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Transcutaneous electrical nerve stimulation produces
variable changes in somatosensory evoked potentials,
sensory perception and pain threshold: clinical
implications for pain relief
JOHN F GOLDING, HEATHER ASHTON, RICHARD MARSH, JOHN W THOMPSON

From the Department ofPharmacological Sciences, The Medical School, University ofNewcastle upon Tyne,
UK

SUMMARY Transcutaneous electrical nerve stimulation decreased early and late somatosensory
evoked potential amplitudes and stimulus intensity ratings, and elevated sensory detection thresh-
old, in normal subjects. Effects on pain threshold depended on pre-treatment threshold. These
findings are relevant to treatment of clinical pain by transcutaneous electrical nerve stimulation.

Transcutaneous electrical nerve stimulation (TENS)
and electroacupuncture are assuming increasing
clinical importance as non-pharmacological methods
of pain relief. The mechanisms of their analgesic
action remain obscure despite many
investigations,1 -22 and it is not known how they
affect sensory processing in general. One approach to
this question has been to study the effects of these
procedures on somatosensory evoked potentials
(SEPs),1722-25 but the results so far are confusing
and sometimes contradictory. Thus in one study
electroacupuncture reduced the amplitude of early
SEP components25 while in others transcutaneous
electrical nerve stimulation had no effect on early
components23 but reduced the amplitude of late com-
ponents.2223 It is not known whether effects on early
SEPs are due to peripheral nerve refractoriness and
hyperpolarisation25 or to central interference effects
as produced by vibration or tactile stimulation in
areas near the SEP stimulation site.26 30 Nor is it
clear whether effects on late SEPs represent a general
distraction of attention or some more specific, local-
ised action.22 23

In the present study, the effect of transcutaneous
electrical nerve stimulation on both early and late
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SEP components, subjective assessment of stimulus
intensity, sensory detection threshold and pain
threshold were investigated. Particular attention was
paid to the localisation of effects and to individual
differences in response.

Methods
SEP recording
Ag/AgCl electrodes were placed at the following sites: both
mastoids, FZ' (midway between FZ and CZ), CZ, and C3'
and C4' (2 cm diagonally back from C3 and C4) (10-20
system).31 EEG was recorded from C3' and C4' to FZ' refer-
ence (for short latency SEPs) and from CZ referenced to two
mastoids (for late SEPs). Signals were amplified (Devices
EEG pre-amplifiers, early SEPs: T = 0 3 s, HF response flat
to 5 kHz; late SEPs: T = 4 s, HF roll off 6dB/octave at 75
Hz) and averaged on a PDP8E computer with fast arith-
metic unit. ADC sampling rate was 8 kHz with 62 5 ms win-
dow for early SEPs and 2 kHz with 500 ms window for late
SEPs; stimulus onset was 5 ms from start of sweep, ampli-
tude resolution was 10 bits. Signals were simultaneously
recorded on FM tape (Racal).
Two hundred stimuli presented unilaterally at 3 Hz were

utilised for averaging an early SEP, 100 stimuli at 0-2 Hz per
side (50 left interleaved with 50 right), for late SEPs, the
averaged SEPs being produced by programmed sorting
according to the side of stimulation. Square-wave electrical
stimuli (200 Ms pulse width) were presented (Grass stimu-
lator with constant current unit CCUIA) through two 3-5
cm2 carbon electrodes wrapped around the outside edge of
first and second phalanges of each index finger (cathodes
proximal). Skin conductance level (SCL) was monitored as
described previously.32

1397

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.49.12.1397 on 1 D
ecem

ber 1986. D
ow

nloaded from
 

http://jnnp.bmj.com/


1398
Transcutaneous electrical nerve stimulation
Transcutaneous electrical nerve stimulation was applied
unilaterally over the median nerve at the wrist through two
6-6 cm2 carbon electrodes 1-5 cm apart, with a flexible earth
band electrode applied to the upper forearm. Stimulation
frequency was 100 Hz, pulse width 200 ps. Three minutes
were allowed with re-adjustment of current intensity every
30 seconds to approach an initial subjective plateau before
recording the first SEP during treatment and transcutaneous
electrical nerve stimulation was re-adjusted between SEPs to
the subjective criterion "strong but comfortable". Con-
sequently, a gradual rise in transcutaneous electrical nerve
stimulation current occurred from initiation (9 8 + 4-3 mA)
to cessation (I 1 9 + 5 6 mA) of treatment.
The following procedure was used to provide a control

