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Abstract
Objective: The dental research field has little evidence about sensation in individuals with Diabetes Mellitus (DM). Thus, we
conducted study to verify our questions as following: 1) whether there are any differences of Current Perception Threshold (CPT)
between DM and non-DM (NDM) groups, which was totally evaluated top-to-toe organs as represented by foot, hand, and oral
cavity; 2) whether CPTs obtained from oral cavity, hand and foot differed from each other; 3) whether CPTs obtained from three
current frequencies used for testing (2000Hz, 250Hz, and 5Hz) differed from each other. Methods: CPT measurements were
obtained from the oral mucosa and the tips of fingers and toes of fifty six volunteers: 21 individuals with DM (12 male and 9
female, average age = 72.1 ± 4.7 years) and 35 individuals with NDM (17 male and 18 female, average age = 51.2 ± 23.9 years)
using electrical stimulation at frequencies of 5, 250, and 2000 Hz. Results: The individuals with DM had significantly lower CPT
value than those without DM. The CPT values of oral cavity, hand and foot significantly differed from each other (foot > hand, foot
> oral cavity, hand > oral cavity). There was significant difference in the CPT values of 5Hz and 2000Hz as well as 5Hz and
2000Hz.
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Introduction
The World Health Organization reported that people with
Diabetes Mellitus (DM) has risen from 108 million in 1980 to
422 million in 2014 [1]. The 2003–2012 Japanese National
Health and Nutrition Surveys obtained from 51,128
individuals aged ≥ 20 years showed that the age-standardized
prevalence of diabetes remained constant at approximately
8%, and the proportion of individuals receiving treatment for
DM increased significantly from 41.8% in 2003 to 54.9% in
2012 [2].

The DM cause peripheral neuropathy, which is a common
serious complication of diabetes and cause of disability and
reduced quality of life, due to sensory loss, pain, gait
disturbance, fall-related injuries, and foot ulceration and
amputation [3]. The neuropathy is often a major component in
the critical pathway for the development of diabetic ulcers and
amputations. Foot ulcers are among the most common
complications of diabetes, which induced by repetitive
pressure [4-6]. Collin et al. reported that repetitive pressure
induced by occlusal force causes denture-related lesions on
the pressure-supporting oral mucosa occur more often in
denture wearers with DM than in those without DM [7]. This
report was in agreement with our clinical experience with
denture wearers of DM patients, treatment of which tend to be
extended for a long period of time due to severe ulcers on oral
mucosa. We thought this might be attributed to diabetic
neuropathy. Perception is one of the primary natural warning
systems to alert danger to individuals. If this early warning
system fails to function normally, individuals with diabetic
neuropathy can sustain injuries that are not recognized until
they are so severe that full-thickness wounds result [8]. The
susceptibility of DM patients to ulcers in the oral mucosa
covered by dentures might be contributed by neuropathy
occurring in oral mucosa. As denture wearing as well as the

prevalence of DM is increased in an aging society, it is
therefore important to investigate relation between oral
sensation and DM.

The neuropathy in DM has been evaluated by several
methods [9-14], including transcranial direct current
stimulation. The Current Perception Threshold (CPT) as
determined using a Neurometer® has been proposed to be a
useful quantitative parameter for assessing peripheral sensory
nerve function in body such as hand, foot, and head [15]. The
current frequencies of 2000, 250, and 5 Hz selectively
evaluate the large myelinated A-beta fibers, small myelinated
A-delta fibers, and unmyelinated C fibers respectively. The
validity of the method was proven by comparison to standard
sensory testing techniques that have popularly been used for
diagnosis of neuropathy in DM, including thermal and
vibration detection thresholds [16,17]. We have developed an
approach to apply transcranial direct current stimulations for
oral sensory measurements and have previously reported in
several manuscripts that the CPT can be useful for assessing
changes in oral sensation in denture wearers [18-20]. The CPT
as measured by the Neurometer® may also be useful for oral
sensory measurements in patients with DM. This study aimed
that the sensation in intraoral sensation between individuals
with and without DM.

Methods

Participants

This study was approved by the Human Ethics Committee of
Nihon University School of Dentistry at Matsudo (IRB project
number: 15-003). Fifty-six volunteers, including 21
individuals with DM (DM group, 12 men and 9 women,
average age = 72.1 ± 4.7 years), and 35 individuals without
DM (NDM group, 17 men and 18 women, average age= 51.2
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± 23.9 years), were recruited for the study. These individuals
were patients at the Nihon University School of Dentistry at
Matsudo Affiliated Hospital or were workers or students at the
Nihon University School of Dentistry at Matsudo,
respectively, and provided written informed consent prior to
enrollment. Individuals meeting the following conditions were
excluded:

• The presence of general health problems that could affect
the measurement of nerve activity (e.g., trigeminal
neuralgia or postherpetic neuralgia);

• Signs and symptoms of orofacial pain disorders;
• Pacemakers;
• Obvious cognitive impairment; and
• A lack of understanding of written or spoken Japanese.

