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Abstract

Objective: To investigate age, gender, and left-right differences in cutaneous electrical perceptual
threshold (EPT) testing in an able-bodied, Australian sample.

Study Design: Prospective experimental.

Setting: Hospital-based spinal cord injuries unit.

Methods: Cutaneous electrical stimulation of the 28 dermatomes at ASIA sensory key points (C2-5S4/S5)
was performed on 29 female and 16 male healthy volunteers aged 21 to 76 years. Mean EPTs for each
dermatome were compared (repeated measures ANOVA) for left-right, gender-related, and age-related (</
>50 years of age) differences.

Results: There was no group difference between sides (repeated measures ANOVA, P = 0.934). Women
across all ages had lower group mean EPTs than men (P < 0.0001). Women younger than age 50 years had
lower mean EPTs than those older than age 50 years (P = 0.008). There was no group difference between
younger and older men (P = 0.371). Analysis of individual dermatomes revealed no significant differences in
thoracic dermatomes between genders or age groups, contrary to the limb dermatomes.

Conclusion: There were gender differences in EPT values across all ages. Women had higher EPTs as they
advanced in age, but this was less clear in men. There was considerable somatotopic variability in EPTs,
especially in the lower limbs. If EPT testing is to be applied to detect subclinical changes within a
dermatome, establishment of age- and gender-specific somatotopic normograms is a prerequisite.
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INTRODUCTION

Recent years have seen an escalation in experimental
interventions proposed to improve functional outcomes
after spinal cord injury (SCI). There is a growing
imperative to develop appropriate and sensitive outcome
measures for assessing any intervention’s efficacy (1). The
Clinical Guidelines Panel of the International Campaign
for Cures of Spinal Cord Injury Paralysis has recognized
that quantitative sensory testing (QST) can be a valuable
adjunct to evaluating sensory dysfunction as it correlates
to somatosensory-evoked potential recordings and ASIA
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sensory scores (2). However, QST has not been widely
used due to lack of standards for testing, lack of
normative data, and the lack of consensus and guidelines
on how to interpret data from QST in the most general
sense (3). Electrical perceptual threshold (EPT) testing
has been acknowledged as a simpler QST method but
still provides a quantitative map of the level and
completeness of SCI, including the zone of partial
preservation (4).

Previous reports using a variety of stimulation
techniques suggest differences in sensory thresholds
between genders related to differences in skinfold
thickness and epidermal nerve fiber density (5-7). In
addition, the majority of neurophysiologic variables
demonstrate an age-dependent relationship (8,9). Gen-
der and age have not been systematically assessed in the
development of EPT testing by the technique described
by Davey et al (10) for application to patients with SCI.

Somatotopic differences between dermatomes have
been demonstrated, with higher EPTs and larger varia-
tion in the lumbar and sacral dermatomes (4,10,11). A
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normative template for EPT has been developed from
combining data from 14 men and 16 women aged 20 to
55 years (4). However, $S3-S5 dermatomes were not
assessed, which are key to the ASIA classification. Gender
differences in the study were assessed in a limited
number of dermatomes.

Our aim was to investigate whether there are
differences in EPT values in relation to side, gender, and
age in able-bodied volunteers. To our knowledge, our
study is the largest and only one investigating this
relationship in all 28 ASIA sensory key points, including
the clinically important S3-S5 dermatomes, using the
technique described by Davey et al (10).

MATERIALS AND METHODS

Approval for the study was given by the Northern Sydney
Health Human Research Ethics Committee in Sydney,
Australia. We certify that all applicable institutional and
governmental regulations concerning the ethical use of
human volunteers were followed during the course of
this research.

Participants

Posters were placed around common areas of our
hospital over a period of 5 to 6 months requesting
healthy volunteers of all ages and both genders. Patients
were recruited in a stratified manner. Forty-five healthy
volunteers (29 women, 16 men, aged 21-76 years)
participated in the study after giving written informed
consent. All denied history of neurologic, dermatologic,
or systemic diseases that are commonly known to affect
sensation. Volunteers were not paid for their participa-
tion.

Technique

Participants were tested lying supine in a quiet room
thermostatically set at 22° to 26°C. After skin preparation
with alcohol swabs, disposable, self-adhesive electrodes
(3M Red Dot repositionable monitoring electrode, St.
Paul, MN) were applied to the 56 ASIA sensory points
bilaterally, with an inactive anode attached to each
participant’s lumbar quadrant ipsilateral to the tested
side. When required, participants were shaved to
improve electrode adhesion.

