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Abstract

Objective
This study aimed to measure the current perception threshold (CPT) of ve ngertips of the left hand in
healthy subjects and analyze whether sex differences in perception thresholds are suppressed when
adjusting for ngertip size among males and females.

Results
For ngertips from the thumb to the little nger, the males’ CPT values were 1.03, 0.83, 0.86, 0.86, and
0.88 mA; the females’ results were 0.63, 0.55, 0.54, 0.51, and 0.50 mA. The CPTs were higher in males
than in females for every ngertip. Upon adjusting for ngertip length, the log-transformed CPT values
were found to have sex differences, except for the index nger: thumb, t(20.05) = 3.493, p = 0.002; middle
nger, U(30) = 44.50, p = 0.005; ring nger, t(30) = 55.50, p = 0.018; little nger, U(30) = 30.00, p = 0.001.
Similarly, the CPT values, transformed into log values when adjusting for the ngertip area, were found to
have sex differences for three ngertips: thumb, t(18) = 2.649, p = 0.016; middle nger, U(20) = 12.00, p =
0.004; ring nger, t(18) = 2.206, p = 0.041. According to this study, sex differences in CPTs were not
completely abolished by adjusting for ngertip length or area.

Introduction
Perceptive sensitivity to transcutaneous electrical stimulation is termed as the current perception
threshold (CPT), and it is used as a method for assessing peripheral nerve function by both researchers
and clinicians. CPT measurement is noninvasive, easy, and semi-objective; previous studies have shown
that sensitivity to electrical stimulation depends on several physiological parameters, such as sex, age,
physical sites, and presence of neuropathy [1–6].
Past studies have pointed to factors that affect sex differences in CPT, including skinfold thickness or
quantity of fat tissue [6–8]. Our research group investigated this relationship with CPT and body fat
percentage (or body water percentage) and reported an adjustment method to suppress sex differences in
sensory sensitivity for electrical stimulation [9]. However, we have observed sex differences in CPTs on
the area of the gum, which includes little fat tissue [10].
Existing literature suggests that CPT will also be affected by other parameters, except for body fat
percentage or body water percentage. We assume that the size of the measured part may be a factor
affecting perceptive sensitivity to transcutaneous electrical stimulation. To test our hypothesis, we
measured the CPT at the ve ngertips of healthy subjects' left-hand and analyzed whether sex
differences in the perception threshold are suppressed when adjusting for ngertip size (length or area)
among males and females.

Page 2/11

Materials And Methods
This study included 62 healthy student volunteers (31 males and 31 females aged 20–23 years). Written
informed consent to participate in the study was obtained from all participants. Participants had no
visible skin disease and no known history of neurological or psychological disorders. The ethical
committee of Kyorin University approved of the study in advance (Approval number; 27 − 7).
To measure CPT on the ngertips, we used PainVision® (PS-2100, Nipro Corporation, Osaka, Japan) [1, 3,
9–12] and a dedicated stimulating electrode (width: 25 mm; depth: 16 mm). Two electrode elements of 3mm diameter were located at the center of the plate with 10-mm intervals between the inside edges of the
positive pole and negative pole. The form pat, an EL-PATCH (Nipro Corporation, Osaka, Japan) consisting
of a conductive gel and an adhesive tape, was directly attached to the face of the electrode.
Information from participants, including sex, age, and the size of the left hand's ve ngertips, such as
the length and width from the ngertips to the rst joint, were recorded before the CPT measurements.
After the stimulation site was sterilized using an alcohol-covered cotton swab and the stimulating
electrode was attached, the amplitude of the current was automatically increased to approximately
2.1 µA/s until the participant pushed a stop switch upon rst perceiving the electrical stimulation. CPT
was determined, and represented by the mean of three measurements, for each ngertip. Throughout the
experiment, we assessed the ngertips, in order from their thumb to the little nger, of each participant.
The PainVision® outline has been previously described [9].

