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Purpose: Satisfactory quantitative diagnostic approaches to pharyngeal paresthesia patients
with depression or anxiety remain to be explored. This study investigated the plausibility of
current perception threshold (CPT) testing in diagnosing pharyngeal paresthesia in patients
with depression or anxiety.

Patients and Methods: A total of 41 patients with pharyngeal paresthesia with depression
or anxiety were recruited as the study group. Additionally, 60 healthy volunteers constituted
the control group. The CPT values associated with 5-, 250-, and 2000-Hz electrical stimula-
tion frequencies were measured at the palatal lingual arch and posterior third of the lingual
body (two sensory nerve distribution sites in the pharynx). The normal range of CPT values
of the above three frequencies was analyzed. The differences in the CPT values for sensory
nerves were compared.

Results: There were no significant differences in age and sex between the study and control
groups. The CPT values of the pharynx at the two tested sites were not significantly
correlated with age and gender. The CPT value of the study group was significantly lower
than that of the control group in the palatal lingual arch and posterior third of the lingual
body at an electrical stimulation of 5 Hz (p<0.05). No significant differences in the CPT
values at other frequencies were found between the two groups.

Conclusion: CPT testing is effective in determining pharyngeal paresthesia in patients with
depression and anxiety. Paresthesia of the pharyngeal sensory nerve region is caused by
damaged C fibers.

Keywords: pharyngeal paresthesia, sensory nerve fibers, current perception threshold

testing, reference values, depression, anxiety

Introduction

Pharyngeal paresthesia is a syndrome that includes the sensation of a foreign body
obstruction in the pharynx, phlegm attachment, itching, hypersensitivity and pain in
the throat. The primary causes of pharyngeal paresthesia include local factors,
psychiatric factors, and systematic factors. In addition to organic lesions, psychia-
tric factors are responsible for a significant proportion of pharyngeal sensory
disorders. Patients experiencing pharyngeal paresthesia have a neuroallergic reac-
tion and experience higher levels of psychological distress, such as anxiety and/or
depression.'?

Investigations into possible quantitative approaches to pharyngeal sensory nerve
diagnosis are of critical importance. By estimating different sensations, such as tactile
perception threshold measurement using von Frey hairs, the needle stimulation sensi-
tivity test, and the vibration perception threshold measurement using the Rydel-Seiffer
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tuning fork,” some perception thresholds can be measured.
However, these tools can only provide a rough estimation
range rather than specific values. Other quantitative
approaches, such as the measurement of sensory nerve con-
duction velocity (NCV) and somatosensory evoked potential
(SEP), ignore hypersensitivity and hypoesthesia and can test
only 10% of crude myelinated nerve fibers.* Furthermore,
all the above-mentioned measurements are hand-controlled
and single-blinded; during measurement, strong stimulation
is required, which results in pain.’

Technological progress has provided potentially more
accurate approaches to quantify and thus diagnose phar-
yngeal sensory nerve damage. The measurement of the
current perception threshold (CPT) has attracted the atten-
tion of researchers in the field of sensory nerve measure-
ment. CPT testing can quantitatively evaluate the function
of sensory nerves and measure the minimum perceivable
current when electrical stimulations of 2,000, 250, and 5
Hz are applied. The CPT values at each frequency indicate
the threshold values of the A fibers (sense of pressure),
Ad fibers (senses of temperature and pain), and C fibers
(senses of pain and temperature).® CPT testing can be
performed on any skin/mucosa area of the body to deter-
mine the location and extent of sensory nerve dysfunction.
It allows for the quantitative evaluation of damaged nerve
fibers.” CPT test results that are below the normal range
are suspected to indicate hyperesthesia, while those above
the normal range imply hypoesthesia.® To date, CPT test-
ing has been used for the evaluation of paresthesia in
multiple medical fields.”'" In addition, it has been used
to explore the sensory nerve function of oral mucosa.'”
However, no publications on the application of CPT in
pharyngeal paresthesia have been released to the best of
our knowledge.

Based on the aforementioned discussion, in this study,
CPT testing of the distribution area of the pharyngeal
sensory nerve was performed to identify the nerve fibers
affecting pharyngeal sensation and to accurately locate the
damage to different sensory nerve fibers in pharyngeal
paresthesia.