A triggering unit drove a stimulator (Digitimer DS7A,
Digitimer Ltd, Letchworth Garden City, United King-
dom), which produced constant current square-wave
electrical pulses (0.5 ms, width, 3 Hz) delivered via the
electrode. The stimulus current was increased from zero
at a constant rate of 0.24 mA per second by a custom-
made motor until the volunteer verbally indicated first
sensation at the ASIA sensory point (method of limits)
(12). This current was recorded as the “ascending” EPT.
The current was then increased further to slightly exceed
the threshold and then decreased until the stimulus was
no longer sensed. Each participant was familiarized with
the process in a trial run, followed by repeating the
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process 3 times on each dermatome. If the difference
between consecutive ascending recordings exceeded
0.5 mA, an additional trial was undertaken. The lowest
ascending stimulus intensity of the 3 trials was recorded
as the EPT. Sessions lasted between 2 and 3 hours,
inclusive of short rest intervals.

Throughout testing, the volunteers were blind to the
amplitude of the stimulus current. Testers were in-
structed not to look at the amplitude of the stimulus
current but at the patient and to turn off the motor and
record the EPT value as soon as the subject indicated a
sensation, thus reducing tester bias. Our use of a
constant current motor and self-adhesive electrodes
reduced variability from manually increasing intensity
and handheld thermodes, adding further precision to the
quantification of sensory thresholds. The technique is
described in more detail in our previous study (11).
Although asking the person to verbally indicate sensation
may introduce variability, this technique is thought to be
more easily applicable to patients with tetraplegia than
the use of a manual response.

Statistical Analysis

The average age of a person with SCl is 39.5 years, with a
life expectancy of 7.3 to 34.1 years, depending on the
level and severity of injury if injured at age 40 years
(National Spinal Cord Injury Statistical Center, Birming-
ham, AL). There is acceleration of the aging process after
SCl because of diminished physiologic reserves and
increased demands on functioning body systems (13).
We thus selected the age 50 years as a point for
comparison against the SCI population instead of using
65 years, the age used in the able-bodied population for
defining the geriatric age group. To calculate sample size
required in each group to achieve 80% power as a
comparison measure, we used sample size estimates per
group for independent groups (unpaired t test), resulting
in a size of 12 for each group. The software package SPSS
15.0 (SPSS, Chicago, IL) was used for all statistical
comparisons. For each dermatome, the mean EPT value
+ SD was determined from the total number of readings
on both sides for the 45 volunteers.

The unpaired (2-tailed) t test was used to evaluate
differences between the groups of mean age of men and
women. This was used to assess for potential bias
between the 2 sample populations. Repeated measure
ANOVA was performed on sensory thresholds to identify
group differences. The repeated measure was the
dermatome and the test factor was the grouping (side
specific, gender specific, or age specific). A 2-factor
ANOVA was performed on mean threshold values for
each dermatome to further analyze somatotopic varia-
tion of EPTs. All data were presented as mean = SD, with
P < 0.05 considered significant.

We have addressed within- and between-subject
variability in various dermatomes in our previous paper
(11), so this was not reassessed in this study.
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Table 1. Demographics of the Volunteer Population

Total Age Group <50y Age Group >50y
No. Mean Age SD No. Mean Age SD No. Mean Age SD
Women 29 47.3 16.5 12 29.5 7.2 17 59.9 5.9
Men 16 40.4 15.2 12 33 8.4 4 62.5 4.9
Total no./mean 45 44.8 16.2 24 31.25 7.9 21 60.38 5.76

RESULTS

Of the 45 volunteers who participated in this study, 29
were women and 16 men (age range 21-76 years, mean
age [SD] 47.3 years [16.5] and 40.4 years [15.2] years,
respectively) (Table 1). There was no statistical group
difference in mean age between genders (unpaired t
test). There were 24 people younger and 21 older than
age 50 years. All but 2 were right-hand dominant. For
each dermatome, there were 90 EPT recordings from
both left and right sides of the 45 volunteers.

No complications resulted from the procedure. One
volunteer developed a transient contact dermatitis from
the application of the self-adhesive electrodes, which
resolved spontaneously within 48 hours.

Somatotopic Variability

For each dermatome, the mean EPT value = SD was
determined from the total number of readings on both
sides. Figure 1 shows the EPT normogram illustrating the
variability in EPT means and their SDs for each
dermatome. The smallest SD was 0.2 mA at C5
dermatome, and the largest was 1.43 mA at the S3
dermatome. In general, there was more variability in the
lumbosacral dermatomes than upper limb and thoracic
dermatomes, consistent with the findings of previous
papers, which have reported on somatotopic variability
(4,11).

