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Abstract

Gender differences in pain perception have been frequently discussed, but the documented gender-related pain-alleviating effects of non-
pharmacological methods are sparse. In this study we aimed to investigate changes in electrical sensory thresholds and electrical pain thresholds,
in response to high frequency transcutaneous electrical nerve stimulation, TENS, for 20 min in healthy women (n= 29) and men (n= 29).
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he thresholds were assessed pre-, during-, and post-TENS. The pattern of change in thresholds was evaluated with a rank-bas
ethod regarding the level of systematic change, expressed as relative position (RP) and additional individual changes, expresse

ank variance (RV), with its 95% confidence intervals. Equal levels of systematic changes towards increased electrical sensory
ere seen in women and men post-TENS (RP, 0.35; 95% CI, 0.07, 0.63, and RP, 0.36; 95% CI, 0.17, 0.53, respectively). At the
f time, systematic changes towards increased electrical pain thresholds were only seen in women (RP, 0.43; 95% CI, 0.27, 0.60)
ere unchanged in men (RP,−0.01; 95% CI,−0.13, 0.10). Significant additional individual variations were found in the women’s resp
f assessed electrical sensory and pain thresholds but not in the men’s. It is concluded that both women and men responded with

ncrease of the electrical sensory threshold to high frequency TENS, but only women responded with increase of the electrical pain
he individual variation of the responses was greater in the women than in the men.
2004 Elsevier Ireland Ltd. All rights reserved.
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ifferent perceptions of nociceptive stimuli in women and
en have long been the subject of speculation and inves-

igation. In women, painful experimental stimuli are gen-
rally reported with signs of greater sensitivity, such as

ower pain threshold as compared to men[11,28]. Also,
linical pain are often reported differently with higher
everity and frequency, longer duration, and present in a
reater number of body regions in women as compared to
en[6,34].
The mechanisms underlying these differences are still un-

lear[29,34]. The proposed influencing factors, such as bio-
ogical [1,2,6,33]as well as psychological and psychosocial
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factors[10], could all contribute to the different pain perc
tions.

Varied responses to pharmacological pain-alleviatio
women and men have been reported[4] and were demon
strated by Gear and collaborators[12–14] when opioids
mainly acting at the�-receptor, were prescribed to patie
with postoperative oral pain. Although non-pharmacolog
alternatives such as transcutaneous electrical nerve sti
tion, TENS, are widely used for acute and chronic pain
possibility of gender-related responses has to our knowl
yet not been investigated.

Hypoalgesia induced by TENS is based on endoge
pain inhibitory control and attributed to the inhibited pro
gation of pain-impulses in the dorsal horn at the spinal
level following the electrical stimulation of myelinated
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ferent nerve fibres[17]. The induced effects are often docu-
mented as increased pain thresholds in healthy subjects and
patients in pain[7,36]as well as inhibition of perception and
processing of pain[32].

Documentation of gender differences in responses to
TENS, by assessed sensory and pain thresholds does not to
our knowledge exist. Therefore, the aim of this study was
to evaluate the changes in electrocutaneous sensory and pain
thresholds following TENS with high frequency, 80 Hz, in
healthy women and men.

Healthy women and men, students of the physiotherapy
program at the Karolinska Institutet were recruited to the
study. The experiments were conducted in accordance with
the declaration of Helsinki and the purpose of the trial was
presented to the subjects who then gave their informed con-
sent to participation. The study protocol was approved by the
ethic committee of the Karolinska Hospital, dnr 01-169.

The main variables were sensory and pain thresholds, eval-
uated by means of electrocutaneous stimulation of one hand.
The assessments of the two thresholds were observed four
times at 10 min intervals—pre-, during- and posttranscuta-
neous electrical nerve stimulation, TENS—30 min in all.

For the threshold assessments, the subjects were instructed
to press the electrodes of the electrical stimulation unit, with
the thumb and second finger of one hand. The first percep-
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against the electrodes. Loads between 0 and 13 k�will secure
the output of 15 mA, while insufficient grip will not produce
any output and loading exceeding 13 k� will not affect the
intended functionality of the threshold assessments.

High frequency TENS, 80 Hz, was used (Cefar Primo
stimulator, Cefar Medical AB, Lund, Sweden) with dis-
tributed current in asymmetrical biphasic pulses, 100% com-
pensated, pulse duration of 180�s and available amplitude of
0–60 mA. Carbon electrodes,∼12 cm2 coated with conduct-
ing gel, were fixed to the skin at the medial dorsal side of one
forearm, i.e. the same side as for threshold assessments, and
connected to the TENS unit. The negative electrode (cathode)
was positioned 5 cm distal to the elbow joint and the posi-
tive electrode (anode) 5 cm proximal to the wrist joint, i.e.
intra-segmental (dermatome C6–8) to the electrical thresh-
old assessments. The current amplitude of the TENS was in-
creased until a sensation just below unpleasantness was felt
and without muscle contraction, representing approximately
two to three times the perceived sensory detection level in-
duced by TENS (∼7–15 mA). The subjects were instructed to
maintain this level and to adjust the intensity level in case of
adaptation, perceived as a decrease, during the TENS period.
When assessing thresholds during stimulation, the current of
the TENS unit was temporarily cut off.

