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Objective  To explore the effects of tactile stimulation using air pressure at the auricular branch of the vagus nerve 
on autonomic activity in healthy individuals. 
Methods  Three types of tactile stimulation were used in this study: continuous low-amplitude, continuous 
high-amplitude, and pulsed airflow. The tactile stimulations were provided to the cymba concha to investigate 
autonomic activity in 22 healthy participants. The mean heart rate (HR) and parameters of HR variability, 
including the standard deviation of R-R intervals (SDNN) and root mean square of successive R-R interval 
differences (RMSSD) were compared at baseline, stimulation, and recovery periods.
Results  Two-way repeated measures ANOVA indicated a significant main effect of time on HR (p=0.001), 
SDNN (p=0.003), and RMSSD (p<0.001). These parameters showed significant differences between baseline 
and stimulation periods and baseline and recovery periods in the post-hoc analyses. There were no significant 
differences in the changes induced by stimulation type and the interaction between time and stimulation type 
for all parameters. One-way repeated measures ANOVA showed that HR, SDNN, and RMSSD did not differ 
significantly among the three time periods during sham stimulation.
Conclusion  Parasympathetic activity can be enhanced by auricular tactile stimulation using air pressure, targeting 
the cymba concha. Further studies are warranted to investigate the optimal stimulation parameters for potential 
clinical significance.
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INTRODUCTION

Autonomic modulation via vagus nerve stimula-
tion (VNS) has gained increasing interest as a potential 
therapeutic strategy in clinical practice. VNS is a neuro-
modulatory treatment that has shown clinical efficacy in 
various disorders, including epilepsy, depression, stroke, 
traumatic brain injury, Alzheimer’s disease, rheumatoid 
arthritis, diabetes, and cardiovascular disorders [1-3]. 
Prior literature has reported several benefits of VNS, in-
cluding anti-adrenergic effects at central and peripheral 
levels, anti-apoptotic effects, an increase in nitric oxide, 
enhanced neuroplasticity, anti-nociception, and anti-
inflammatory effects [4]. It can modulate autonomic 
imbalance through accelerated parasympathetic activity, 
blunted sympathetic activity, and suppressed pro-in-
flammatory cytokines, making it a promising therapeutic 
approach [5].

Despite its potential advantages in clinical applica-
tion, VNS is cautiously considered due to its requirement 
for invasive implantation of electrodes and stimulators. 
Surgical implantation is associated with increased risks 
of infection, bradycardia, asystole, and vocal cord pa-
resis [6]. Stimulation-associated adverse events include 
voice alteration, paresthesia, cough, dyspnea, and pain 
[7]. As an alternate non-invasive approach, transcutane-
ous auricular VNS exhibits comparable effects to those 
of invasive VNS by stimulating the auricular vagus nerve 
[8,9]. The input of transcutaneous auricular VNS can be 
delivered through the auricular vagus nerve to the brain-
stem and higher brain areas via extensive projections to 
the second- and third-order neurons within the brain [9]. 
Transcutaneous auricular VNS, which can increase heart 
rate (HR) variability by reducing sympathetic nerve out-
flow, has shown promising clinical results in mitigating 
atrial fibrillation and ventricular arrhythmia, alleviating 
pain severity, reducing depression severity, and improv-
ing stroke recovery [10-14].

The auricle, a region innervated by the peripheral 
branches of the vagus nerve, is a plausible direct gateway 
for the modulation of parasympathetic activity [9]. This 
point is a rationale for the application of transcutaneous 
auricular VNS or acupuncture therapy as a non-invasive 
approach to enhancing parasympathetic activity in pre-
vious studies [9,12,14,15]. However, even though there 
has been anatomic and physiologic evidence of sensory 

regions innervated by the auricular branch of the vagus 
nerve [16,17], few previous studies have focused on the 
effect of tactile stimulation at the auricle as an alterna-
tive method of a non-invasive approach. The auricular 
branch of the vagus nerve is afferent nerve fibers, which 
form a cutaneous receptive field of the external ear, in-
cluding the cymba concha along with antihelix, cavity of 
concha, tragus, crus of helix, and crura of antihelix [18]. 
Previous electrophysiological and functional magnetic 
resonance imaging studies showed that tactile stimula-
tion can result in brain activity similar to that from trans-
cutaneous electrical stimulation [19,20].

