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Changes of cutaneous sensory thresholds induced by
non-painful transcutaneous electrical nerve stimulation
in normal subjects and in subjects with chronic pain
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SUMMARY Transcutaneous electrical nerve stimulation (TENS) of the nervi cutaneus surae
medialis was applied to 59 healthy subjects and 30 patients suffering from chronic myofascial
pain in one lower limb, with an intensity of current that induced a well tolerated tingling sen-
sation. Each period of stimulation lasted 24 minutes. The thresholds of the tactile, tingling and
painful sensations were tested at fixed intervals before, during and after stimulation. Trains of
constant current square waves in the distribution area of the stimulated nerve (local thresholds)
and in other areas (general thresholds) were used. In all subjects repeated changes of the current
were necessary in order to maintain constant tingling during the first period of TENS (changing
phase); after that few if any changes of the current were necessary (steady phase). There were
changes in thresholds within the territory of the electrically stimulated nerve, and marked
changes elsewhere and generally in the body. In healthy subjects local thresholds increased
during both phases of TENS; general thresholds decreased during the changing phase and in-
creased during the steady phase. After TENS, thresholds showed the same trend as during the
steady phase. Trends of the sensory thresholds during and after TENS differed in different sub-
jects according to their thresholds before TENS. Thresholds did not return to normal for more
than 20 minutes after TENS. In the group of 30 patients there was a significant difference be-
tween thresholds on the two sides of the body. The difference between the two sides was reduced
by TENS. Pain relief induced by TENS may be related to this fact.

Prolonged transcutaneous electrical nerve stimu-
lation (TENS) is widely used to induce hypoalgesia
and pain relief.1'5 On previous occasions we have
observed the best parameters of stimulation for
inducing hypoalgesia to be square waves of 1 ms
at a frequency of 50 Hz with an intensity that
induces a well tolerated tingling sensation."

Sensory changes induced by TENS have been
studied by various methods.3 7-10 Our report
analyses the effects of TENS on sensory thresholds
in normal subjects and in patients with chronic
myofascial pain. We measured sensory thresholds
in the distribution area of the stimulated nerve
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and in all four limbs. In this way we investigated
whether the possible effects of TENS on sensory
thresholds are general, segmental or unilateral.

Previous investigations of pain threshold de-
termined with radiant heat" 12 and of tactile,
tingling and pain thresholds determined with short
trains of electrical stimuli'3 '4 have been carried
out on healthy subjects and on subjects with pain
in one limb. No differences were found between
the right and the left limTbs in normal subjects."' 13
We observed that in most subjects with pain the
sensory thresholds on the painful limb side were
higher or lower than on the opposite side.'2 14
We determined sensory thresholds by electrical

stimuli, for two different purposes: for inducing
a long lasting tingling sensation resulting in hypo-
algesia and pain relief; and for testing sensory
thresholds in different areas of the body using
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Changes of cutaneous sensory thresholds

short electrical pulses. These methods have the
following advantages: they can be easily quanti-
fied and applied to any part of the body surface;
the stimuli normally used do not cause damage
and can therefore be repeated; the sensory
thresholds induced by electrical stimulation are
constant and reproducible.15 Thermal stimuli
(radiant heat) cannot, however, be repeated in
the same skin area at short intervals as this causes
cutaneous hyperalgesia and tissue damage.