Statistical analysis
Shapiro-Wilk test was used to assess the normal distribution of data. If the data were normally
distributed, sex differences were assessed with a Student's t-test (homogeneity of variances) or Welch's ttest (non-homogeneity of variances). If the data were not normally distributed, a Mann-Whitney U test
was used to assess the measurement values.
Spearman’s correlations were performed to determine the relationship between the CPT and the ngertip
characteristics (length or area).
The software package SPSS Statistics version 26.0 for Windows (IBM Inc., Armonk, NY, USA) was used
for all statistical analyses. P values under .05 were considered statistically signi cant.

Results
As shown in Table 1, we observed sex differences in the left-hand ngertip features.
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Table 1
Comparison of the ngertip characteristics in 62 healthy subjects according to sex
length [cm]

thumb

index nger

middle nger

ring nger

little nger

area [cm2]

mean (SD)

sex differences

mean (SD)

sex differences

M

3.17 (0.23)

p < 0.001

6.40 (0.78)

p < 0.001

F

2.84 (0.16)

(t = 6.42)

5.01 (0.53)

(U = 67.00)

M

2.63 (0.17)

p < 0.001

4.17 (0.51)

p < 0.001

F

2.38 (0.15)

(t = 6.01)

3.38 (0.32)

(t = 7.38)

M

2.74 (0.16)

p < 0.001

4.41 (0.51)

p < 0.001

F

2.46 (0.15)

(t = 7.17)

3.49 (0.35)

(t = 8.22)

M

2.70 (0.18)

p < 0.001

4.03 (0.49)

p < 0.001

F

2.43 (0.17)

(U = 123.00)

3.25 (0.39)

(t = 6.95)

M

2.47 (0.17)

p < 0.001

3.40 (0.39)

p < 0.001

F

2.19 (0.19)

(t = 6.32)

2.66 (0.37)

(t = 7.60)

M: males (N = 31); F: females ( N = 31); SD: standard deviation
Figure 1(a) represents the distribution of CPT values obtained from each left ngertip according to sex.
As a result of having transformed these CPTs into log values, the males’ log-transformation values for
ngertips from the thumb to the little nger were − 0.02, − 0.12, − 0.10, − 0.11, and − 0.12; the females’
results were − 0.21, − 0.28, − 0.28, − 0.30, and − 0.31. The log-transformation values showed sex
differences among all ngers: thumb: t(45.02) = 5.82, p < 0.001; index nger: t(48.93) = 3.91, p < 0.001;
middle nger: U(62) = 196.50, p < 0.001; ring nger: U(62) = 155.50, p < 0.001; little nger: U(62) = 169.00,

p < 0.001. Figure 1(b) shows the relationship between the CPT values and the ngertip characteristics for
all participants. As a result of having analyzed the data using Spearman’s correlations, a statistically
positive correlation was observed between the CPT values and ngertip length (ρ = 0.44, p < 0.001).
Similarly, the relation between the CPT values and the ngertip area was found to have a statistically
positive correlation, and the Spearman’s correlation coe cient (ρ) was 0.47 (p < 0.001).
Figure 2(a) represents the CPT value results from 15 males with short ngertips and 15 females with long
ngertips. The difference in average ngertip length between the two groups was not statistically
signi cant: thumb, U(30) = 98.00, p = 0.548; index nger, U(30) = 107.50, p = 0.836; middle nger, U(30) =
76.00, p = 0.130; ring nger, t(28) = 0.052, p = 0.959; little nger, U(30) = 76.00, p = 0.130. Despite adjusting
for ngertip length, we observed sex differences between the two groups as shown in the log-transformed
adjusted CPT values: thumb, t(20.05) = 3.493, p = 0.002; middle nger, U(30) = 44.50, p = 0.005; ring nger,
t(30) = 55.50, p = 0.018; little nger, U(30) = 30.00, p = 0.001. There was no signi cant difference between
the groups for the index nger (t(21.47) = 1.96, p = 0.063). Figure 2(b) shows the CPT value results from
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10 males with each small ngertip area and 10 females with each large ngertip area. The difference in
average ngertip area between the two groups was not statistically signi cant: thumb: U(20) = 39.00, p =
0.406; index nger: U(20) = 39.00, p = 0.406; middle nger: U(20) = 35.00, p = 0.257; ring nger: U(20) =
40.00, p = 0.450; little nger: U(20) = 44.00, p = 0.650. Despite adjusting for ngertip area, we observed sex
differences in three ngertips between the two groups as shown in the log-transformed adjusted CPT
values: thumb, t(18) = 2.649, p = 0.016; middle nger, U(20) = 12.00, p = 0.004; ring nger, t(18) = 2.206, p =
0.041.