Thus, this study aims to investigate the effect of tactile 
stimulation, using air pressure, at the auricular branch of 
the vagus nerve on autonomic activity.

MATERIALS AND METHODS

Participants
The participants were recruited through bulletin boards 

at a medical school and a hospital. Participants were 
eligible if they had no history of cardiovascular diseases, 
epilepsy, severe brain injury, or mental disorders, such 
as depression and anxiety. Twenty-three participants 
were recruited for tactile stimulation, and one of them 
showed frequent premature ventricular contractions 
on an electrocardiogram (ECG) and was consequently 
excluded from this study. Twenty-two participants (11 
female) were enrolled for auricular tactile stimulation in 
this study. Additional 22 participants (11 female) were 
enrolled for sham stimulation. There was no participant 
who had medical diseases or took medications that could 
affect the HR or HR variability. This study was approved 
by the Institutional Review Board of Seoul National Uni-
versity Hospital (no. 2104-145-1213), and all participants 
provided written informed consent according to the in-
stitutional guidelines.

Experimental design
Fig. 1 summarizes the experimental design of this study. 

Auricular tactile stimulation was performed using air 
pressure targeting the cymba concha of the bilateral ex-
ternal ears, where the auricular branch of the vagus nerve 
is located. The sensory threshold level was measured in 
all participants for auricular tactile stimulation before the 
experiment began to determine the tactile stimulation in-
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tensity. The sensory threshold was determined by gradu-
ally decreasing the stimulus air pressure, from the initial 
0.005 psi, by 0.001 psi at intervals until the participants 
could no longer perceive it. The low-amplitude intensity 
was defined as the sensory threshold plus 0.004 psi. The 
high-amplitude intensity was defined as twice the low 
amplitude, which was determined through pilot experi-
ments before this study commenced. The three types of 
auricular tactile stimulation used in this study were as 
follows: (1) continuous low-amplitude, (2) continuous 
high-amplitude, and (3) pulsed airflow. Pulsed stimula-
tion was provided as triangular pulses, in which the air 
pressure increased linearly from low to high amplitude 
for 15 seconds, followed by a linear decrease from high to 
low amplitude for 15 seconds. The three types of tactile 
stimulation were assigned randomly to each participant. 
Additionally, sham stimulation was provided to a group 
of participants different from those who were provided 
with the three types of stimulation. Sham stimulation was 
defined as continuous high-amplitude stimulation while 
wearing a headset, with the air hose targeting the bilat-
eral shoulders to avoid stimulating the cymba concha of 
the bilateral external ears.

After a resting period of 5 minutes, ECG data were re-
corded at the baseline, during stimulation, and recovery 
periods. Each period lasted five minutes. During the re-
cording periods, the participants were seated with palms 
facing upward, knees at 90° angles, both feet flat on the 
floor, both hands on thighs, and eyes closed [21]. The 
participants were instructed not to speak or move, to stay 
awake, and breathe as they would regularly (comfortably 
and not deeply). To minimize influences of the previ-

ous stimulation, the participants attended each session 
three times, at least 24 hours apart from the previous 
session. Before the experiments began, the participants 
were instructed to control the confounding variables that 
could possibly affect HR variability, as determined by a 
previous study [21]. The instructions included the fol-
lowings: to follow a normal sleep routine, not to exercise 
or consume alcohol the day before the experiment, not 
to consume food or caffeine at least two hours before the 
experiment, and to empty their urinary bladder before 
the experiment begins. The participants were informed 
to report any pain or discomfort, and the experiment was 
terminated if severe pain or discomfort occurred during 
the tactile stimulation.

Development of a tactile stimulator using air pressure
To provide the three types of tactile stimulation in terms 

of (1) continuous low-amplitude, (2) continuous high-
amplitude, and (3) pulsed airflow, a tactile stimulator was 
developed to generate and control the air pressure in this 
study (Fig. 2). In the tactile stimulator, air pressure was 
generated using a BLDC blower (U71MX-024KX-4; Micr-
onel, Tagelswangen, Switzerland), which was controlled 
using an Arduino UNO microcontroller board (Arduino, 
Monza, Italy), an open-source electronic prototyping 
platform, and an Arduino open-source integrated devel-
opment environment. The air pressure, measured at the 
end of the air hose, could be modulated by 0.001 psi in-
crements in the tactile stimulator. Air was generated from 
the blower and delivered via an air hose targeting the 
participant’s cymba concha. The inner diameter of the 
air hose was 11 mm, and the length from the end of the 