with sham transcutaneous electrical nerve stimulation. In
the sham transcutaneous electrical nerve stimulation group,
the stimulus was applied initially as for the active treatment
group. The current level was then slowly reduced to zero
over 30 s and the subject informed: "Subjective fading of
transcutaneous electrical nerve stimulation is a common
phenomenon and, even if you cannot definitely feel the
transcutaneous electrical nerve stimulation, it will be having
an effect". At the equivalent time when transcutaneous elec-
trical nerve stimulation was switched-off for subjects in the
real transcutaneous electrical nerve stimulation group, sham
stimuli subjects were informed: "I am now switching the
transcutaneous electrical nerve stimulation off, although you
may not feel any definite change".

Sensory and pain threshold
Sensory detection and pain thresholds for the right and left
index fingers were determined with 3 Hz stimuli at the same
stimulus pulse-width parameters and through the same
electrodes used for eliciting SEPs. These thresholds were
determined by the method of limits, the average being taken
of six or more observations. The subject was asked to state
when stimuli of increasing current intensity became
noticeable (detection threshold) and "definitely" painful
(pain threshold).

Subjective intensity rating scales and personality
questionnaires

Subjects rated the intensity of stimuli on a 100 mm visual
analogue rating scale in which at 0 = imperceptible
(detection threshold), 100 = painful (pain threshold). The
short-form Sensation Seeking Scale (SSS)33 derived and
adapted from Zuckerman's34 SSS version 4, and the
Eysenck Personality Questionnaire (EPQ)3" were adminis-
tered.
Procedure
Subjects were 26 young, healthy, male and female student
volunteers (20 5 + 1 3 years of age). Each attended the lab-
oratory for a brief familiarisation session and a subsequent
recording session. Subjects sat in a temperature controlled
(21°C) room; communication was by two-way intercom and
observation by a "one-way" window.

Following the first determination of sensory and pain
thresholds, a series of stimuli was given at various intensities
until the stimulus level was reported as "strong and bear-
able" for continuous further stimulation, that is, below pain
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threshold but "uncomfortable" (see "Sensory and Pain
Threshold" above). This procedure was repeated for both
index fingers.
With jaw and tongue relaxed, subjects fixated a dot during

SEP recording. Following each SEP series they completed
an intensity rating scale. During the slow alternating SEP
series, subjects were requested to count silently the stimuli
(the total number of stimuli was randomly varied from 100
to 105, but only the first 100 stimuli, 50 Left and 50 Right,
were used for averaging).
SEP recording followed a fixed 15 min cycle: 200 stimuli

to left index finger, subjective rating, 200 stimuli to right
index finger, subjective rating, 100 slow stimuli presented to
left and right index fingers alternately, subjective ratings.
Five cycles were completed; two cycles before trans-
cutaneous electrical nerve stimulation, two during the stim-
uli and one following cessation of the stimuli. Thresholds
were determined before the first cycle, after the fourth cycle
with transcutaneous electrical nerve stimulation still
switched on, and finally following the fifth cycle. The side of
transcutaneous electrical nerve stimulation treatment (left
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Fig 1 (a) Typical short latency SEPs elicited by shock
stimuli (average of200 trials per trace) to right and left
index fingers, recordedfrom contralateral parietalprojection
areas (stimulus artefact is smaller on the side with earth
band). The subject (C.A.) shows marked unilateral
diminution ofearly SEP by TENS. (b) Typical long latency
SEPs elicited by shock stimuli (average of50 trials per
trace) to right and left indexfingers, recordedfrom the
vertex (stimulus artefact is smaller on the side with earth
band). The subject (A.C.) shows mainly unilateral
diminution during TENS.

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.49.12.1397 on 1 D
ecem

ber 1986. D
ow

nloaded from
 

http://jnnp.bmj.com/


Transcutaneous electrical nerve stimulation produces variable changes in somatosensory evoked potentials 1399
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the time windows 100 to 160 and 160 to 260 ms respectively
and the peak to peak amplitude N130-P200 (pV) scored.
Other components were too variable to identify reliably
across all subjects.
An additional SEP measure was calculated (by computer

from data on magnetic disc). This was Root Mean Square
(RMS),36 the square root of the mean of the squared devi-
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Fig 2 Subjective intensity ratings over time and by side and
by group, ofstimuli used in eliciting early SEPs (a) and late
SEPs (b).

versus right) was randomised between subjects. Sexes were
approximately balanced for side of treatment and for group
("real" versus "sham").