Materials and methods

We studied 59 healthy subjects, 37 males and 22
females, between 22 and 48 years of age, and 30
patients, 18 males and 12 females, between 26 and
55 years of age. All patients suffered from non-
articular rheumatism ("fibrositis"),16 with myofascial
pain in one lower limb, with an evident trigger point
at the musculo-tendinous junction of m triceps surae
with the Achilles tendon. None of the patients suffered
from systemic disease, occlusive arterial disease or
neurological disturbance. The experiments were carried
out with the subjects in a comfortable position. Room
temperature was 20-240C. Changes in light intensity
and noise were avoided. After adequate instruction
and training of all subjects, we measured their sensory
thresholds with constant current stimuli applied to
the skin by means of Ag/AgCI/KCI surface electrodes
of 8 mm diameter. The applied stimuli were 20 ms
trains of 1 ms square waves at a frequency of 250 Hz,
repeated every second. Three sensations were induced
on progressively increasing the intensity of the
current: touch, tingling, pain.13 Of these sensations
we evaluated the corresponding thresholds with the
method of limits, that is the intensity of the current
was increased until the subject perceived the sen-
sation, and subsequently decreased until the sensation
disappeared. The threshold was the mean of the value
just above, plus the value just below, the sensation.

Transcutaneous electrical nerve stimulation (TENS)
was applied with Ag/AgCl/KCl surface electrodes
3X7 cm. The cathode was applied over the n cutaneus
surae medialis at the level of the musculo-tendineous
junction of the m triceps surae with the Achilles ten-
don, corresponding to the trigger point area in the
patients, and the anode on the anterior surface of
the leg. In these patients TENS was applied always to
the painful limb. The pulses were constant current
rectangular waves of 1 ms at a frequency of 50 Hz.
Using these parameters, stimulation induced a well-
tolerated tingling sensation and a good level of
analgesia.6 The subjects felt tingling throughout the
whole posterior surface of the leg distal to the elec-
trode. During TENS, the intensity of the current was
changed in order to maintain the tingling sensation
constant; the application lasted 24 minutes.

Sensory thresholds were measured: (1) in the distri-
bution area of the stimulated nerve, that is on the leg
10 cm distally to the stimulating cathode: local
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thresholds; (2) outside the distribution area, that is on
the anterior surface of both legs and on the volar
surface of both forearms: general thresholds. The
sensory threshold tests were repeated every 4 min,
three times immediately before TENS, during TENS
and for 20 min after TENS. At this point we termi-
nated the test to avoid mental fatigue in the subjects.
The subjects were also able to feel the tingling sen-

sation in the threshold test during TENS because the
tingling induced by TENS at a frequency of 50 Hz is
gross, while that induced for threshold determination
at a frequency of 250 Hz is fine. Patients took no
analgesics during the week preceding the tests.

Results

Normal subjects
Subjects were divided into three groups on the
basis of the mean value of the pain threshold in
the lower limbs before TENS: (1) subjects with
pain thresholds below 2 5 mA (low thresholds)
(13 subjects); (2) subjects with pain thresholds
above 2-5 mA and below 3'5 mA (medium
thresholds) (21 subjects); (3) subjects with pain
thresholds above 3 5 mA (high thresholds) (25
subjects). There were no differences between the
left and the right side. Sensory thresholds (except
the tactile threshold in the group with low
thresholds) were higher in the legs than in the
forearms. This finding is similar to our previous
experimental observations on cutaneous pain
threshold, using thermal and electrical stimuli.'3 17

During the first 10 minutes of stimulation, re-
peated increases in the TENS current were necess-
ary to maintain a constant tingling sensation.
These increases were large in the low threshold
group, small in the high threshold group and
intermediate in the medium threshold group. We
call this the "changing" or "unsteady" phase of
TENS. After this phase, few if any changes of the
current were necessary to maintain constant
tingling. We call this the "steady phase" of TENS
(table 1).

Sensory thresholds in the distribution area of
the stimulated nerve (local thresholds) increased
during TENS. The increase induced by TENS was
small during the changing phase and great during
the steady phase. This increase was highest in the
low threshold group and lowest in the high
threshold group. After TENS the local sensory
thresholds decreased but remained significantly
higher than before TENS for 10 min (fig 1;
table 1).