Discussion
The aim of this study was to analyze whether the geometric size of the measurement site which attaches
the electrode affects perceptive sensitivity to transcutaneous electrical stimulation, particularly in terms
of sex differences in CPT. The data obtained demonstrated signi cant sex differences in 62 subjects. The
CPT value in the thumb was higher than that in any other ngers, regardless of sex, and the CPT values in
males were higher than those in females in every ngertip. Moreover, the CPT and nger features (length
or area) were found to have a statistically positive correlation.
On the basis of the experimental results, we analyzed whether sex differences in perception threshold are
suppressed using two parameters (length and area in the ngertips). As shown in Table 1, two
parameters were used to observe sex differences. We selectively chose more than 10 subjects to adjust
for sex differences in these parameters. In the case of ngertip length, the selected subjects consisted of
15 males with a short ngertip and 15 females with a long ngertip. In the case of the ngertip area, the
selected subjects were 10 males with a small ngertip area and 10 females with a large ngertip area. By
analyzing the log-transformation values in these groups, we investigated the possibility of suppressing
sex differences in perception sensitivity.
Although we had adjusted for the length or area in each ngertip within the two groups and analyzed the
CPT values, the adjusted CPT values were still found to have sex differences, except for some ngertips,
as shown in Fig. 2. As such, we have reconsidered our hypothesis and discussed several potential
underlying reasons. First, it is suggested that the difference in body fat percentage or body water
percentage between sexes may have in uenced CPT. The stimulating electric current ows toward a
cathode from an anode through three layers: the epidermis, dermis, and subcutaneous tissue. Because
electrical conductivity in the fat tissue is lower than that in muscle or blood [13], most electrical currents
may ow easily through the epidermis and dermis. As a result, females with a higher fat mass had
epidermal nerve bers that were more easily excited than those of participants whose body fat
percentage was low, resulting in a decreased perception threshold. In fact, we found that CPT values in
males were changed by fat percentage [9]. Second, it is likely that the perceptive sensitivity to electrical
stimulation was affected by skin thickness. It has been reported that skin thickness in various body parts
re ected sex differences [14] and that the corni ed layer in ngertips was signi cantly thinner in females
than in males [15]. The corneum, when dry, acts as an impedance to the stimulating current [16].
Therefore, it may have been necessary to investigate not only visibility geometric information regarding
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the ngertips but also the skin thickness. Third, we may consider that individual sensitivity to electrical
stimulation, and sex differences of CPT, may be in uenced by the number of epidermal nerve bers. The
density of intra-epidermal nerve bers (IENFs) is low in elderly people [17, 18] and patients with diabetes
mellitus [19, 20]. Furthermore, CPT values in these groups are higher than those in healthy subjects [1, 2,
5]. Similarly, females are reported to have more IENFs than males do [21, 22]. Thus, sex differences in
CPT values could be explained by the distribution density of IENFs. In fact, differences in IENF quantity
are posited to alter the thresholds of warmth and cold perception [23]. Taken together, the number of
IENFs under the stimulating electrode must play a key role in sensitivity to electrical stimulation.
Moreover, it has been recently reported that the nerve conducting pathway in the central nervous system
is different between the two sexes [24]. For this reason, it is likely that the sex difference in pain
perception is caused by differences in the nerve conducting pathway. This nding may be supported by
the fact that CPT is different between males and females.