Data analysis
For short latency SEPs, the amplitude of the two most
consistent components, N21 and P27 (fig 1), was scored in
pV as peak maximum (negative) to peak (minimum). For
late SEPs, the components N 130 and P200 were identified in
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Fig 3 Amplitudes over time and by side and by groupfor
early SEPs N21 P27 (a) and late SEPs N130P200 (labelled
NIP2) (b).
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Table I Mean ( ± SD) values ofsubjective intensity ratings and SEP amplitudefor the 5 experimental cycles, recorded on
2 sides in 2 groups ofsubjects, Real or Sham TENS was applied during the 3rd and 4th cycles

Cycle Ist 2nd 3rd 4th 5th

Subjective intensity ratings for early
SEPs (scale units 0-100)

Real TENS TENS side 609 + 91 642 + 113 612 + 174 458 + 240 550 + 174
(n = 13) Control side 590 + 11 1 63 5 + 137 618 + 165 588 + 117 616 + 120

Sham TENS TENS side 614 + 161 661 + 145 608 + 164 547 + 224 544 + 161
(n = 13) Control side 626 + 139 678 + 156 630 + 170 618 + 147 542 + 172

Subjective intensity ratings for late
SEPs (scale units 0-100)

Real TENS TENS side 595 + 103 545 + 113 412 + 207 335 + 219 524 + 161
(n = 13) Control side 57-2 + 15-1 548 + 127 582 + 98 551 + 159 557 + 155

Sham TENS TENS side 56-0 + 13 7 54.6 + 13-1 52.0 + 13-7 52-8 + 16 5 50 8 + 16.1
(n = 13) Control side 59-3 + 13 8 55-2 + 14 8 54 3 + 14-0 56 8 + 13-9 54-8 + 15 4

Early SEP amplitudes (pV)
Real TENS TENS side 219 + 1 22 228 + 1-22 1-64 + 059 1 51 + 074 213 + 1 21

(n = 13) Control side 2 23 + 1 27 2 21 + 1 23 2 55 + 1 32 2 18 + 1 28 2-24 + 1-42
Sham TENS TENS side 205 + 1-11 2-10 + 1-19 207 + 1 11 215 + 121 207 + 129

(n = 13) Control side 195 + 1.19 205 + 121 211 + 104 198 + 104 173 + 076
Late SEP amplitudes (,V)
Real TENS TENS side 14 6 + 10 6 14 1 + 9-8 9.7 + 8 2 8 4 + 6 8 10 2 + 5 8

(n = 13) Control side 141 + 10-9 132 + 87 109 + 9.5 107 + 77 108 + 7.4
Sham TENS TENS side 12 0 + 64 10 6 + 5.1 104 + 60 9.3 + 60 9-5 + 5-6

(n = 13) Control side 12 4 + 6-3 10-6 + 5 6 10-2 + 5 3 9 0 + 4.3 9 0 + 5 1

TENS = transcutaneous electrical nerve stimulation.

ation ol the waveform from the baseline as calculated from
the mean of all data points lying between the time windows:
35 to 250 ms and 35 to 500 ms (the results are in units where
RMS pV = 16 units). In order to reduce any high frequency
bias, the traces were automatically subjected to five passes of
3-point smoothing before RMS analysis.

Results

Personality Scores
Mean + SD personality scores were similar to
Student norms33 35 (SS = 7 0 + 7-7, P = 48 + 2-9,
E=162 + 37, N=10*1 + 59, L=35 ± 19)
although Sensation-Seeking (SS), Psychoticism (P)
and Extraversion (E) scores were on the higher side of
the range.

