several limitations of the study. The sample size is small 
with a selected group of healthy volunteers, which is compatible with 
a descriptive exploratory study, but prevents the generalization of 
findings to other groups. Another limitation is the absence of psycho-
metric data regarding the BT scale, which has been used with success 
in another study [18]. Although not well known, the BT scale showed 
a good sensitivity to change in both our study and the Reibel’s study 
[18]. Finally, the MHM device offered music and a peaceful relaxing 
voice, which may represent a co-intervention that affects PNS and 
the different outcomes independently; we cannot exclude that another 
mechanical head massager may generate different results.

Conclusion
 Overall, this study shows that the three interventions have a re-
laxing effect leading to an increase of HR variability. Only Chinese 
HMT however, could trigger a %change in HFnu that was larger than 
the ones after MHM or RR, which may explain the observed effects 
on several clinical parameters after HMT. MHM triggered the HRV 
%changes in the same direction as HMT, but of a smaller magnitude. 
More studies are needed to explain the differences of effects between 
HMT and MHM and also to understand which factors affect the di-
rection of the changes among individuals, in light of the neurovisceral 
integration and the multiple parameters involved. Finally, this study 
shows the possible use of HRV parameters to guide the development 
of more efficient relaxing interventions.
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