Patients and Methods

Patients

Between December 2017 and December 2018, 41 patients
with pharyngeal paresthesia were selected at Beijing
Tongren Hospital. The diagnostic standard was mainly
based on the patient’s complaints, including foreign body

sensation, obstruction sensation, pain sensation, itching
sensation and other discomfort in the pharynx. There were
17 males and 24 females (age range 22—-74, mean 46.98
+13.011 years). The inclusion criteria were as follows:
recurrent history of pharyngeal paresthesia; no benign or
malignant neoplasms, acute inflammation or anatomical
abnormalities as detected by otorhinolaryngology; and the
disease duration was at least two months. The exclusion
criteria were as follows: 1) vertebral/cervical abnormalities,
such as spondylosis, according to radiological examina-
tion; 2) nasopharyngitis, nasopharyngeal tumor, pharyngo-
laryngeal tumors, neck tumors and other organic diseases
based on nasopharyngeal endoscopy, cervical B-ultrasound,
laryngoscopy and/or cervical MRI; 3) those with emacia-
tion, hoarseness or other warning signs; 4) those with ser-
ious cardiovascular, lung, kidney, liver or digestive tract
diseases and connective tissue disease history; 5) a history
of use of medication for the treatment of pharyngeal par-
esthesia, antipsychotics, or drugs for pharyngitis; and 6)
those who refused to sign the informed consent form or
cooperate with the investigators.

This study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics
Committee of Beijing Tongren Hospital affiliated with
Capital Medical University (approval no.TRECKY2018-
061). Written informed consent was obtained from each
participant.

Control Group

The control group consisted of 60 healthy individuals,
recruited mainly from the general public. There were 37
males and 23 females (age range 23-72 years, median 38
years). The selection criteria were as follows: healthy; no
complaints of pharyngeal sensory abnormalities, chronic
pharyngitis, pharyngeal susceptibility or other pharyngeal
sensory abnormalities; no organic lesions of the ear, nose,
and throat; no reflux-related diseases; and no special
organic and psychological diseases. No peripheral neuro-
pathy was found.

Data Collection

Before CPT testing, all subjects were asked about their
medical history and underwent a physical examination. The
information collected included details regarding gender, age,
and occupation. Symptom assessment included a foreign
body sensation in the throat, sore throat, dry throat, itchy
throat, and heartburn due to acid regurgitation. The physical
signs of the 41 patients with pharyngeal paresthesia included
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Figure | Measurement of the current perception threshold (CPT). (A) Point for measuring the CPT on the palatal lingual arch. (B) Point for measuring the CPT on the

posterior third of the lingual body.

follicular hyperplasia (36/41, 87.8%), pharyngeal congestion
(13/41, 31.7%), mucosal hypertrophy (23/41, 56.1%), and
increased secretion (11/41, 26.9%).

All patients were assessed with the Hamilton Anxiety
Scale (HAM-A) and Hamilton Depression Scale (HAM-D).
The HAM-A is one of the earliest developed scales to mea-
sure the severity of anxiety symptoms,'® and it is still widely
used in clinical and scientific research. The scale is composed
of 14 items, and each item is scored using a 5-level scoring
method consisting of 0—4 points as follows: (0) no; (1) mild,
(2) moderate; (3) severe; and (4) extreme. The total score
reflects the severity of anxiety symptoms. The higher the
score, the more serious the anxiety symptoms are. The max-
imum score is 56, and the classification of anxiety level is as
follows: no anxiety< 7; mild anxiety = 8—14; moderate anxi-
ety = 15-23; and severe anxiety> 24. HAM-D is the most
widely used depression assessment scale in clinical
practice.'* The scale consists of 17 items, most of which
are graded with a 5-level scoring method of 04 points as
follows: (0) none; (1) mild; (2) moderate; (3) severe; and (4)
extremely severe. A small number of items are graded with
a 3-level scoring method with 02 points as follows: (0) none;
(1) mild—moderate; and (2) severe. The total score reflects the
severity of depressive symptoms. The higher the score, the
more serious the depressive symptoms are. The maximum
score is 52. The assessment of depression is classified as
follows: no depression<7; mild depression = 8—17; moderate
depression = 18-24; and severe depression >25.

CPT Testing

Equipment and consumables. We used the Neurometer
CPT/C Sensory Nerve Quantitative Detector (Neurotron,

Inc., Baltimore, MD, USA). The electrode mainline was
the electrode extension line (CBEX-4X), and we used self-
adhesive stimulating electrodes (SDE-4).