Statistical analysis
Analysis of variance for repeated measures
(BMDP2V) was carried out on all data, where:
".group" refers to the two groups "Real trans-
cutaneous electrical nerve stimulation" and "Sham
transcutaneous electrical nerve stimulation"; "side"
refers to the two sides "transcutaneous electrical
nerve stimulation side" and "control side"; "time"
refers to the five repeated experimental cycles except
in the case of detection and pain thresholds where
only three sets of measurements were taken, pre-,
during, post-transcutaneous electrical nerve stimu-
lation. The probabilities for within-subject effects and
interactions are conservative Greenhouse-Geisser
corrected values, (that is, reduced for possible
inflation by repeated measures, noted as "GG-corr"
where relevant.

Correlations (Pearson) between sides and for cycle
1 with cycle 2 were high, confirming that the measures
were consistent between side and reliable upon re-test.

Early SEPs
Early SEPs were recorded over the contralateral
projection area of the hand being stimulated, that is,
C3' for right hand finger stimulation and C4' for left
hand finger stimulation. Typical traces are shown in
fig la. ANOVA for N21P27 amplitude showed no
significant main effects for group, side or time. There
were marginal interactions for side x group (F = 3 8,
df = 1,24, 005 < p < 0 10) and time x group
(F = 24, df = 4,96, 0-05 < p < 0-10, GG-corr). The
interactions for side x time (F = 5-8, df = 4,96, p <
001, GG-corr) and side x time x group (F = 3.7,
df = 4,96, p < 005, GG-corr) were significant.
Examination of the means (table 1, fig 3a) indicated
that the source of these interactions was a consid-
erable fall in amplitude of early SEPs elicited from the
hand being treated with real transcutaneous electrical
nerve stimulation, during the application of real
stimuli, and a transient increase in amplitude of early
SEP elicited by stimulation of the control side in this
group. This transient rise (third experimental cycle,
see fig 3a) was not only significant compared to
the real transcutaneous electrical nerve stimulation
treatment side but also compared to the preceding
pre-treatment control side SEP amplitude (paired
t = 2-42, df = 12; two-tailed p < 0 05).

Late SEPs
Typical long latency SEPs (vertex recorded) are
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Transcutaneous electrical nerve stimulation produces variable changes in somatosensory evoked potentials 1401
shown in fig lb. ANOVA for NI 30P200 amplitude of
late SEPs showed a highly significant main effect for
time (F = 13 4, df = 4,96, p < 0-00001, GG-corr),
but no significant main effects for groups or side.
There were no significant interactions for side x
group, time x group or side x time. However the
side x time x group interaction was marginally
significant (F = 2-4, df = 4,96, 0-05 < p < 0 10, GG-
corr). In order to define this effect more clearly, the
ANOVA was repeated using the mean data for the
two pre-treatment and two during-treatment cycles.
As before, the effect for time was highly significant
(F = 32-4, df = 1,24, p < 0-00001) and the effects for
side, for group, for side x group and for side x time
non-significant. However the interactions for time x
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Fig 4 Root Mean Square (RMS) amplitudes ofSEPs over
time and by side and by groupfor RMS time window 35-250
ms (a) and RMS time window 35-500 ms. (b).

group were significant (F = 5.3, df = 1,24, p < 0.05)
and side x time x group (F = 6-8, df = 1,24, p <
0.05). These significant effects and interactions sug-
gested, from examination of the means (fig 3b,
table 1), that real transcutaneous electrical nerve
stimulation produced a reduction in the late SEP
amplitude during treatment, that was greatest for late
SEPs elicited from the hand receiving transcutaneous
electrical nerve stimulation treatment but with some
reduction of late SEPs elicited from the control side
as well. The general time-related reduction in
N130P200 SEP amplitude over the course of the
five experimental cycles perhaps reflected habituation
to the eliciting stimuli.

Calculated SEP measures
Changes in the root mean square (RMS) measures of
the SEP are plotted in fig 4. ANOVA of RMS
(35-250ms) revealed significant effects only for time
(F = 10-2, df = 4,96, p < 0-001, GG-corr) and a mar-
ginal interaction for side x time x group (F = 2-2,
df = 4,96, 0-10 > 0-05, GG-corr). Consideration of
the means indicated that the time-related effect was
due to a decline in RMS over the five experimental
cycles. The marginally significant side x time x
group effect was due to the relative decline in RMS on
the side with real transcutaneous electrical nerve
stimulation, during real transcutaneous electrical
nerve stimulation, followed by a recovery on
switching-off real transcutaneous electrical nerve
stimulation.
ANOVA ofRMS (35-500 ms) produced significant