Sensory thresholds outside the distribution area
of the stimulated nerve (general thresholds) de-
creased during the changing phase of TENS. The
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Table 1 Changes of sensory thresholds related to TENS in healthy subjects

Low thresholds (13) Medium thresholds (21) High thresholds (25)

Ipsi Contra Jpsi Contra Ipsi Contra

A: General Fore-arm 4TaTh -9±2 -9±3 -38±3 -39±3 -62±2 -64±3
Changing thresholds ATiTh -9±2 -8±2 -36±3 -37± 3 -57±2 -56±2
phase ofTENS APaTh -10±2 -9±2 -29±3 -29±3 -52±2 -53±3

Leg JTaTh -8±3 -8±4 -34±4 -36±3 -65±2 -63±2
4ITiTh -10±3 -9±3 -37±2 -32±2 -60±3 -57±2
JPaTh -12±4 -13±4 -30±3 -31±2 -55±3 -56±3

Local 4TaTh +18±3 +15±3 +8±2
thresholds 4TiTh +16±3 +11±2 +6±2

APaTh +10±4 +6±3 +3 5±1*
,i1 +200±19 +80±16 +64±17

B: General Forearm dTaTh +28±3 +31±2 -28±1 -26±1 -58±2 -51±2
Steady phase thresholds ATiTh +24±3 +27±3 -27±3 -26±2 -44±3 -43±2
of TENS dPaTh +25±2 +28±1 -18±3 -16±2 -43±2 -40±3

Leg dTaTh +30±3 +33±3 -30±3 -28±2 -58±4 -50±4
4ITiTh +25±2 +30±3 -28±1 -25±1 -45±2 -42±3
APaTh +27±2 +31±2 -18±2 -16±2 -42±3 -38±2

Local 4TaTh +290±15 +130±10 +82±12
thresholds ATiTh +210±10 +100±8 +58±10

APaTh +120±9 +50±10 +28±5
,i +250±20 +100±19 +80±15

C: General Forearm ATaTh +32±4 +32±3 -29±2 -25±3 -60±3 -56±3
AfterlENS thresholds 4TiTh +38±3 +35±4 -26±1 -25±2 -49±4 -45±4

APaTh +38±4 +35±5 -16±1 -14±1 -47±3 -44±3
Leg 4TaTh +32±2 +35±4 -28±3 -26±3 -62±4 -59±4

ATiTh +38±2 +30±1 -25±2 -22±2 -50±3 -45±3
dPaTh +39±7 +31±2 -16±2 -14±2 -45±4 -40±4

Local ATaTh +82±7 +50±5 +20±3
thresholds 4TiTh +71±5 +30±4 +15±1

4IPaTh +55±5 +16±3 +12±2

Mean±SE dThs=(Ths-ThsO/Thso) x 100; 4I=(I--IOIO) x 100.

A: General and local sensory thresholds and current intensity ofTENS
during the changing phase. The sample shown was the change at the
4th min ofTENS.
B: General and local sensory thresholds and current intensity ofTENS
during the steady phase. Figure given is the average of the values
during the last 10 min of TENS.
C: General and local sensory thresholds after TENS. Figure given is
the average of the values during the first 10 min after TENS. General
thresholds determined outside the distribution area of the stimulated
nerve. Local thresholds: thresholds determined in the distribution
number area of the stimulated nerve. In brackets: number of subjects.
Ipsi =limbs ipsilateral to TENS; Contra =limbs contralateral toTENS;
TaTh=tactile threshold; TiTh=tingling threshold; PaTh=pain thres-
hold. The thresholds are expressed as changes (4Ths) from the values
before TENS (Thso). AI =changes of the intensityofTENS froml0. I, is
the value of the current at which the subjects begin feeling a sharp
tingling sensation. Ths=threshold. * -=not significant.

Fig 1 Changes of sensory thresholds in the
distribution area of the n cutaneus surae medialis
(local threholds) before, during and after TENS in a
healthy subject with medium sensory thresholds
before TENS. TaTh"=tactile threshold; TiTh= tingling
threshold; PaTh=pain threshold. Ordinate: threshold
changes. Tho=average of the values of sensory
thresholds before TENS. Abscissa: time. The heavy
line is the period of TENS.

