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Abstract
Objectives Neuropsychological associations can be considerable in occlusal dysesthesia (OD) patients who routinely complain
of persistent occlusal discomfort, and somatization effects in the superior medial prefrontal cortex and the temporal and parietal
regions are also present. However, the relationship between physical activity, i.e., chewing, prefrontal cognitive demand, and
psychiatric states in OD patients remains unclear. We investigated this relationship in this study.
Materials and methods OD patients (n = 15) and healthy control (n = 15; HC) subjects were enrolled in this study. Occlusal
contact, chewing activities of the masticatory muscles, prefrontal activities, and psychiatric states such as depression and
somatization, of the participants were evaluated. Functional near-infrared spectroscopy was used to determine prefrontal hemo-
dynamics and the Symptom Checklist-90-R was used to score the psychiatric states.
Results We observed a significant association between prefrontal deactivation during chewing and somatization subscales in OD
patients. Further, there were no significant differences with regard to the occlusal state and chewing physical activities between
the OD patients and HC subjects.
Conclusions Chewing-related prefrontal deactivation may be associated with somatization severity in OD patients.
Clinical relevance fNIRS is a functional imaging method that uses the principal of neuro-vascular couplings. It is applicable for
evaluation of psychiatric state based on prefrontal cortex blood flow in patients with psychiatric disorders.
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Introduction

Persistent occlusal discomfort is a common complaint among
occlusal dysesthesia (OD) patients [1–4] who, in the presence
of depression, schizophrenia, panic, or somatoform disorders
[5–8], present with numerous neuropsychological associa-
tions. From a clinical standpoint, Tsukiyama et al. [2] recom-
mended a psychosomatic evaluation for diagnosis, and
Reeves JL and Merrill RL [5], and Toyofuku et al. [7] also
recommended cognitive behavioral therapy and anti-
depressants for the treatment of OD patients.

Neuropsychological evidence for somatization and
somatoform disorders has shown cortical associations with
the superior medial prefrontal cortex, temporal region, and
parietal region [9–13]. For example, Su et al. [13] reported a
positive relationship between somatization subscale and bilat-
eral superior medial prefrontal activities in patients with
somatoform pain disorders. With regard to somatization in
the oral region, Ono et al. [14] recently examined prefrontal
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activity and tooth contact sensation in relation to tooth grind-
ing, and they found that increased prefrontal hemody-
namic responses may reflect top–down attention and/or
self-regulation against uncomfortable somatosensory in-
put induced in OD patients. In addition, Umezaki et al.
[15] reported that temporal hyperperfusion was improved
along with alleviation of oral cenesthopathy in a clinical
study.

In relation to self-evaluation of sensory perception, the pre-
frontal cortices, principally the dorsolateral prefrontal cortex
(DLPFC) and the medial prefrontal cortex (m-PFC), may be
physiologically and pathologically involved in cognitive and
metacognitive functioning [16–21]. In addition, possible mod-
ifications of prefrontal metacognitive deficits were also report-
ed to occur in patients with psychiatric disorders [22, 23]. On
the basis of these findings, we speculated that psychiat-
ric patients complaining of OD may have a modulated
prefrontal cognition and metacognition in association with
psychological states.

Chewing is understandably a sensorimotor and multisenso-
ry cognitive function [24–26]. The central executive network
including the DLPFC may be involved in chewing execution
and the default module network including the m-PFC may be
involved in multisensory cognitive functioning [27, 28], self-
decisions, and self-evaluations for food choice and food re-
ward in regard to chewing performance [29–32]. Thus, if these
prefrontal activities are modulated in individuals with psychi-
atric disorders during chewing, multisensory cognitive dys-
regulation could be expected in patients complaining of OD,
independent of occlusal state and the behavioral aspects of
chewing. With these factors in mind, we speculated that
comprehensive modification of prefrontal cognitive and
metacognitive participation may be present in OD pa-
tients with psychiatric conditions. In the present study,
we examined prefrontal participation during chewing per-
formance to clarify chewing cognitive deficits in the patients
affected by OD, as well as chewing activities by the mastica-
tory muscle and jaw movement activities and occlusal contact
conditions.

We employed functional near-infrared spectroscopy
(fNIRS) to evaluate prefrontal cognitive abilities during
chewing, as this technique is considered suitable for examina-
tion of prefrontal chewing activities. Several studies have been
conducted to define prefrontal cognitive functioning in regard
to food flavor [33], food hardness [34], and sensorimotor gen-
eration [35] during chewing. In the present study, we investi-
gated specific behaviors that might be modulated by occlusal
contact conditions in OD patients. The purpose of our inves-
tigation was to obtain better understanding of features associ-
ated with prefrontal cognitive and metacognitive functioning
during chewing and psychiatric states in OD patients, which
might be independent of the physical demands related to
chewing behavior and occlusal contact state.