Limitations
We recognize that this study has a few limitations. First, subjects consisted of 62 healthy volunteer
college students in their twenties from Kyorin University. However, the adjusted data were limited to 10–
15 subjects, such that results could potentially differ when a greater number of subjects are tested.
Second, information on subjects only included sex, age, and ngertip size in this study. Although the
CPTs in some ngertips abolished sex differences by adjusting for nger length or area, we could not
completely achieve the goal of this study. Thus, we should analyze CPT while taking into account the
characteristics of each body part, such as subcutaneous fat volume, body water percentage, and skin
thickness. Third, we must revalidate the method of measurement of perception threshold using
PainVision®. This device measures CPT by automatically increasing the amplitude of the current.
Because the CPT values in males were signi cantly different than those of females (F-test: thumb, p <
0.001; index nger, p = 0.003; middle nger, p = 0.002; ring nger, p < 0.001; little nger, p < 0.001), this
problem may be solved by using waxing and waning electrical stimulation. In addition, the CPTs obtained
using PainVision® were also likely under the in uence of central sensitization in electrical stimulation.
Thus, the evaluation of the CPT in clinical elds is not only an evaluation of the peripheral nerve function
but should also be considered with regard to various in uences.
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Figures

Figure 1
Relationship between CPT data and ngertip characteristics (a) Comparison of CPTs among the
ngertips of the left hand in male (N=31) and female (N=31) subjects. Data are shown for each ngertip
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and expressed as box plots for males (gray) and females (white). The box limits are the 25th and 75th
percentiles. The whiskers indicate the minimum and maximum values. The crosses denote the mean. The
horizontal lines are the median values. The asterisks denote a signi cant difference between the sexes
(*** p<0.001). A comparison of the CPT values within both the male and female groups shows
statistically signi cant differences across the ve ngertips (Friedman test: p<0.001, not shown). (b)
Relationship between the CPT data and ngertip characteristics (length or area) for all participants. The
data are expressed as a scatter diagram consisting of the aspects of both length (○) or area (▲). As a
result of having analyzed the data using Spearman’s correlations, the CPT values and ngertip length
were positively correlated (ρ=0.44, p<0.001). Similarly, the CPT values and ngertip area were also
positively correlated (ρ=0.47, p<0.001).

Figure 2
CPT comparison adjusting for the ngertip's length or area between the two sexes Data are shown for
each electrode and expressed as box plots for males (gray) and females (white). The box limits are the
25th and 75th percentiles. The whiskers indicate the minimum and maximum values. The crosses denote
the mean. The horizontal lines are the median values. The asterisks denote a signi cant difference
between the sexes (** p<0.01, * p<0.05). (a) Depicts the data measured from 15 males and 15 females
with similar ngertip lengths (thumb: male, 2.97 cm; female, 2.97 cm; p=0.55; index nger: male, 2.50 cm;
female, 2.51 cm; p=0.84; middle nger: male, 2.62 cm; female, 2.58 cm; p=0.13; ring nger: male, 2.57 cm;
female, 2.56 cm; p=0.13; little nger: male, 2.33 cm; female, 2.33 cm; p=0.15). After having transformed
CPT values into the log values, each log value was found to have sex differences: thumb: t(20.05)=3.493,
p=0.002; middle nger: U(30)=44.50, p=0.005; ring nger: t(30)=55.50, p=0.018; little nger: U(30)=30.00,
p=0.001, except for index nger (t(21.47)=1.96, p=0.063). (b) Shows the data measured from 10 males
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and 10 females with similar ngertip areas (thumb: male, 5.61 cm2; female, 5.61 cm2; p=0.41; index
nger: male, 3.64 cm2; female, 3.73 cm2; p=0.41; middle nger: male, 3.91 cm2; female, 3.88 cm2;
p=0.26; ring nger: male, 3.53 cm2; female, 3.66 cm2; p=0.45; little nger: male, 2.99 cm2; female, 3.05
cm2; p=0.65). After having transformed CPT values into the log values, each log value was found to have
sex differences: thumb: t(18)=2.649, p=0.016; middle nger: U(20)=12.00, p=0.004; ring nger:
t(18)=2.206, p=0.041, except for index nger (t(18)=1.174, p=0.256) and little nger (U(20)=27.50,
p=0.088).
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