Test location and mode selection. Test site selection
was as follows: (A) palatal lingual arch and (B) posterior
third of the lingual body (Figure 1). The CPT testing mode
was set to automatic clinical CPT testing (p<0.005, resolu-
tion +20t, tA) in automatic double-blind test mode.

The testing was performed as follows. Subjects were
seated comfortably and tested in a quiet, light-friendly
environment with a temperature of approximately 24+3
degrees Celsius. At the palatoglossal arch, oral secretions
were removed as much as possible. The mucosal self-
adherent electrode was placed at any palatoglossal arch.
Three test frequencies (2000 Hz, 250 Hz, and 5 Hz) were
tested, and the test results were recorded. After measure-
ment, the electrodes were placed in the posterior third of
the lingual body. The CPT values of three frequencies
were measured using the same method. Each patient was
tested for no more than 15 minutes.

Statistical Analysis

The categorical variables were recorded as frequencies and
percentages. The distribution was evaluated with the one-
sample Kolmogorov—Smirnov normality test. Normally
distributed variables are presented as the mean (standard
deviation) and non-normally distributed variables as the
median (interquartile range). Differences between the
groups were analyzed with independent samples t-tests
for two groups. For non-normally distributed data, the
Mann—Whitney U-test was used for comparisons between
the two groups. In the correlation analysis, clinical factors
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influencing the CPT testing results were identified through
logistic regression analysis. For multiple comparisons,
one-factor analysis of variance (ANOVA) or non-
Kruskal-Wallis ANOVA followed by
a Bonferroni test was performed. A p-value of 0.05 or

parametric

less was considered statistically significant. Analyses
were conducted using SPSS 20.0 (IBM Corp., Armonk,
NY, USA).

Results
Demographic Data

There were no significant differences in age or sex
between the study and control groups (p>0.05; Table 1).

Factor Analysis

The results of the multiple linear regression analysis are
summarized in Table 2. There was no correlation between
CPT value and gender. No correlation between CPT value
and age was observed either.

Reference Values for CPT Testing

Based on the influencing factor analysis, the reference
values for CPT testing at three frequencies at different
sites were established (Table 3).

Comparison of Testing Sites

In the 60 control group cases and 41 study group cases, the
CPT values of the three different frequencies for current
stimulation and two different stimulation sites were com-
pared. A significant difference was identified between the
two groups at the palatoglossal arch and posterior third of
the lingual body at 5 Hz (p<0.05). The CPT value of the
study group was significantly lower than that of the control
group. There were no significant differences in the other
frequencies and
(Table 4).

locations between the two groups

Table | Age and Gender Distribution of the Two Groups: Study
Group and Control Group

Control Group Study Group | z/x2 P
Age 38+21.25(32.25,53.5)* | 46.98+13.011# | —1.737 | 0.082
Gender
Male n(%) 37(61.7) 17(41.5)
Female n(%) | 23(38.3) 24(58.5) 3.225 0.073

Notes: *Denotes mediantquartile range (QL, QU), #denotes meanxstandard
deviation. Mann—-Whitney U-test was used for the rank-sum test.

Table 2 Multiple Linear Regression Analysis of Influencing

Factors
Factor | Palatal Lingual Arch Posterior Third of the
Lingual Body
2000 Hz | 250 Hz | 5 Hz | 2000 Hz 250 Hz 5 Hz
Age 0.387 0.505 0.334 | 0.104 0.151 0.129
Gender | 0.683 0.071 0.326 | 0.624 0.23 0.186

Note: Multiple linear regression was used.

Table 3 Reference Values for CPT Testing in the Pharynx (n=60)

Location Frequency | Lower Mean | Upper
(Hz) 95% ClI 95% ClI
Palatal lingual arch 2000 303.66 32495 | 346.24
250 56.92 66.90 | 76.88
5 25 13 62.73*
Posterior third of 2000 339.46 359.17 | 378.88
the lingual body 250 77.84 86.92 96
5 2.21 19 72.48*

Note: *Represents the 95% interval of the median.