Thx 100
Tho

I I I .

0 10 20
M inutes

30 40 50

710

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.44.8.708 on 1 A
ugust 1981. D

ow
nloaded from

 

http://jnnp.bmj.com/


Changes of cutaneous sensory thresholds

decrease was slight in subjects with low sensory
thresholds, intermediate in the medium group and
great in subjects with high sensory thresholds.
During the steady phase of TENS, general
thresholds increased until a value was reached
that was higher than before TENS in the group
with low thresholds, and lower than before TENS
in the groups with medium and high thresholds.
After TENS the general thresholds did not
change, showing the same trend as during the
steady phase for at least 20 min (figs 2,3; table 1).
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Patients
We observed a difference between the sensory
thresholds of the patients' painful side and the
opposite side (p<0-001) before TENS. We divided
the patients into two groups: those with lower
sensory thresholds on the affected side (IPSI<
CONTRA, 18 subjects) and those with higher
sensory thresholds on the affected side (IPSI>
CONTRA, 12 subjects). The mean differences
(-SE) between the thresholds of the two sides,
expressed as a percentage of the thresholds of the
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Fig 2 Changes of sensory thresholds outside the distribution area of the stimulated nerve in
the four limbs (general thresholds) before, during and after TENS to the right lower limb of a

healthy subject with low thresholds before TENS. TaTh, TiTh, PaTh: as in fig 1. Ordinate:
changes of sensory thresholds. Tho is the mean value in the right lower limb before TENS.
Abscissa: time. The heavy line is the period of TENS.
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Fig 3 Changes of sensory thresholds outside the distribution area of the stimulated nerve in
the four limbs (general thresholds) before, during and after TENS to the right lower limb of a
healthy subject with high thresholds before TENS. Symbols as in fig 2.

affected side, were the following: (1) subjects with
lower thresholds in the affected side: forearm:
tactile threshold: -35 (+4); tingling threshold:
-46 (+8); pain threshold: -40 (+12); leg: tac-
tile threshold: -48 (+4-5); tingling threshold:
-40 (-+8); pain threshold: -45 (-+i10); (2) sub-
jects with higher thresholds in the affected side:
forearm: tactile threshold: +25 (±5); tingling
threshold: +55 (418); pain threshold: +35
(+12); leg: tactile threshold: +35 (+7); tingling
threshold: +37 (+8); pain threshold: +35 (+112).

In order to maintain the tingling sensation con-

stant, in the subjects with lower thresholds on the
affected side, it was necessary to increase the in-
tensity of the current during the first minutes of
TENS. The current then had to be decreased
because of the onset of unpleasant paraesthesiae
or pain. This first period lasted 10-15 minutes
("changing phase" of TENS). During the remain-

ing part of stimulation, tingling was steady without
relevant changes of the current ("steady phase"
of TENS) (table 2).
During the changing phase of TENS in these

subjects, the local sensory thresholds increased
and then decreased. During the steady phase the
thresholds increased again. Twenty minutes after
TENS the thresholds were still higher than before
TENS (fig 4, table 2). The general sensory
thresholds decreased during the changing phase of
TENS and increased during the steady phase, re-
maining close to the level reached for at least 20
min after TENS (fig 5; table 2).

In the group of subjects with higher thresholds
on the affected side, the intensity of the current
had to be decreased after a few minutes of TENS
because of the onset of unpleasant paraesthesiae
or pain. The current was then increased again as
the unpleasant sensations stopped, and the only
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Changes of cutaneous sensory thresholds 713

Table 2 Changes of sensory thresholds related to TENS in patients

Ipsi < Contra (18) Ipsi>Contra (12)

Ipsi Contra J(I-C) Ipsi Contra 4(1-C)

