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The effect of non-invasive mechanical stimulation to the facial skin on
parasympathetic nervous activity and mental stress
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The aim of this study was to investigate the effect of non-invasive
mechanical stimulation to the facial skin on autonomic nervous activity. Non-invasive mechanical
stimulation caused the same increase in parasympathetic nerve activity as the cold stimulation, and
these responses were different at the stimulation site on the facial skin and speed. Although mental

arithmetic stress increased sympathetic nerve activity, the response was suppressed by the
stimulation to the facial skin. Thus, it was revealed that non-invasive mechanical stimulation to
the facial skin enhances parasympathetic nerve activity and improve the imbalance of autonomic nerve
activity induced during mental stress.
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S ( Mechanical stimulus ) I ( Ice-cold stimulus ) N ( Nonstimulus )
Variable PRE STI p PRE STI p PRE STI p
Time domain
RRI (ms) 8982 = 175.0 9593 + 1788 <0.001 9032 + 1564 9663 + 180.2 0.004 9338 + 1754 9329 + 1535 ns
RMSSD  (ms) 360 = 109 352 + 123 ns 328 + 7.1 366 + 109 ns 346 = 78 345 + 102 ns
PNNS50 (%) 9.5(5.8-19.2) 143 + 1438 ns 114 + 6.1 188 + 158 ns 141 = 99 149 + 125 ns
Frequency domain
HF (ms) 384.7 = 1740 4455 + 2204 ns 3721 + 1577 6186 + 4251 ns 4615 = 2707 4344 + 265.0 ns
LF (ms) 13125 = 8643 4226 + 2925 0.027 8502 + 4355 4039 + 2858 0.009  557.5(420.0-1280.7) 825.5 + 769.9 ns
LF/HF 42 = 38 12 + 10 0.082 29" £ 2.3 09 = 08 0.043 1.6(1.3-2.2) 1.4 (1.0-2.0) ns
HFnu 3L & 225 540 + 237 0.036 348 + 194 620 + 253 0.011 379 = 183 406 + 158 ns
LFnu 689 =+ 225 460 + 237 0.036 652 + 194 379 + 253 0.011 62.0 + 183 594 + 159 ns
Nonlinear
SD1 (ms) 257 % “T.8 251 + 88 ns 234 + 51 261 + 7.8 ns 247 £ 56 246 + 73 ns
SD2 (ms) 542 = 164 370 £ 95 0.006 538 + 10.0 393 + 149 0.051 448 = 130 453 + 173 ns
SD2/SD1 2.3 & 109 16 £ 0.6 0.016 24 £ 08 16 = 06 0.006 19 £ 0.6 19 + 07 ns

Data are presented as mean =+ standard deviation or median (interquartile range).

RRI, R wave-to-R wave interval; PRE, prestimulation; S77, stimulation; RMSSD, root mean square of successive RR interval differences; pNN50, percentage of successive RR
intervals that differ by more than 50 ms; HF, absolute power of the high-frequency band (0.15-0.4 Hz); LF, absolute power of the low-frequency band (0.04-0.15 Hz); HFnu,
HF power in normalized units; LFnu, LF power in normalized units; SDI, Poincaré plot standard deviation perpendicular the line of identity; SD2, Poincaré plot standard
deviation along the line of identity; p, p values of PRE vs. STI; s, no significance.
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