The mean value and standard deviation (S.D.) were calcu-
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a the
n tion
o ased
o s in
s es as
i r plots
f ctrical
p sed,
u econd
o rvals
( dent
g

ds be-
t non-
p
d s of
s ional
i tem-
a used
[

istri-
b plots.
T posi-
t esti-
m ns,
b values
r from
− olds
o ative
R

ion of a pricking sensation was interpreted as the elec
ensory threshold, and the subjects were told to releas
ngers. To assess the electrical pain threshold, the su
ere told to press the electrodes and not release the finge

il the pricking sensation altered to the first sensation of p
he threshold values at the respective levels were auto

cally recorded immediately after the fingers were rele
rom the electrodes, but were not divulged to the sub
ntil afterwards, making them blind to the ongoing ass
ents. The stimulation equipment was stated as safe in
ue to its construction, it would not cause tissue dama
ny level. Prior to the trial, the subjects tried out the thr
ld assessments three to four times in order to familia

hemselves with the procedures.
The threshold assessment procedure (PainMatcher®, Ce-

ar Medical AB, Sweden) is based on non-invasive elec
utaneous stimulation of the skin of one hand, designe
linical pain evaluation of assessing thresholds for sen
etection and pain. The procedure has earlier been show

iable in test of reliability in healthy female volunteers a
atients in pain[22]. The threshold assessment unit is mic
rocessor controlled and the generated current is distri
ith a monophasic rectangular pulse of 15 mA and 1
t random velocity. The output intensity increases by gr
lly widening the pulse duration in steps of 4�s to a maxi
um of 396�s, i.e. in a total of 99 steps. The assessed v

anging from 1 to 99, relates directly to the output, whe
orresponds to pulse duration of 4�s and 99 corresponds
96�s. The maximum electrical charge per pulse is 5.9�C.
he contact surface area, and hence the resulting curren
ity, is ensured by a certain load of minimum finger pres
-

-

ated for age and the threshold assessments were pre
s the median and range (minimum to maximum) for
umerical units of the PainMatcher (PM) values. Evalua
f change in electrical sensory and pain thresholds, is b
n pairs of ordinal individual data shown as PM value
quare contingency tables for data ranging over few valu
n assessed electrical sensory thresholds, and in scatte
or data ranging over more values as in assessed ele
ain thresholds. The proportions of subjects with increa
nchanged, and decreased threshold values on the s
ccasion were calculated, as the 95% confidence inte
95% CI) were, in proportions between the two indepen
roups.

The hypotheses of no change in assessed threshol
ween pre-TENS and post-TENS were analyzed by the
arametric sign test with correction for continuity[3]. In or-
er to further evaluate and describe the change in term
ystematic change in common for the group and addit
ndividual variations in change, not explained by the sys
tic change, a non-parametric rank-based method was

30,31].
A systematic change appears as different marginal d

utions of assessments in the contingency tables and
he measure of systematic change in position, relative

ion (RP), was calculated as the difference between the
ated probabilities of the first set of marginal distributio
eing shifted towards decreased and towards increased
elative to the second set. Possible values of RP range
1 to 1. A positive RP value indicates increased thresh
n the second occasion and the contrary holds for the neg
P values.
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A presence of systematic change was illustrated by plot-
ting the two sets of cumulative proportions of the marginal
distributions against each other. A non-zero RP value means
that this so called ROC curve deviates from the diagonal. The
more the ROC curve is deviated, the more systematic change
in subjective assessments is present. A systematic change to-
wards increased thresholds, positive RP, is evident by a ROC
curve below the main diagonal.

A presence of individual variation in change, that could
not entirely be explained by a systematic change, is evident
from dispersed pairs of observations in the contingency tables
of electrical sensory thresholds or in the scatter plots of elec-
trical pain thresholds data. The relative rank variance (RV),
expresses this individual variation, and ranges from 0 to 1.
The higher the values of RV, the more dispersed the observa-
tions[31]. The evaluation of the systematic changes reflects
the treatment efficacy on the entire group. Strong evidences
of additional individual changes, high RV values, indicate
that individually designed interventions would be preferable.