A: General Forearm 4TaTh -42±5 -16±6 -56±8 -26±6 -26±4 +19±7
Changing thresholds 4TiTh -36±4 -27±5 -55±8 -34±5 -15±6 +36±8
phase of 4PaTh -27±5 -15±5 -52±7 -50±6 -30±6 +15±5
ofTENS Leg dTaTh -22±6 -22±5 -48±8 -30±5 -10±2 +15 ±5

4TiTh -36±7 -30±7 -50±8 -65±7 -20±3 -8±7
DPaTh -32±6 -15±4 -62±7 -50±6 -15±3 0±6

Local 4TaTh +30±8 -4±6
thresholds 4TiTh +40±7 -8±8

4IPaTh +15 ±9 -12±9
41d +180±27 -50±18

B: General Forearm JTaTh +12±4 +20±3 -43±3 -22±4 -10±4 +13±5
Steady thresholds 4TiTh +25 ±5 +12±4 -33±2 -27±4 +5±3 +23±3
phase of 4PaTh +35±4 +25±5 -30±3 -42±3 -15±2 +8±4
TENS Leg 4TaTh +12±3 +5±4 -41±4 -24±4 +5±3 +6±3

ATiTh +20±3 +5±4 -25±4 -54±4 -8±3 -9±4
JPaTh +38±3 +18±3 -35±4 -41±3 +3±4 -9±3

Local 4TaTh +60±8 +25 ±7
thresholds 4TiTh +65 ± 5 + 31±7

4PaTh +31±8 +17±8
41 +62±8 +10±3

C: General Forearm 4TaTh +12±6 -5±3 -17±5 -21±5 -12±5 +15 ±4
After thresholds 4TiTh +25 ±5 -5±4 -16±5 -25±4 +8±5 +22±4
TENS 4PaTh +35±6 +20±3 -25±5 -40±5 -12±6 + 7±5

4TaTh +10±5 -12±4 -26±6 -25±6 +5 ±4 +5±4
ATiTh +25±4 -18±4 +8±4 -55±4 -7±3 -11±3

Leg 4PaTh +35 ±5 -1±3 -9±3 -45±5 +1 ±3 -1 1 ±2
Local ATaTh +40±12 +14±11
thresholds 4TiTh +50±10 +12±8

JPaTh +25 ±9 +3±7

Mean±SE dThs=(Ths-Ths0/Ths,) x 100; 4(l-C)=[Tns (lpsi)-Ths (Contra)/Ths(lps)] x 100;) 4I=(I-I,/I0) x 100.

4: General and local sensory thresnolds and current intensity of TENS during the changing phase. The sample shown was the change at the 4th
min of TENS.
B: General and local sensory thresholds and current intensity of TENS during the steady pnase. Figure given is the average of the values during
the last 10 min of TENS.
C: General and local sensory thresholds after TENS. Figure given is tne average of the values during the first 10 min after TENS.
Ipsi <Contra: subjects with sensory thresholds on the pain side (ipsi) lower than on the opposite side (Contra). Ipsi > Contra:
subjects with higher sensory tI resholds on the pain side than on the opposite side. In brackets: number of subjects. TENS was always applied
to the painful leg. Thresholds are expressed as changes (4Ths) from the values before TENS (Thso). DI=changes of the intensity of TENS from
lo. Io is the value of current at which the subjects begin feeling a sharp tingling sensation. J(1-C): difference between the sensory thresholds
on the pain side and the sensory thresnolds on the opposite side. Other abbreviations as in table 1.
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Fig 4 Changes of sensory thresholds in the
distributicn area of the n cutaneus surae medialis
(local thresholds) in a patient wilh lower sensory
thresholds in the side ipsilateral to the affected limb.
The affected limb was the right lower limb, where
TENS was applied. Symbols as in fig 1.
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Fig 5 Changes of sensory thresholds in the four limbs (general thresholds) in the same subject
as fig 4. Symbols as in fig 2.
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Fig 7 Changes of sensory thresholds in the four limbs (general thresholds) in the same
subject as fig 6. Symbols as in fig 2.

remaining sensation was an almost imperceptible
tingling (changing phase of TENS: first 10-14
min). The intensity of the current during the last
minutes of TENS (steady phase of TENS) was
close to the value at which subjects began feeling
a sharp tingling (table 2).