Stimulation conditions in random order
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Fig. 1. This presents schematic il-
lustrations of the participant flow 
diagram (A) and the experimental 
design for 3 types of auricular tac-
tile stimulation (B).
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air hose to the cymba concha was approximately 3 cm. A 
commercial headset (HS-301; Micronics, Gimpo, Korea) 
was modified to allow adjustments to the end of the air 
hose to streamline the focus on the target area of the ex-
ternal ear while compensating for neck movements of the 
participants during the auricular tactile stimulation. The 
pressure and noise level generated by a tactile stimulator 
were measured using a digital manometer (DT-8890A; 
CEM, Shenzhen, China) and a sound level meter (GM-
1351; BENETECH, Shenzhen, China). The noise level re-
mained below 20.0 dB, which is equivalent to the sound 
of rustling leaves.

Electrocardiogram data acquisition and heart rate 
variability analysis

ECG and HR data were recorded at 2,000 Hz using a 
2-channel Biopac Student Lab version 4.1 (BIOPAC Sys-
tems, Goleta, CA, USA). Three disposable electrodes were 
placed under the left and right clavicles and on the lower 
edge of the left rib cage. After recordings, the data were 
exported to the Kubios HRV Premium Software version 
3.5 (Kubios, Kuopio, Finland), one of the most popular 
software used to analyze HR variability [22]. In the time-
domain measures, the standard deviation of R-R intervals 
(SDNN), the root mean square of successive R-R inter-
val differences (RMSSD), the number of adjacent R-R 
intervals that differ from each other by more than 50 ms 
(NN50), and the percentage of successive normal sinus 
R-R intervals of more than 50 ms (pNN50) were obtained. 
In the frequency-domain measures, the low frequency 

(LF) component at 0.04–0.15 Hz and high frequency (HF) 
component at 0.15–0.40 Hz were acquired. The respira-
tory rate was estimated based on ECG and R-R interval 
data using the respiratory rate estimation algorithm sup-
ported by Kubios HRV Premium Software [23].

Statistical analysis
Data are presented as the mean±standard deviation 

(SD). Two-way repeated measures ANOVA was used to 
examine differences in HR, the parameters of HR vari-
ability, and the respiratory rate among the three time pe-
riods (baseline, stimulation, and recovery), and among 
the three types of tactile stimulation (continuous low-
amplitude, continuous high-amplitude, and pulsed 
airflow). If significant main effects were observed, post-
hoc tests with Bonferroni correction were conducted for 
pairwise comparisons. Greenhouse–Geisser correction 
was performed when necessary, to correct for non-sphe-
ricity. Sex was added to the two-way repeated measures 
ANOVA model to investigate whether differences in HR, 
the parameters of HR variability, and respiratory rate ac-
cording to sex were observed. Age was not added to the 
two-way repeated measures ANOVA model as the age of 
the participants was in a narrow range (24–37 years). In 
the sham stimulation group, one-way repeated measures 
ANOVA was conducted to examine the differences in HR 
data, parameters of HR variability, and respiratory rate 
among the three time periods (baseline, stimulation, and 
recovery). The significance level was set at p<0.05. All 
statistical analyses were performed using IBM SPSS Sta-
tistics 19.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Participants
The mean age of all participants was 29.8±4.0 years. 

(range: 24–37 years). Age was not different between au-
ricular tactile stimulation and sham stimulation groups 
(29.2±3.9 years vs. 30.6±3.9 years, p=0.240). Only partici-
pants who thoroughly followed the instructions to control 
for confounding variables that could potentially affect HR 
variability participated in the experiments. The sensory 
threshold of 18 participants was measured at 0.001 psi, 
whereas that of the others was measured at 0.002 psi. The 
levels of tactile stimulation did not differ significantly be-
tween the male and female (p=0.478). One participant in 

A B C

Fig. 2. The figure presents the experimental setup of a 
headset-type tactile stimulator using air pressure. A tac-
tile stimulator consists of a part to generate and control 
air pressure and a part to provide air pressure to the 
external ear (A). The speaker part of the headset was re-
placed with the ball head and the air hose (B). The angle 
of the air hose could be adjusted to localize the air to the 
cymba concha (C).
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auricular tactile stimulation group reported mild discom-
fort around the external acoustic meatus during high-
amplitude stimulation.