EPT Normogram

Perceptual Threshold [mA]

2 co 1k T8 T12 L3 1 S4-5

—+—Mean EPT ——-Mean+ 28D

Figure 1. Mean electrical perceptual threshold value + 2
SD for dermatomes C2-54/S5.

Electrical Perceptual Threshold Testing

Left-Right Difference

EPT values for left and right sides are shown in Figure 2a.
Values for the right side ranged from 1.006 + 0.198 (L1)
to 3.31 = 1.02 (S1) compared with values on the left of
1.002 = 0.25 (L2) to 3.36 = 1.37 (S1). Repeated
measure ANOVA showed no group difference in EPT
readings between the left and the right sides (P = 0.934).
Two-factor ANOVA for each dermatome showed no
significant difference for 25 of 28 dermatomes; however,
there was a left-right difference (P < 0.05) in derma-
tomes C2, C6, and L4, with the right side showing
consistently higher EPT values than the left.

Gender Difference

For the total sample, women had lower group mean EPT
values compared with men, (repeated measures ANOVA
P < 0.0001) (Figure 2b). Statistically significant differ-
ences were found for 15 of the 28 dermatomes from
cervical, thoracic, and lumbosacral regions. Variability in
EPT values was similar in men and women (average SD
for all dermatomes: men, 0.42; women, 0.38). For both
genders, variability was high in all dermatomes below L3
and was lowest for C5.

When each age group was analyzed separately,
women younger than age 50 years had consistently
lower EPTs than men younger than age 50 years, with
statistical differences in 21 dermatomes (Figure 3a). In
comparing women and men older than age 50 years
(Figure 3b), women tended to have lower EPTs in the
cervical and thoracic dermatomes, achieving statistical
significance in only 6 dermatomes (C3, C4, T1, T3, T4,
T11). In lumbosacral dermatomes, the trend appeared to
reverse, with L4 and S3 EPT values significantly higher in
women than in men.

Age Difference
There were 12 women younger than age 50 years and 17
older (Table 1). A group difference was noted between
younger and older women (repeated measures ANOVA P
= 0.008). Analysis of individual dermatomal differences
in women (Figure 4a) showed the younger group had
lower EPTs in 20 of 28 dermatomes, reaching statistical
significance in 9 dermatomes (C5-C8, L1, L2, L5, S2, S3).
In the C3 dermatome, younger women had a statistically
significant higher EPT than did older women.

There were 17 men younger than age 50 years and 4
older, with no group difference noted between them
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Figure 2. (a) Comparison of electrical perceptual threshold values for left and right sides for the total sample for all
dermatomes. (b) Comparison of electrical perceptual threshold values for women and men for all dermatomes, * indicates
significance with P < 0.05.
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Figure 4. Comparison of electrical perceptual threshold values for age-related differences for (a) women and (b) men.

* indicates significance with P < 0.05.

(repeated measures ANOVA P = 0.371). Analysis of
individual dermatomal differences showed that younger
men had statistically significant higher EPTs than older
men did in 3 dermatomes in the lumbo-sacral (L3, S1,
S2) region (Figure 4b).

No significant differences were found in EPT values in
the thoracic region of either gender.

DISCUSSION

EPT testing is a promising adjunct to the ASIA examination
for assessing sensory dysfunction. It is simple, requires
minimal training, and has good inter- and intrarater
reliability (11). It is thought to activate the largest, lowest
threshold afferent fibers near the site of stimulation, such as
those innervating Pacinian corpuscles and Merkel discs
located in cutaneous and subcutaneous tissues, and
appears to measure segmental posterior spinal cord
function (11,14). Because it is a relatively new technique,
its characteristics and clear reference ranges in the able-
bodied population need to be further defined to enable
clinical and research use. Previous studies have examined
EPT values in several dermatomes, but to our knowledge,
our study is the first to examine EPT in all dermatomes,
including the clinically important dermatomes of S4 and S5
for ASIA determination.

Left-Right Difference
Previous studies using Davey’s technique have found no
left-right difference in EPT readings although this was

Electrical Perceptual Threshold Testing

tested in a limited number of dermatomes (4,10,11).
Studies of quantitative sensory testing measures, such as
thermal and pain thresholds, found symmetrical left-right
results (15,16). Our results also found no overall group
difference between sides. When individual dermatomes
were analyzed, the right side had consistently higher
EPTs than the left in dermatomes C2, C6, and L4 (P <
0.05). The significance of this is unclear and may relate to
hand dominance (43 of 45 volunteers were right
handed) or somatotopic variation. Nevertheless, left-
right differences appear minimal, which argues for the
use of a “mirror image normogram” for simplification.