Local sensory thresholds showed no significant
changes during the changing phase. During the
steady phase the increase was lower than in the
group with lower thresholds in the affected side.
The values of the thresholds returned close to the
values observed before TENS within 10 minutes
after TENS (fig 6, table 2). General sensory
thresholds showed a sharp decrease on the affected
side and remained unchanged until the end of the
experiment (fig 7, table 2).

Discussion

We have distinguished two phases during TENS:
the changing phase, during which the intensity of
TENS must be changed in order to cause a con-

stant degree of tingling; and the steady phase,
during which a constant intensity of stimulation
causes a constant degree of tingling. As expected,

TENS induces changes in sensory thresholds with-
in the territory of the stimulated nerve, and it
also induces changes in thresholds throughout the
body.

In TENS, the interval between two pulses is
20 ms, which is over 20 times the absolute re-
fractory period of large myelinated fibres. The
amplitude of the compound action potential be-
gins decreasing only when the interval between
two stimuli is less than three times the refractory
period; the conduction-time decreases when the
interval is less than four times the refractory
period. Thus, in our experimental conditions com-
plete recovery of function of large diameter fibres
occurs.18 For this reason the changes of the sen-
sations induced by TENS are not due to a direct
effect on nerve fibres.
A relationship was observed between local and

general effects on sensory thresholds: the increase
in local thresholds was higher when a concomitant
increase in general thresholds was present, but the
increase in local thresholds was lower when the
general thresholds decreased. TENS induces an
increase of local thresholds probably acting both
at the periphery and centrally.
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The peripheral mechanisms in large diameter
fibres (A,8) may be a collision between the anti-
dromic pulses generated by TENS and the ortho-
dromic pulses that occur during the determination
of tactile and tingling thresholds. During TENS
50 action potentials per second flow in large fibres
with an interval between pulses of 20 ms; the
determination of thresholds was carried out with
pulses at a frequency of 250 Hz and therefore the
interval between two pulses is 4 ms. Considering
the action potential and the absolute refractory
period of A,8 fibres,19 20 we can deduce that 0-2
action potentials out of six collide and extinguish.
Peripheral mechanisms of inhibition on small
diameter fibres, if present, are of little importance,
because TENS with the parameters which we used
mainly stimulates large fibres.
As regards the general thresholds outside the

distribution area of the stimulated nerve, the
effects of TENS may be excitatory or inhibitory.
During the changing phase a general excitatory
condition which causes lowering of the thresholds
is prevalent in all subjects. This condition is prob-
ably due to a central excitatory state. During the
steady phase the threshold trend is related to the
values observed before TENS. In normal subjects
with high thresholds, a slight excitatory state re-
mains, so that the thresholds do not reach the
values observed before TENS; in subjects with
low thresholds, an inhibitory state is prevalent, so
that the thresholds become higher than before
TENS.

In the patients we noted a difference in the
sensory thresholds of the two sides of the body
before TENS. The side with chronic pain showed
higher or lower thresholds than the opposite side.
In these patients, as in normal subjects, the gen-
eral thresholds showed different patterns according
to the values observed before TENS. When the
thresholds were higher on the painful side, the
thresholds decreased during the changing phase,
and remained at a low level. However, when the
thresholds before TENS were lower on the pain-
ful side, after a decrease in the changing phase,
the thresholds strongly increased during the steady
phase. After TENS, the threshold difference be-
tween the two sides of the body ("lateralisation")
was reduced. As a consequence, patients'
thresholds became more similar to those of the
normal subjects than before TENS. Pain relief
induced by TENS may be related to this fact.

The authors thank Dr PW Nathan for his helpful
criticism.
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