STATISTICA 6.0 was used to calculate descriptive statis-
tics. The software package SYSRAN 1.0 for Matlab 6 was
used to calculate the measures of RP and RV, and their corre-
sponding 95% confidence intervals, CI. Ap-value less than
0.05 was regarded as significant.
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Fig. 1. Median PainMatcher values of assessed electrical sensory threshold,
EST, and electrical pain threshold, EPT, in response to transcutaneous elec-
trical nerve stimulation, TENS, with high frequency. Assessments were ob-
served before (pre-) TENS, EST womenn= 29 and menn= 28, EPT women
n= 29 and menn= 29; during-TENS (TENS 10 min), EST womenn= 29
and menn= 29, EPT womenn= 29 and menn= 29; immediately after TENS
(TENS 20 min), EST womenn= 29 and menn= 27, EPT womenn= 29 and
menn= 28; 10 min after (post) TENS, EST womenn= 25 and menn= 27,
EPT womenn= 27 and menn= 27.

small and negligible in men (RV, 0.05; 95% CI, 0.00, 0.11).
According to the RV values, the variation is related to the
women and not to the men.

The median level of the assessed electrical pain thresholds
for the women were at the different time points 11 (Range:
6–21), 16 (Range: 5–29), 15 (Range: 6–27) and 16 (Range:
6–30). For the men, the corresponding values were 18 (Range:
8–57), 16 (Range: 7–63), 18 (Range: 9–48) and 17 (Range:
8–51) (Fig. 1). Post-TENS, the pain threshold was signif-
icantly changed and had increased in 37 of the 54 (68%)
responding subjects, was unchanged in 5 of 54 (9%) and
had decreased in 12 of 54 (22%),p< 0.001. By separating
the results into women and men, it was shown that the pain
threshold had increased in 23 of the 27 women (85%), was
unchanged in 3 of 27 (11%) and had decreased in 1 of 27
(4%),p< 0.001. Among the men, the pain threshold was not
significantly changed but had increased in 14 of 27 (52%),
was unchanged in 2 of 27 (7%), and had decreased in 11 of
27 individuals (41%),p= 0.69 (Fig. 3a and b). A significantly
greater proportion of women than men increased their pain
threshold values post-TENS, 33% (95% CI, 11%, 57%). This
difference in systematic change between women and men was
confirmed by the RP values, where the RP in women signif-
icantly differed from zero (RP, 0.43; 95% CI, 0.27, 0.60;
and RP,−0.01; 95% CI,−0.13, 0.10, respectively). The cor-
r e in
s se to
t

owed
a %
ean ages of 27.7 years (S.D.: 6.8) and 27.8 years (S.D
articipated in this study. Some of the participant’s did
ocument all assessments.

The median levels (Range) given as PM values of th
essed electrical sensory thresholds pre-, during-, and
ENS were for the women 3 (Range: 1–6), 4 (Range: 2–
Range: 1–7) and 4 (Range: 1–8). The corresponding l
ere for the men 4 (Range: 2–8), 5 (Range: 2–8), 5 (Ra
–9) and 6 (Range: 3–9) (Fig. 1).

For the whole group, the electrical sensory threshold
es post-TENS increased compared to the pre-TENS
es in 36 of the 52 (69%) documented responses, 9 o
2 (17%) were unchanged, and 7 of the 52 (13%) were
reased,p< 0.001. When evaluating these post-TENS effe
eparated into women and men, the electrical sensory th
lds was increased in 15 of the 25 responding women (6
nchanged in 5 of 25 (20%), and decreased in 5 of 25 (2
t the same point of time the same threshold was incre

n 21 of the 27 men (78%), unchanged in 4 of 27 (15%),
ecreased in 2 of 27 (7%) (Fig. 2a and b). The differenc
etween proportions in women and men with increased

rical sensory thresholds values was−18% (95% CI,−43%,
%).

The further evaluation of this systematic change was
rmed by the measured RP indicating a shift to increa
lectrical sensory thresholds for both women and men
.35; 95% CI, 0.07, 0.63; and RP, 0.36; 95% CI, 0.17, 0
espectively). This is also demonstrated by the two devia
OC-curves (Fig. 2c). In the women, a significant addition

ndividual variability, measured by the RV, was observed
.61; 95% CI, 0.17, 1.00) while this measure was consid
esponding ROC-curves illustrate this gender differenc
ystematic changes in which the curve for the men is clo
he main diagonal (Fig. 3c).

The women’s electrical pain threshold responses sh
n additional significant individual variation (RV, 0.20; 95
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Fig. 2. (a–c) Observed paired assessments in PM values of electrical sensory threshold (EST) before (pre-) compared to 10 min post-TENS. Joint distribution
of EST shown in contingency tables among women,n= 25 (a), and men,n= 27 (b). Tot: total; CP: cumulative proportion. Relative operative characteristic
curve, ROC curve, (c) shows the cumulative proportions of EST in women and men, respectively.

CI, 0.01, 0.39), while the men’s individual variation was con-
sidered as small (RV, 0.09; 95% CI, 0.00, 0.22).