Comparisons of the CPT Values Between
Different Groups of Patients with Anxiety

or Depression

The 41 pharyngeal paresthesia patients with anxiety or
depression were subgrouped according to the severity of
anxiety or depression. There were 16, 17, and 8 mild,
moderate and severe cases, respectively. There were sig-
nificant differences in the CPT values between the control
group and the study subgroups at the palatoglossal arch
and posterior third of the lingual body at 5 Hz (corrected
p<0.05; Table 5). Although no significant difference in the
CPT values was observed between the mild subgroup and
the moderate subgroup at the palatoglossal arch and
among the three study subgroups at the posterior third of
the lingual body, a noticeably decreasing trend in the CPT
values at 5 Hz from the severe subgroup to the mild
subgroup was observed at both sites.

Discussion
The pathogenesis of pharyngeal paresthesia is very com-
plicated. It exists in a wide range of psychiatric disorders,

somatization disorders
15

with depression and having
a prominent position as associated factors.”” In this
study, HAM-A and HAM-D were used to preliminarily
explore the correlation between pharyngeal paresthesia

and psychological symptoms. Then, CPT was adopted to
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Table 4 Comparisons of the CPT Values Between the Control and Study Groups
Frequency (Hz) Location Control (n=60) Study (n=41) tiz P
2000 PLA 324.95+82.422 274+150.5 (218.5,369) —1.881 0.06
LB 359.17+76.299 333.95+107.395 1.38 0.171#
250 PLA 66.90+38.622 45+40.5 (29,69.5) —-1.826 0.068
LB 86.92+35.151 75.41+44.998 1.375 0.173#
5 PLA 13+14.93 (7.83,22.75) 6.5£5.75 (3.55,9.3) —5.032 <0.001
LB 19+15.73 (13.03,28.75) 8.9+11.75 (5.75,17.5) —3.988 <0.001
Notes: #Represents t-test; the others were based on the Mann—Whitney U-test.
Abbreviations: PLA, palatal lingual arch; LB, posterior 1/3 of the lingual body.
Table 5 Comparisons of the CPT Values Between Different Groups of Patients with Anxiety or Depression
Frequency (Hz) Location Control (n=60) Depression or Anxiety P
Mild (n=16) Moderate (n=17) Severe (n=8)
2000 PLA# 324.95+82.422a 294.94+110.65a 333.76x154.81a 223.5+41.5a 0.016
LB# 359.17+76.29%a 319.38+124.41a 335.47+106.97a 323.13+38.73a 0.326
250 PLA# 66.90+38.622a 57.81£31.62a 45+34a 28429 0.044
LB 86.92+35.151a 68.44+38.34a 83.82+53.66a 54.13+23.70a 0.023
5 PLA 13+14.93a 6.97+4.26b 6.79+3.18b 2.4%1.27c <0.001
LB 19+15.73a 10.25+5.22b 8.5£9.4b 8.25+4.74b <0.001

Notes: #Represents ANOVA; the others were based on the Kruskal-Wallis test. Different letters indicate significant differences after Bonferroni correction.

Abbreviations: PLA, palatal lingual arch; LB, posterior 1/3 of the lingual body.

quantitatively detect the function of the pharyngeal sen-
sory nerve and to locate the most relevant sensory nerve
fibers.

The sensory nerves of the pharynx are mainly glosso-
pharyngeal nerves and vagus nerves. The sensory fibers of
glossopharyngeal nerves are distributed throughout the
mucous membrane of the root of the tongue, tonsil and
pharynx. The soft palatal mucosa and tonsil are innervated
by the lesser palatal nerves and glossopharyngeal nerves.'®
The palatal lingual arch and posterior third of the lingual
body are important regions of the distribution of the glos-
sopharyngeal nerve sensory branches in the oropharyngeal
region. Therefore, we selected these two sites to test the
corresponding CPT values of the sensory nerve, which has
a strong sensitivity and specificity to pharyngeal
paresthesia.

In terms of gender effects, Seong et al reported gender
differences in normal CPT values that only appeared in the
2000-Hz stimulus assessment, and males had a higher
perception threshold.'” Females had higher myelinated
nerve fiber densities than males,'® which partly explains
the effects of gender on the CPT values under a stimulus

of 2000 Hz. However, this study found that the CPT

values of the pharyngeal sensory nerve are not related to
gender at any frequency. This contradiction may be due to
the different sizes of samples between our study and those
in the literature.