CPT testing

The subjects sat comfortably on dental chair in a quiet room.
CPTs from the left greater palatine foramen, the tip of left first
finger, and left toe were measured by only one operator using
the Neurometer CPT/C®.

Figure 1. Intraoral removable device with stimulating electrodes.
Participants wore the measurement apparatus, containing Ø 1-
mm thermoforming discs, to ensure good contact between the oral
mucosa and the stimulation electrodes.

According to the manufacturer’s instructions, the electrical
current slowly increased from 0.01 mA until the subjects
reported a sensation. A rough perception threshold level was
then set. Then, 6 to 20 cycles of randomly selected true and
false stimuli above and below the preliminary perception
threshold level was implemented using a microprocessor-
controlled forced-choice method. The CPT measurements

were performed in a double-blinded manner until the exact
CPT was determined.

A measurement apparatus with φ 1 mm thermoforming
discs was fabricated for each participant. Plates (18×9×6 mm)
with stimulation electrodes (φ 2 mm) mounted on an intraoral
removable appliance were utilized in order to ensure contact
between the mucosa and stimulation electrodes (Figure 1).

Statistical analysis

Before other statistical analyses were performed, the
normality of the data was tested using the Kolmogorov–
Smirnov test, following which parametric statistical methods
were applied.

Participants’ characteristics were analyzed by a t-test and
the Chi-squared test. In order to adjust for the difference in
age between the DM and NDM groups, we used analysis of
covariance (ANCOVA) with the Bonferroni post-hoc test to
assess whether there were any differences in CPT between the
DM and NDM groups; whether the CPTs obtained from the
oral cavity, hand, and foot differed from each other; and
whether CPTs obtained using three different current
frequencies for testing (2000 Hz, 250 Hz, and 5 Hz) differed
from each other. The age had possibility to work as a
confounder to CPTs was set as a covariate. When a
statistically significant interaction between factors was
observed, a simple main effect test was conducted to analyze a
between-factor interaction.

Statistical analyses were performed using SPSS® Statistics
21 (SPSS-IBM, MD, USA), with p < 0.05 representing
significant differences.

Results

Participants’ characteristics

The participants’ characteristics are shown in Table 1.

Table 1. Participants’ characteristics. Proportion of male and female
in DM was analyzed by Chi-squared test. Mean differences of the
sex, age, body mass index, and blood sugar level between DM and
NDM were analyzed by t test. DM, diabetes mellitus; NDM, non-
diabetes mellitus.

Characteristics DM (n=21)
NDM
(n=21) P-value

Sex (male/female) 12-09-2018 17/18 0.589

Age (years) 72.1 ± 4.7 51.2 ± 23.6 <.001

Body Mass Index (Kg/m2) 23.1 ± 4.4 21.8 ± 3.0 0.21

Hemoglobin A1c (%) 6.9 ± 0.8 5.7 ± 0.5 <.001

Blood sugar level (mg/dL) 153.4 ± 38.2
118.2 ±
22.1 <.001

There were significant differences in age, HbA1c levels,
and blood sugar levels between the DM and NDM groups.
However, there were no significant differences in the
proportion of males and females or in the body mass index
between the DM and NDM groups.
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CPT values

Figure 2. CPTs of DM and NDM groups. ANCOVA revealed that
individuals with DM had lower CPT values than those without
DM. The mean values of DM and NDM groups in the figure
represents the overall PT, which means that all CPTs obtained
from foot, hand and oral cavity as well as those from 5 Hz, 250
Hz, and 2000 Hz were averaged. DM: diabetes mellitus, NDM:
non-diabetes mellitus

Figure 3. CPTs of foot, hand, and the oral cavity. ANCOVA with
Bonferroni post-hoc tests showed that PTs increase in the
following order: oral cavity < hand < foot. The mean values of
foot, hand, and the oral cavity in the figure represents the overall
PT, which means that all CPTs obtained from participants with
MD and NDM as well as those from 5 Hz, 250 Hz, and 2000 Hz
were averaged.

The CPT value of the DM group was 105.9 ± 114.2 × 10-2mA
and that of the NDM group was 99.1 ± 98.4×10-2mA (Figure
2).

There was no significant different CPT between individuals
with DM had significantly and those without DM (ANCOVA,
p=0.274). The CPT values obtained from the oral cavity, hand,
and foot were 28.8 ± 24.6 × 10-2mA, 115.4 ± 88.6, and 160.7
± 124.3×10-2mA, respectively (Figure 3).

The CPT values of the oral cavity, hand, and foot differed
significantly from each other (ANCOVA with Bonferroni
post-hoc test, all p < 0.0001, in the order oral cavity < hand <
foot). The CPT values obtained using 5 Hz, 250 Hz, and 2000
Hz were 46.8 ± 38.8×10-2mA, 70.1 ± 52.5×10-2mA, and 188.1
± 130.9×10-2mA, respectively (Figure 4).