effects for time (F = 24-9, df = 4,96, p < 0-00001,
GG-corr), for side x group (F = 4.9, df = 1,24, p <
005) and for side x time x group (F = 3-8,
df = 4,96, p < 0-01, GG-corr). Effects for group and
side x time were non-significant. The time x group
interaction just failed significance after application of
Greenhouse-Geisser correction. Consideration of the
means indicated that these significant effects and
interactions were due to an overall time-related
decline in RMS (35-500 ms) and a reduction of SEPs
elicited from the hand treated with real trans-
cutaneous electrical nerve stimulation, during the
application of real transcutaneous electrical nerve
stimulation.

SEP latencies
Mean latencies of SEP components were as follows:
N21: 21-3 + 1-0 ms, P27: 27-6 + 2-7 ms, N130: 125-0
+ 28-7 ms, P200: 212-4 + 55-3 ms. ANOVA of laten-
cies of early and late SEP components revealed no
significant main effects or interactions.

Subjective intensity ratings
ANOVA for subjective intensity ratings of stimuli for
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Table 2 Detection andpain thresholds (mA) (± SD) by time and treatment group (n = 13, 13 Real; n = 13, 13 Sham)

Time period Pre During Post

Detection thresholds (mA)
Real TENS TENS side 3 0 + 1 8 6-1 + 3-0 3 9 + 1.5

Control side 31 + 18 35 + 15 32 + 18
Sham TENS TENS side 35 + 18 40 + 23 46 + 28

Control side 31 + 19 36 + 26 39 + 27
Pain thresholds (mA)
Real TENS TENS side 15 2 + 5-5 16 9 + 3-8 16 3 + 3 7

Control side 14 5 + 41 15 7 + 2-5 15 8 + 2-2
Sham TENS TENS side 171 + 56 192 + 48 202 + 52

Control side 16 2 + 6 3 18-1 + 64 18 6 + 6-5

early SEPs produced a highly significant main effect
for time (F = 6-5, df = 4,96, p < 0 001, GG-corr), a
marginal effect for side (F = 3-7, df = 1,24, 0 05 < p
< 010) and no significant effect for group. The inter-
action for side x time was significant (F = 40,
df = 4,96, p < 0 05, GG-corr) but interactions for
side x group, for time x group and time x group x
side were non-significant. Examination of means
(table 1) indicated that these effects were due to small
time-related changes in subjective intensity rating,
although these were not systematic enough to term
them habituation and a (marginal) tendency for the
intensity of stimuli to be rated as less on the treatment
side following real- or sham-transcutaneous electrical
nerve stimulation. The lowest mean intensity rating
was on the hand treated with real transcutaneous
electrical nerve stimulation during application of
transcutaneous electrical nerve stimulation and, when
tested separately, this achieved significance (4th
experimental cycle, fig 2a).
The ANOVA for subjective intensity ratings of

stimuli used to elicit late SEPs produced a series of
significant effects. The main effects and interactions,
for time (F = 40, df = 4,96, p < 005, GG-corr),
side (F = 121, df= 1,24, p <0-01), side x time
(F = 10 3, df = 4,96, p < 0001, GG-corr), side x
time x group (F = 8-6, df = 4,96, p <0 001, GG-
corr) were significant, although the interactions for
time x group and side x group were non-significant.
Examinations of means (table 1, fig 2b) indicated that
although there was a small tendency for the stimuli to
be rated as less intense over the five successive experi-
mental cycles, the source of the highly significant
interactions was the large reduction in subjective
intensity of the stimuli on the real-transcutaneous
electrical nerve stimulation treated hand during trans-
cutaneous electrical nerve stimulation application.

Skin conductance level (SCL)
ANOVA for SCL data (in log ymhos) over the five
experimental cycles plus the initial pre-SEP stimula-
tion baseline showed no significant effects for trans-
cutaneous electrical nerve stimulation and for brevity
the data are not presented.