Heart rate variability analysis
Table 1 shows the mean±SD of HR, parameters of HR 

variability, and respiratory rate at the baseline, stimula-
tion, and recovery periods. The within-subjects two-way 
repeated measures ANOVA indicated a significant main 
effect of time on HR (p=0.001), most parameters of HR 
variability including SDNN (p=0.003), RMSSD (p<0.001), 
NN50 (p=0.003), pNN50 (p=0.002), LF (p=0.040), and 
respiratory rate (p=0.018) during tactile stimulation. As 
shown in Table 1, most of the parameters showed signifi-
cant differences between the baseline and stimulation 
periods, and the baseline and recovery periods in the 
post-hoc analyses (p<0.017 after Bonferroni correction). 
There was no significant main effect of stimulation type 
or interaction between time and stimulation type on all 
parameters (not included in the Table 1 due to lack of 
space). HR, the parameters of HR variability, and respi-
ratory rate did not significantly differ according to sex. 
One-way repeated measures ANOVA showed that HR, the 
parameters of HR variability, and respiratory rate did not 
differ significantly among baseline, stimulation, and re-
covery periods during sham stimulation (Supplementary 
Table S1). The individual values of percentage changes 
during the baseline, stimulation, and recovery periods 
in the participants with continuous low-amplitude, con-
tinuous high-amplitude, pulsed, or sham stimulation are 
illustrated in Supplementary Figs. S1-S8.

DISCUSSION

This study aimed to explore the effects of tactile stimu-
lation using air pressure at the auricular vagus nerve, on 
cardiovascular autonomic control in healthy individuals. 
A headset-type tactile stimulator targeting the bilateral 
cymba concha was developed to conduct the experi-
ments. The results of the present study showed that 
auricular tactile stimulation altered cardiovascular auto-
nomic control, causing a shift toward vagal dominance. 
Reduced HR and increased HR variability and respiratory 
rate were observed after auricular tactile stimulation, 
which was not evident in sham stimulation.

In this study, three types of tactile stimulation were 

determined to explore the effects of temporal patterns 
and intensity of airflow at the bilateral external ears on 
autonomic function. Although HR and the parameters of 
HR variability showed a trend of difference in continuous 
high and pulsed stimulation compared with continuous 
low stimulation, the main effect of group was not signifi-
cant in this study. The results of the current study showed 
that auricular tactile stimulation using airflow ranging 
from 0.005–0.012 psi can influence cardiac parasympa-
thetic activity. The parameters of tactile stimulation us-
ing air pressure in previous studies include the pressure, 
velocity, and pulse of the airflow [24-26]. In the present 
study, pressure (low- and high-amplitude stimulations) 
and pulse (continuous and pulsed stimulations) were 
used as the parameters of tactile stimulation, consider-
ing that the pressure of airflow might be associated with 
the induction of discomfort or unpleasant feelings and 
sensory adaptation could occur during continuous tactile 
stimulation. The intensity of tactile stimulation in the 
present study was determined by taking into consider-
ation the variation in the sensory threshold for airflow 
and the potential discomfort when using the higher in-
tensity of tactile stimulation, as observed in a pilot study, 
similar to transcutaneous electrical stimulation [27]. 
Additionally, although the target area for tactile stimula-
tion was the cymba concha, it should be noted that the 
airflow was applied to the auricular and periauricular 
areas. It was taken into account that stimulation with 
airflow at the cymba concha only was not realistic, and 
the cutaneous distribution of the auricular branch of the 
vagus nerve includes the cymba concha, antihelix, cavity 
of concha, tragus, crus of helix, and crura of the antihelix. 
Interestingly, significant change in respiratory rate was 
observed with auditory tactile stimulation. This finding is 
consistent with clinical studies showing that an increased 
respiratory rate was observed during VNS in adults and 
children with epilepsy [28,29]. According to a previous 
preclinical study, two subtypes of vagal afferent neurons 
for lung-to-brain connectivity exist, one of which can 
cause rapid and shallow breathing after neuronal activa-
tion [30].