In consideration of age effects, previous literature has
indicated that the CPT value is closely related to age at
2000 Hz, and the sensitivity of vibration and pressure
sensation decreases with age.'” In this study, there was
no correlation between age factors and CPT values at two
test sites. Presumably, this inconsistency may be caused by
the different objectives of our study and the literature. Age
affects the sensory pathways in every part of the body;
thus, the density of nerve fibers and mechanoreceptors in
skin and muscle decreases over time.'® More specifically,
the decrease in nerve conduction velocity and the increase
in sensory conduction amplitude are strongly correlated
with the increase in age. These correlations are caused
by a decrease in the number of nerve fibers, the shortening
of the diameter of nerve fibers and the change in nerve
fiber membranes.”® To make a more accurate correlation
between the CPT reference values of the pharyngeal sen-
sory nerve, age and gender in the normal population,
further exploration is needed.

Neuropsychiatric Disease and Treatment 2020:16
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In this study, the CPT values of the palatal lingual arch
and posterior third of the lingual body at three different
frequencies were compared between 60 normal people and
41 people suffering from pharyngeal paresthesia with
depression or anxiety. We found significant differences in
the CPT values at 5 Hz at two locations. The CPT values
of the two loci in the study group were significantly lower
than those in the control group. The principle of CPT
detection is that three different frequencies of current
stimulation and selectively stimulate different subsets of
sensory nerve fibers. According to the literature, the 5-Hz
test corresponds to the unmyelinated C fibers,”! which
mainly transmit slow pain, temperature sensation, and
multimodal sensory damage.?” In this study, patients with
pharyngeal paresthesia and anxiety or depression often
complained of chronic pharyngeal pain and burning sensa-
tions. The subjective feelings of the patients as well as the
main findings at 5 Hz in this study suggest that these
patients had a significant state of sensory hypersensitivity
compared with the normal population and that this sensory
hypersensitivity can be physiologically quantified as
abnormal CPT values for the C nerve fibers. In addition,
the 41 pharyngeal paresthesia patients with anxiety or
depression were divided according to the severity of anxi-
ety or depression for the subgroup analysis. Significant
differences in the CPT values were observed between the
control group and the subgroups at the sites of the pala-
toglossal arch and posterior 1/3 of the lingual body at 5
Hz, which indicates that the CPT value at these sites at 5
Hz is of diagnostic significance in distinguishing the nor-
mal population from pharyngeal paresthesia patients with
anxiety or depression and that the measurement of CPT
values in the sensory nerve fibers at 5 Hz can be an
important quantitative detection method for pharyngeal
paresthesia patients with anxiety or depression. However,
our study did not show a significant difference between the
mild subgroup and the moderate subgroup at the palato-
glossal arch and among the subgroups at the posterior 1/3
of the lingual body. Presumably, these results were due to
a rather small sample size involved in this study. There
were only 16 cases of mild, 17 cases of moderate and 8
cases of severe disorders, and the data for subgroup ana-
lysis at 5 Hz were not normally distributed. Nevertheless,
a noticeably decreasing trend in the CPT values at 5 Hz
from the severe subgroup to the mild subgroup was
observed at both sites. To verify the diagnostic value of
CPT testing in distinguishing different severity levels of
anxiety or depression in pharyngeal paresthesia patients,

studies with a large sample size remain to be conducted in
the future.

This study had the following limitations. First, it was
conducted at a single center with a small sample size. To
validate the outcomes obtained in this study and to further
identify the diagnostic value of CPT for pharyngeal par-
esthesia in patients with anxiety or depression, future
multi-center research with a larger sample size remains
to be carried out. In addition, the results of this study may
also suffer from subjectivity during the operation process.
To obtain accurate outcomes, the close cooperation of
highly experienced clinicians and subjects is required.

Conclusion
CPT has been used in the diagnosis and research of many
types of sensory disorders, such as myelopathy, radiculopathy,
peripheral nerve injury, and focal nerve injury.* It can also be
used to judge the severity of clinical conditions, monitor the
progress of neuropathy, and monitor the recovery of neurolo-
gical function after surgery or trauma.***> In this study, CPT
was applied in the diagnosis of pharyngeal paresthesia, which
has not been reported before to the best of our knowledge.
The current study led to the following conclusion. The
CPT value of the pharyngeal nerve corresponding to 5 Hz in
pharyngeal paresthesia in patients with anxiety or depression
can be quantitatively detected, and this condition may be
caused by damage to C fibers. The findings of this study can
be used to quantify pharyngeal paresthesia in clinical settings.
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