Sensory detection threshold
ANOVA of sensory detection threshold revealed no
significant effects for group and side x group inter-
actions. However, significant effects occurred for time
(F = 13 2, df = 2,48, p < 0 00001, GG-corr), for
time x group (F = 7-5, df= 2,48, p < 0-01, GG-
corr), for time x side (F = 9.7, df = 2,48, p < 0 001,
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Fig 5 Individual differences in response to real TENS of the
early SEP N21P27. Lower case letters identify individual
subjects responsesfrom side with TENS at 100 Hz and from
corresponding opposite control side.
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Transcutaneous electrical nerve stimulation produces variable changes in somatosensory evoked potentials 1403
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Fig 6 Relationship between baseline pain threshold
(pre-TENS) and change in pain threshold (during TENS
minus baseline) for subjects treated with real TENS. Filled
circles: side ofTENS application; open circles: control side;
very similar regression lines are shown for both sides.
(r = - 73, - 79, TENS and control sides respectively; p
< 0-01, df = 11, 2-tailedfor both).

GG-corr) and for time x side x group (F = 9.5,
df = 2,48, p < 0-0001, GG-corr). Examination of the
means (table 2) indicated that the source of these
effects was the tendency for detection threshold to
increase slightly over time in all groups and, more
importantly, the large rise in detection threshold on
the hand treated with real transcutaneous electrical
nerve stimulation during transcutaneous electrical
nerve stimulation application.

Pain threshold
ANOVA of pain threshold showed no significant
interactions or main effects apart from a significant
effect of time (F = 7 5, df = 2,48, p < 0-01, GG-
corr). The source of this effect was the increase over
time of pain threshold in both groups (table 2).
Although transcutaneous electrical nerve stimulation
did not alter mean pain threshold, there was a

significant correlation between initial pain threshold
and transcutaneous electrical nerve stimulation effect
(see below: Correlations).

Correlations
There was a striking positive correlation between pre-

treatment SEP amplitude and magnitude of real
transcutaneous electrical nerve stimulation-induced
reduction of the SEP. This applied to both early and
late SEPs (baseline x real transcutaneous electrical

nerve stimulation-induced reduction, for early SEPs,
r= +0-88, df= 11, p < 0-001; for late SEPs,
r = +0 80, df= 11, p < 0-001, 2-tailed). Individual
differences in early SEP magnitude are illustrated in
fig 5.

There was also a highly significant and systematic
relationship between baseline pain threshold and
response to transcutaneous electrical nerve stimu-
lation (fig 6). Individuals with low baseline pain
thresholds showed increases in pain threshold during
transcutaneous electrical nerve stimulation, whereas
individuals with high baseline pain thresholds showed
small decreases. This relationship was most marked
for the real transcutaneous electrical nerve stimu-
lation group but was not localised with respect to side
of treatment. The baseline pain threshold x change
in pain threshold correlations were: real trans-
cutaneous electrical nerve stimulation hand
r = -0-73, p < 0-01, control hand r = -0 79, p <
0-01; sham transcutaneous electrical nerve stimu-
lation hand r = -0-58, p < 0 05, control hand
r = -0-23, p = ns; 2-tailed, df = 11 in all cases.

Finally, a number of other interrelationships,
although non-significant, indicated that real trans-
cutaneous electrical nerve stimulation-induced
elevation of detection threshold covaried with reduc-
tion of early SEP (r = 0 46, df = 11, p = NS) but not
with reduction of late SEP (r = - 0-09, df= 11,
p = NS). Greater real transcutaneous electrical nerve
stimulation-induced reduction in late SEP magnitude
correlated non-significantly with greater reduction in
self-rated intensity of the stimuli (r = 0-3 1, df = 11,
p = NS). Thus, subjective report and objective
measurement (SEP) showed parallel changes, both in
terms of mean changes as a function of treatment and
in terms of the correlations reported above.

Discussion

This investigation showed that transcutaneous elec-
trical nerve stimulation produced a significant reduc-
tion in amplitude of both early and late components
of the SEP and that the changes were localised, being
largely confined to SEPs generated from the hand
treated with real transcutaneous electrical nerve stim-
ulation. These findings differ from those reported by
Francini et al23 who found no effect of 50 Hz trans-
cutaneous electrical nerve stimulation on early SEPs
but a generalised, bilateral reduction in late SEP
amplitude. These authors suggested that the effects
were due to a disrupting effect of transcutaneous elec-
trical nerve stimulation on general sensory
integration/attentional mechanisms. Such general
mechanisms are unlikely to explain the present results
since the effects were localised and the early com-
ponents, which are less susceptible to changes in
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attention,37 were affected as well as the late com-
ponents. It is possible that the relatively intense,
"uncomfortable", nature of the stimuli and the con-
trol of the subject's attention by requiring them to
count the stimuli may have reduced generalised effects
on the attentional process in the present study.
With regard to the early SEP, there is evidence that,