A limited number of studies have been performed to 
investigate non-electrical methods of stimulation to ac-
tivate the parasympathetic activity through the auricular 
branch of the vagus nerve. Recently, Boehmer et al. [15] 
reported that acupuncture at the cymba concha can al-
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Table 1. The responses of mean heart rate, heart rate variability, and respiratory rate in (1) continuous low-amplitude, 
(2) continuous high-amplitude, and (3) pulsed stimulation

Parameter

Mean±standard deviation

p-value 
(time)

Post-hoc comparisons

Baseline Stimulation Recovery

Baseline
vs.

stimula-
tion

Baseline
vs.  

recovery

Stimula-
tion
vs. 

recovery
Mean heart rate (bpm) 0.001* <0.001** 0.003** 0.746

    Low amplitude 75.59±14.44 74.32±13.09 73.64±12.22

    High amplitude 73.18±10.68 70.86±10.12 71.18±10.08

    Pulsed 74.86±12.18 72.09±10.86 72.14±10.37

Heart rate variability

    SDNN (ms) 0.003* 0.013** 0.004** 0.089

        Low amplitude 32.53±12.27 34.80±12.41 37.37±12.98

        High amplitude 36.36±15.15 40.04±17.57 41.09±16.84

        Pulsed 35.21±11.76 38.26±12.48 40.11±13.74

    RMSSD (ms) <0.001* 0.001** 0.001** 0.039

        Low amplitude 34.32±17.79 37.10±18.65 38.70±17.15

        High amplitude 36.30±19.43 42.27±25.13 43.00±25.71

        Pulsed 35.48±18.32 40.55±21.83 40.35±20.59

    NN50 (beats) 0.003* 0.002** 0.006** 0.313

        Low amplitude 59.64±60.18 65.86±58.98 69.41±54.28

        High amplitude 61.09±57.52 72.55±61.84 76.50±64.09

        Pulsed 55.00±42.17 69.14±46.83 69.86±49.51

    pNN50 (%) 0.002* 0.001** 0.005** 0.408

        Low amplitude 18.29±20.15 20.09±19.90 20.88±18.40

        High amplitude 18.84±19.51 22.63±21.26 23.89±21.81

        Pulsed 16.69±16.46 21.45±18.51 21.45±18.63

    LF (ms2) 0.040* 0.176 0.056 0.095

        Low amplitude 384.50±434.74 460.05±435.96 693.18±707.14

        High amplitude 695.73±946.03 772.50±634.28 814.91±661.82

        Pulsed 486.59±527.86 641.91±513.05 823.23±809.71

    HF (ms2) 0.057 0.083 0.048 0.275

        Low amplitude 686.64±685.42 702.50±581.82 753.32±598.65

        High amplitude 693.23±647.68 1,015.45±1,049.75 1,078.64±1,203.45

        Pulsed 693.05±711.54 821.23±1136.39 840.77±951.51

Mean respiratory rate 
(Hz)

0.018* 0.010** 0.035 0.882

    Low amplitude 0.26±0.05 0.26±0.05 0.27±0.05

    High amplitude 0.26±0.04 0.27±0.04 0.26±0.04

    Pulsed 0.24±0.04 0.26±0.03 0.26±0.03

SDNN, standard deviation of R-R intervals; RMSSD, root mean square of successive R-R interval differences; NN50, 
number of adjacent R-R intervals that differ from each other by more than 50 ms; pNN50, percentage of successive 
normal sinus R-R intervals of more than 50 ms; LF, low frequency; HF, high frequency.
*p<0.05; **Bonferroni-corrected p<0.017.
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ter autonomic balance in favor of vagal tone in healthy 
individuals. Acupuncture at the region innervated by 
the auricular vagus nerve induced decreased HR and in-
creased SDNN without changes in power spectral density 
parameters such as HF and LF, which is generally consis-
tent with the results of the current study. Acupuncture at 
the auricular branch of the vagus nerve might increase 
the activity of the nucleus tractus solitarius projecting to 
the vagal efferent neurons of the nucleus ambiguous and 
dorsal motor nucleus in the medulla oblongata, conse-
quently resulting in the activation of the parasympathetic 
nervous system. In addition, a pilot study outlined the 
anti-inflammatory effects of vibrotactile stimulation on 
the cymba concha in healthy individuals and patients 
with rheumatoid arthritis [31]. In this study, vibrotactile 
stimulation reduced the levels of pro-inflammatory cyto-
kines, including tumor necrosis factor, interleukin 1 beta, 
and interleukin 6, in healthy individuals and decreased 
disease activity and pain severity in patients with rheu-
matoid arthritis. The anatomical basis of auricular VNS 
has been provided by preclinical studies using tracing 
techniques in rats, dogs, cats, and human cadaver studies 
[32-35]. The auricular tactile stimulation in the present 
study may activate the auricular vagus nerve, similarly 
to acupuncture or vibrotactile stimulation, resulting in 
indirect enhancement of parasympathetic activity, which 
should be demonstrated in further preclinical or clinical 
studies.