Age and Gender Differences

It is well established that tactile sensitivity decreases with
age, attributable to structural deformation, reduced
density of sensory receptors and nerve fibers, and
degraded information processing in the somatosensory
cortex (8,17). This decline appears to be similar in men
and women (18) and is steeper for vibration than other
sensory modalities, such as touch (19). The literature for
gender differences in somatosensory function is less
clear. Some authors have found that women have lower
sensory and pain thresholds than men, hypothesized to
be due to method of stimulation (20), epidermal nerve
fiber density (8), hair distribution and shaving (21), skin
temperature, and skinfold thickness (6). Some have
found no gender differences, arguing that age is the
most significant factor in determining sensory thresholds,
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after adjusting for differences between genders in age,
anthropometric parameters and height (17,18). There is
also histologic evidence that gender, height, and body
weight do not independently influence intraepidermal
nerve fiber density (22).

Our study found that younger women have lower
EPT values compared with men, with this difference
becoming less pronounced with age. There was a group
difference between women younger and older than
50 years of age, with individual dermatomal differences
in women predominantly in the cervical and lumbosacral
region. There was no significant group difference
between younger and older men. Younger men had
higher EPTs than older men in 3 dermatomes in the
lumbosacral region, which may be due to unbalanced
numbers in the 2 groups. It has been suggested that the
aging effect on some nerve fibres is more significant in
women than men (23), which may explain our findings
of a significant difference in women but not in men.

Somatotopic Variability

Women have been found to have greater individual pain
threshold variability compared with men (24), with
variations in menstrual cycle debated as a possible cause
(25). Greater female variability was not found in the
present study, with SDs of EPT values being similar in
men and women. Our previous paper (11) noted a large
within-subject variation in dermatome S2, compared
with 3 other dermatomes tested (C4, T1, L4). Although
S2 also had high SDs in the present study, these were
similarly large for all dermatomes below L4.

Interestingly, we found no significant differences in
the thoracic dermatomes when comparing the 2 age
groups in both genders. It has been postulated that age
and height may not be directly associated with decline in
vibrotactile sensitivity but could contribute through their
effects on peripheral nerve function (18). Distal epider-
mal innervation decreases in a length-dependent manner
with advancing age (22) and may explain why the
thoracic dermatomes, being innervated by anatomically
shorter peripheral nerves, did not exhibit a large change
in EPT thresholds with age.

The rate of decline in sensation is reported to be
diverse at different examined regions and between
genders, being more prominent at the leg and dorsum
of the foot and in men than women (16). Duke et al (26)
found similar vibration thresholds with increasing age in
the upper limbs between genders, but a statistical
difference was observed in men vs women for both
lower limbs from about the age of 60 years (26). This is in
concordance with our findings, in which differences are
most marked in the cervical and lumbosacral regions.

The summation of the existing evidence suggests a
group difference between genders at a younger age.
Although a group difference between genders is not
found in the older population, some limb dermatomes
may retain statistical difference. In trials promoting
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recovery, improvements may be limited to 1 to 2
dermatomes. If EPT is to be applied to detect subclinical
deficits, we need gender- and age-specific normograms,
including all dermatomes that draw on larger data sets
with established means and SDs against which to
compare. We calculated that a sample size of 12 for
each group was required to achieve an 80% power in
group comparison. We were able to recruit at least 12
people in all groups apart from men older than age
50 years. Hence, although we have obtained gender-
specific normograms in this study for people younger
than age 50 years for all dermatomes (including S4-S5),
we were not able to establish age-specific normograms
or draw definitive conclusions in older men. In addition
to normograms, it will be important to ascertain when
changes in EPT values are meaningful, if they remain
above normal values. That is, the minimal physiologically
important difference (the smallest difference in EPT value
that is perceived as beneficial that would mandate a
change in the patient’s management) (27) in sensory
function needs to be determined in future clinical trials.
Further investigation into factors that can affect EPT
testing is also required, such as clinical and demographic
variables (eg, ethnicity).

CONCLUSION

EPT testing is a useful and simple adjunct in quantifying
sensory dysfunction. Using this method, we found an
overall group difference between genders. This differ-
ence was more marked in younger (<50 years of age)
than older (>50 years of age) groups. EPT values tend to
increase with age in women. Low numbers of volunteers
in the older age group prevented us from drawing a
conclusion in men. There was considerable somatotopic
variation in EPT measurements, with larger variation in
the lower limbs. This calls for establishment of age- and
gender-specific somatotopic normograms.
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