The responses to high frequency TENS in this study
showed a rapid onset of systematical changes towards in-
creased electrical sensory thresholds in both women and men
that were present during the whole observation period. Inter-
estingly, only the women demonstrated a similar systematical
change of their electrical pain thresholds; the men’s remained
unchanged. Besides the women’s responses of systematical
change, their responses also showed a greater individual vari-
ability compared to the men. This sign of heterogeneity in
women could be explained by a spread of their increased
individual responses ranging from 1 to 5 PM values in as-
sessed electrical sensory thresholds, and 1 to 13 PM values
in assessed electrical pain thresholds, with the majority of re-
sponses exceeding an increase of 1 PM in both thresholds. For
the men, the assessed increase of electrical sensory threshold
varied from 1 to 3 PM values with the greater part not exceed-
ing 1 PM value. Furthermore, this variability indicates that
pain-alleviating treatment with TENS would be preferred to
be individually designed.

Another observation was higher sensory and pain thresh-
old in men compared to women at baseline. This gender dif-
ference in pain threshold assessments has been demonstrated
earlier, but was shown to be depending on the type of noxious
stimulus used[21,28].

Although women and men started from different thresh-
olds before TENS, the high frequency TENS induced in-
crease of sensory threshold intra-segmentally related to the
electrical threshold assessments, which could be explained
in both genders by an adaptive adjustment of the peripheral
tissue and or the activity in the afferent neurons.

The observed increase in pain thresholds present for
the women in this study, is in line with previous reports
[19,23,24,27,35]and is generally attributed to the TENS-
induced activation of endogenous pain inhibitory systems,
generally by local spinal mechanisms, according to the gate
control theory. Endogenous opioids, such as dynorphins,
enkephalins and�-endorphins working mainly at the�-, �-,
and�-receptors, respectively, are among the mediators sug-
gested to play a key role in the seen hypoalgesia. Han et al.
[16] reported that patients treated with high frequency TENS
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Fig. 3. (a–c) Observed paired assessments in PM values of electric pain
threshold (EPT) before (pre-) compared to 10 min post-TENS. Joint distri-
bution of EPT shown in scatter-plots among women,n= 25 (a), and men,
n= 27 (b). Relative operative characteristic curve, ROC curve (c) shows the
cumulative proportions of EPT in women and men, respectively.

for 30 min applied to the hand and leg results in an increase
of dynorphin A in the cerebrospinal fluid. The possible re-
lease of dynorphin as a response to electrical stimulation at
high frequency may explain the increased pain thresholds in
women. This suggestion is supported by Gear and collabora-
tors who have reported that female patients with postoperative
oral pain perceived less pain than male patients in response to
�-opioid agonists. The mechanisms of the seen gender differ-
ences of the assessed electrical pain thresholds are not known
but probably due to complex interdependent biological, psy-
chological and psychosocial mechanisms. An interaction of
gonadal hormones with opioid systems may provide a partial
explanation for the reported differences supported by results
from human[5,25,38]as well as animal studies[8,9]. Possi-
bly different gender role expectancies[37] as well as differ-
ences in changed attention could also reflect the changes in
gender-related determined pain thresholds.

A limitation of this study may be the lack of control
for menstrual phase effects. Electrical pain threshold assess-
ments in relation to the menstrual cycle have been reported as
increased during the luteal phase[15] or as unchanged dur-
ing both the follicular and luteal phase of the menstrual cycle
[26]. The latter method, using electrocutaneous stimulation
to one index finger, has similarities with the technique used
by us. It is likely that the effects obtained on pain thresholds
b ases
o

onal
g the
s th this

technique without any sensory stimulation, however, showed
no systematic variability in the assessment of the pain thresh-
old (Lund et al., 2004). It is, therefore, unlikely that the effects
seen following TENS can be attributed to learning effects. If
there would have been a learning effect, one would expect the
thresholds to decrease as part of a learning experience, and
this was not the case. Hence, a group without any stimulation
was not included.

The assessment of electrocutaneous thresholds in healthy
subjects may be an effective tool in experimental pain re-
search as it detects the stature of endogenous pain inhibitory
systems. In clinical practice, pain threshold assessments
could be used to monitor changes in pain over time[18,20].
Using this procedure, pain thresholds may be assessed both
within as well as outside the area of pain (unpublished ob-
servations).

The present results show that the subjects in this study
responded to high frequency TENS in a gender-related man-
ner at the electrical pain threshold level. Women’s thresh-
olds were systematically increased whereas the men’s were
unaffected on the group level. On an individual basis some
men reported an increase in thresholds. However, others did
not, and some even reported a decrease. To our knowledge,
other studies on TENS-induced effects on pain thresholds
have not reported on gender-related differences. Taken to-
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To further explore the TENS-induced effects, an additi
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tudy. Earlier observations of repeated assessments wi
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