There are few studies that have explored auricular tac-
tile stimulation to modulate parasympathetic activity via 
the vagus nerve, as opposed to transcutaneous electrical 
stimulation, which has shown promising results for clini-
cal purposes in diverse diseases. However, there have 
been several studies that compared the effects of tactile 
and transcutaneous electrical stimulation on the periph-
eral and central nervous systems. The neurophysiologi-
cal studies on healthy participants reported that sensory 
nerve action potentials from the sural and medial nerves 
were evoked by both tactile stimulation (using a servo-
motor controlled probe) and transcutaneous electrical 
stimulation at the peripheral regions of the limbs includ-
ing dorsolateral side of the foot and the tip of the third 
digit [19,36]. In these studies, the peak-to-peak amplitude 
of the sensory nerve action potentials in tactile stimula-
tion was approximately 5%–10% of that in supramaximal 
electrical stimulation. Another experimental study on 

neurohormonal activation in a rat model showed that 
tactile stimulation at the glans penis and transcutaneous 
electrical stimulation of the dorsal penile nerve similarly 
excited approximately 60% of oxytocin releasing cells 
in the supraoptic nucleus of the central nervous system 
[37]. Furthermore, an investigation of healthy individu-
als using functional magnetic resonance imaging also 
indicated that tactile stimulation with a soft brush at the 
index finger activated cortical activity in brain regions 
anatomically equivalent to those activated by transcuta-
neous electrical stimulation [20]. The level of electrical 
intensity was set above the motor threshold, and there 
was consequent activation of brain regions, including 
the primary and secondary sensorimotor cortex, insula, 
parietal operculum, and posterior parietal cortices. The 
results of the aforementioned studies suggest that tactile 
stimulation on the specific regions of the body may ac-
tivate the cutaneous branch of the peripheral nerve and 
related brain regions, although the effect of tactile stimu-
lation might be less than that of transcutaneous electrical 
stimulation. Further research is warranted to investigate 
the potential clinical significance and optimal param-
eters for tactile stimulation of the auricular vagus nerve 
to modulate parasympathetic activity for clinical applica-
tions.

This study has several limitations. First, the sample size 
of the present study was small. To the best of our knowl-
edge, this is the first study to investigate the effect of au-
ricular tactile stimulation on parasympathetic activity. 
It is necessary to generalize the results of this study to a 
larger number of participants. Second, only short-term 
effects of the three types of auricular tactile stimulation in 
terms of 5 minutes each of stimulation and recovery peri-
ods were explored in this study. Future studies are need-
ed to investigate the long-term effects of more optimized 
auricular tactile stimulation, including other stimula-
tion parameters, such as temperature or humidity of the 
airflow. Third, direct comparisons between the stimula-
tion and sham conditions were not conducted because 
this study additionally included a sham condition, and 
the participants in the sham group differed from those 
in the experimental group. It is necessary to perform a 
comparison between stimulation and sham conditions 
with a between- and within-subject design, considering 
habituation to the experimental environment and inter-
individual variations that can influence HR variability. 
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Fourth, the study population only included healthy indi-
viduals. To gain clinical significance, it is mandatory to 
extend the study population to include older adults and 
patients with cardiovascular disorders.

This study reported that parasympathetic activity can 
be enhanced in healthy individuals by auricular tactile 
stimulation using air pressure, targeting the cymba con-
cha of the bilateral external ears, where the auricular 
branch of the vagus nerve is distributed. Further preclini-
cal and clinical studies are essential to investigate the 
exact neural mechanisms that modulate the autonomic 
nervous system and to determine the optimal stimulation 
parameters for potential clinical significance.
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