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Frequency-specific responses of human brain to peripheral
transcutaneous electric nerve stimulation a functional
magnetic resonance imaging study
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Abstract The purpose of the present investigation was to determine the responses of human brain to tran-
scutaneous electric nerve stimulation TENS at different frequencies by functional magnetic resonance imaging

fMRI  examinations covering the whole brain of eleven healthy volunteers. Each subject received TENS at
acupoints ST36 and SP6 of the left leg at the frequencies of 2 and 100 Hz. Frequency-specific responses were
found in motor-related areas thalamus limbic system and associated cortex to stimulation of the two frequen-
cies while the primary somatosensory areas were activated by both. Therefore it appears that 2 and 100 Hz

TENS act through different neuro-pathways in the central nervous system.
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Fig. 1. Stimulation paradigm. R1 R2 R3 represent the rest-
ing phases without TENS stimulation and S1 S2  S3 the TENS

stimulating phases.
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Fig. 3. Activation maps of TENS stimulation using different frequencies. Four coronal activation maps of human brain. The num-
ber on the top of each image indicates the distance in mm between the slice and the one across anterior commissure. Cb cerebel-
lum CG cingulate gyrus DTh dorsal thalamus Ent entorhinal cortex Fop frontal operculum IFGOr inferior frontal gyrus
orbital part Ins insular gyrus ITG inferior temporal gyrus M1 primary motor area MFG medial frontal gyrus MTG  medial

temporal gyrus OcG occipital gyrus Pons pons Pop parietal operculum Pu putamen Sl primary somatosensory area
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1. TENS
Table 1. Activated brain areas during TENS
2 Hz 100 Hz
Activated areas Number of activated ~ Mean T value Number of activated ~ Mean T value
voxels voxels
Primary somatosensory area S1 L 98 3.10943 106 3.49858
R 81 3.04648 64 2.84013
Parietal operculum POp SII L 132 3.00861 172 3.02628
R 193 3.03375 237 2.9002
Insular gyrus Ins L 51 2.69745 93 2. 71777
R 194 2.75298 223 2.77963
Superior parietal lobule SPL L 51 3.1412 242 2.92057
R 141 3.10974 270 2.94125
Cerebellum L 147 2.80304 331 2.83428
R 179 2.75529 215 2.8686
Cingulate gyrus CG L 160 2.76734 756 2.79896
R
Primary motor area M1 R 35 2.72917 - -
Supplementary motor area SMA L 212 3.39486 - -
R
Superior frontal gyrus SFG L - - 83 2.8863
Medial frontal gyrus MFG R 72 2.87221 - -
Frontal operculum FOp L 45 3.2736 - -
R 33 2.93115 53 2.85004
Orbital part of inferior frontal gyrus L 108 3.03624 - -
IFGOr R 270 2.92784 148 2.84474
Entorhinal cortex Ent R 21 2.83857 - -
Putamen Pu L 8 2.71363 - -
R 12 2.71783 8 2.7064
Superior temporal gyrus STG L 167 3.49984 130 3.15908
R 117 2.84119 - -
Medial temporal gyrus MTG L 215 2.99195 61 2.87605
R 197 3.00788 - -
Inferior temporal gyrus 1TG L - - 27 3.00944
R 90 3.13687 - -
Occipital gyrus  OcG R - - 143 2.93914
Subthalamus and ventral thalamus L 18 2.70767 - -
STh VTh R 51 2.71159 - -
Dorsal thalamus DTh L - - 128 2.80171
R - - 204 2.8496
Pons 127 2.93391 61 2.83718

Ins

Voxels with T value above 2.63 and clustered with 3 as the threshold were counted here. R right side contralateral

L left side ipsilateral “ -
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