Figure 4. CPTs of 2000 Hz, 250 Hz, and 5 Hz frequencies.
ANCOVA with Bonferroni post-hoc tests showed that there was a
significant difference in the PT values obtained with 5 Hz vs. 2000
Hz as well as with 250 Hz vs. 2000 Hz. The mean values of 5 Hz,
250 Hz, and 2000 Hz in the figure represents the overall PT,
which means that all CPTs obtained from participants with MD
and NDM as well as those from foot, hand and oral cavity were
averaged.

Table 2. Summary results of analysis of covariance. DM- Diabetes
Mellitus; ×- interaction; F- Fisher distribution.

Dependent variable Mean square F-value P-value

Age 262.5 0.097 0.756

DM 3255.142 1.2 0.274

Frequency 952269.992 351.064 <.001

Region 698663.668 257.57 <.001

DM × Frequency 10426.518 3.844 0.022

DM × Region 1091.759 0.402 0.669

Frequency × Region 171664.674 63.286 0

DM × Frequency × Region 2460.637 0.907 0.459

The CPT values obtained using 5 Hz and 2000 Hz differed
significantly from each other (ANCOVA with Bonferroni
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post-hoc test, all p < 0.0001, in the order 5 Hz < 250 Hz <
2000 Hz). The Table 2 summarized results of ANCOVA.

Discussion
This study revealed that CPTs obtained from the oral cavity,
hand, and foot differ significantly from each other; and that
CPTs obtained using three different current frequencies
varied; however could not show that the differences in
intraoral sensation between individuals with DM and without
DM.

The region-induced CPT diversity with CPT values in the
order oral cavity < hand < foot suggested that regions closer
to the head had smaller CPT values, corresponding to a
greater sensitivity to stimulation. Several researchers reported
the CPT at the foot/finger, finger, face, and face/oral cavity,
[21-24]. Although they did not directly compare the face,
finger, face, and oral cavity values, their findings were in line
with ours. Penfield’s homunculus shows the precise
topography of cortical representation of particular parts of the
body in discrete parts of the brain, correlating with motor and
sensory phenomena in those particular regions of the body.
Furthermore, Disbrow et al. examined the human
somatosensory cortex in the Sylvian fissure, using functional
magnetic resonance imaging to describe the number and
internal organization of cortical fields present [25]. They
reported that somatic stimuli applied to the lips, face, hand,
trunk, and foot were registered in specific regions of the
cortex. By indicating the relatively large proportion of the
brain involved in sensitive and complex movement,
particularly of the face and hands, the homunculus will help to
illustrate a fundamental principal of sensory test modalities.

The present study also showed current frequency-induced
CPT diversity, in the following order 5 Hz, 250 Hz < 2000 Hz.
These results suggested the selective stimulation of nerves;
large myelinated A-beta fibers, small myelinated A-delta
fibers, and unmyelinated C fibers are excited selectively by
2000, 250, and 5 Hz frequencies, respectively [26]. Nerve
fibers with different diameters have different characteristic
refractory periods, due to the number of ion channels
available per surface area of the fiber [26]. Due to these
characteristics, the large-diameter fibers can respond to the
rapid 2000-Hz stimulus, while small unmyelinated fibers
require several milliseconds of continuous depolarization to
respond, resulting in selective stimulations of the three
different nerve fiber types. The CPT value at 250 Hz was
similar to that at 5 Hz, while the CPT at 2000 Hz was
markedly differed from that at 250 and 5 Hz. C fibers excited
selectively by 5 Hz can respond to a broad range of painful
stimuli, including mechanical or thermal stimulation. The A-
delta fibers excited selectively by 250 Hz respond to either
mechanical stimuli or temperature stimuli in the painful
region and produce an acute sensation of sharp, bright pain.
However, A-beta fibers excited selectively by 2000 Hz are not
related to the pain sensation. The participants in our study
reported electrical stimuli at 2000 Hz induced not pain but
uncomfortable sensation, which may be the reason why the
CPT at 2000 Hz was different than that at the other
frequencies.

It is well known that diabetic peripheral neuropathy causes
several symptoms, such as pain, dysesthesia, and loss of
sensation, which have been evaluated by several sensory tests
[9-14]. However, this study could not show the differences in
intraoral sensation between individuals with DM and without
DM. The limitation of this study was sample size which was
too small to detect significant differences between DM and
NDM groups. In the future, we will expand this study to a
large sample, including patients with a wide range of DM-
related conditions.

In conclusion, in this study, we demonstrated that CPT
measurements were region-specific, and increased in the
following order: oral cavity < hand < foot, and were higher for
2000-Hz stimulation than for 5- and 250-Hz stimulation.
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