for electrical stimulation of the hand, the initial scalp-
recorded negative component with a post-stimulus
latency around 20 ms (N21 in the present study)
signifies the first cortical representation of afferent
activity.38 39 Mean peripheral conduction velocity for
electrical stimulation of the hand is 71 m/s,40 indi-
cating that such information is carried in fast A beta
afferents.4' Late SEP components, with a latency
between 100 and 300 ms (N1 30 P200 in the present
study) probably represent the subsequent cortical
processing of information from A beta and A delta
fibres.42 The observed, mainly unilateral, diminution
in early and late SEPs by transcutaneous electrical
nerve stimulation therefore suggests that the pro-
cedure disrupted, at some point during its passage to
the cortex, the sensory information conveyed from A
beta and A delta fibres.
The site of this action does not appear to be periph-

eral since, in separate experiments on a few subjects,
recordings of evoked potentials from nerve at the
elbow produced by electrical stimulation of the finger
showed no attenuation during application of trans-
cutaneous electrical nerve stimulation. The effects
could have been due to changes at spinal, subcortical
or cortical levels or to a combination of changes at
several levels of neural organisation. Transcutaneous
electrical nerve stimulation also produced some
effects on SEP responses elicited from the non-treated
(control) side, notably a transient increase in early
SEP amplitude and a slight reduction in late SEPs
(figs 3a, b, 4a, b). These results show that there is no
simple one-to-one relationship between early and late
SEPs and suggest that transcutaneous electrical nerve
stimulation may exert several actions simultaneously
or initiate a chain of secondary events.
Concomitant with the effects on SEPs there was a

significant reduction in subjective rating of stimulus
intensity and an elevation of sensory detection thresh-
old. Both changes were confined to the hand treated
with real transcutaneous electrical nerve stimulation.
These findings are consistent with the SEP changes
indicating disruption of afferent information initiated
by A beta and A delta fibre activity. Although the
stimuli used in the present study were not definitely
painful, they were assessed as "uncomfortable" and
the parallel reduction of both ratings and SEP ampli-
tudes suggests that transcutaneous electrical nerve
stimulation may have interfered with sensory input of
an aversive as well as a purely tactile nature.

Golding, Ashton, Marsh, Thompson

In addition, transcutaneous electrical nerve stimu-
lation produced a biphasic effect on pain threshold,
increasing it if the initial threshold was low and
decreasing it if it was high. Francini et al23 found a
similar biphasic effect of 50 Hz transcutaneous elec-
trical nerve stimulation, depending on initial pain
threshold. In both studies the effects of trans-
cutaneous electrical nerve stimulation on pain thresh-
old were not localised to the side of treatment but
were demonstrable on the opposite side. These
findings, like the SEP effects, suggest a central action
of transcutaneous electrical nerve stimulation. In like
fashion, several psychotropic drugs have been shown
to produce biphasic effects on brain activity in man,
the direction of effect depending on starting state.43 44

Marked individual differences in the various
responses to transcutaneous electrical nerve stimu-
lation were observed in the present study. The
relation between initial pain threshold and pain
threshold response to transcutaneous electrical nerve
stimulation, and the positive correlation between pre-
treatment SEP amplitude and transcutaneous elec-
trical nerve stimulation-induced reduction of both
early and late SEP amplitudes, suggest that both ini-
tial pain threshold and pre-treatment SEP amplitude
may reflect possibly linked factors which determine
response to transcutaneous electrical nerve stimu-
lation. Such relationships may have important clin-
ical implications since equally marked individual
differences in the analgesic response to trans-
cutaneous electrical nerve stimulation occur in
patients with pain. 3-54546 For example, patients
described by Mann46 as "strong reactors" to acu-
puncture may correspond to experimental subjects
with large SEPs and low pain thresholds who are
most sensitive to transcutaneous electrical nerve stim-
ulation. This possibility opens new avenues of
investigation into variation of treatment response
among patients with chronic pain.
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