Materials and methods

Participants

This study was conducted from February 2011 to August
2013 at the Department of Temporomandibular Joint Pain
and Dysfunction of Nihon University School of Dentistry at
Matsudo Hospital, Japan. Based on proposals by Melis and
Zawawi [1], the study population included OD patients who
persistently complained of uncomfortable bite sensation for at
least 6 months in the absence of dental occlusal discrepancies,
such as centric prematurity or nonworking interference, or
when the complaints were disproportionate to those condi-
tions [14]. Fifteen OD patients, 8 males and 7 females, with
a mean age of 49.9 ± 16.1 years were investigated, and the
results were compared to those obtained from 15 age- and
gender-matched (Fisher’s exact test and Z test) HC subjects
(8 males, 7 females; age 39.3 ± 15.3 years). Clinical examina-
tions were conducted by 2 dentists, 1 of whom was a prostho-
dontics specialist. The 15 OD patients in this study had
complained of uncomfortable bite sensation for more than
1 year. Additionally, the OD patients had no symptoms such
as periodontal disease, pulpitis, temporomandibular disorders
based on RDC/TMD [36], or myofascial pain disorders. The
HC subject group was recruited from staff working at Nihon
University School of Dentistry at Matsudo and had no dental
occlusal discrepancies, no complaints or awareness of occlu-
sal dysesthesia, and no symptoms such as periodontal disease,
pulpitis, temporomandibular disorders based on RDC/TMD
[36], or myofascial pain disorders. The sample size, deter-
mined using the G*Power 3 software package (noncommer-
cial program downloaded from University of Dusseldorf,
Germany) [37], was estimated to be 10.67, which, for the
parameters established in this study, provided a significance
level of 0.05 and statistical power of 0.8. Of the 15 OD pa-
tients, 9 had a history of psychiatric examinations for psychi-
atric disorders, and had been prescribed anti-depressant and/or
anxiolytic medications.

Experimental procedures

Initially, all subjects were examined for psychological state
using the Symptom Checklist-90-R (SCL-90-R) [38, 39].
Additionally, prefrontal cortical activities were simultaneous-
ly recorded during chewing in order to further evaluate wheth-
er prefrontal activities during chewing were associated with
somatization subscale scores obtained with the SCL-90-R [38,
39]. We also determined occlusal status in terms of occlusal
force and occlusal contact area using the Dental Prescale oc-
clusal diagnostic system (Fujifilm Corp., Kuala Lumpur,
Malaysia), because chewing-related prefrontal activity and
occlusal discomfort during chewing are modulated not only
by psychiatric state, but also by alterations of the oral
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environment, such as tooth loss [40], occlusal interference,
and malocclusion [41]. The fNIRS measurements did not in-
terfere with the EMG electrodes or jaw movement tracking
while evaluating chewing performance in this study (Fig. 1).

Psychological assessment

All patients filled out a modified SCL-90-R [38, 39], which is
a brief and multidimensional self-reported inventory designed
to help clinicians screen for a broad range of psychological
problems and symptoms related to psychopathologies. SCL-
90-R findings provide both a depression scale and a scale
measuring the severity of nonspecific physical symptoms (so-
matization subscale), which can be used as part of Axis II
assessment [38, 39].

Task

A typical chewing session consisted of 5 trials with chewing
gum (Freezone, Lotte Co., Tokyo, Japan) and bilateral
chewing was performed in each session. A chewing trial
lasted for 10-s, with 40-s inter-trial phases. For the chewing
task, we used a single piece of chewing gum, and the start and
end of each trial was indicated to the participant by verbal
commands. The subjects were instructed to be quiet until giv-
en a verbal cue during the pre-chewing period. After the ver-
bal cue to start, they were instructed to chew the gum for 10 s
as the chewing period until the next verbal cue instructing
them to stop chewing. fNIRS measurements were performed
in all subjects during the rest session, during which there was
no task performance. To avoid the influence of the session
sequence on the results, the subjects were asked to perform
the chewing and rest sessions in a randomized order.

Measurements of masticatory muscle and jaw
movement activities during chewing

Masticatory muscle activities were recorded using surface
EMG electrodes. A pair of bipolar Ag/AgCl electrodes of 7-
mm diameter were attached to skin overlying the correspond-
ing muscle. The electrodes were positioned bilaterally on the
center of the masseter (Mm), anterior temporal (Ta), and an-
terior digastric (AD) muscles parallel to the direction of the
muscle fibers, with an inter-electrode distance of 20 mm. A
ground electrode was attached to the left ear lobe. EMG sig-
nals were amplified (AMPL 1253A, San-ei MED, Tokyo,
Japan), with the high frequency cutoff filter set at 1 kHz and
a time constant of 0.03 s and EMG data were analyzed for
cycle duration of AD muscle, burst duration, inter-burst dura-
tion, integrated area (Area), mean amplitude, and peak ampli-
tude of the Mm, Ta, and AD muscles during each chewing
cycle. Jaw movement activities were recorded using a MKG
computer system (K7-I, Myo-Tronics, Seattle, Wash, USA).

The position of the magnet attached to the buccal surface of
the lower central incisor is set at zero in the intercuspal posi-
tion. Jaw movements were analyzed in vertical move-
ment (mm), anteroposterior movement (mm), lateral
movement (mm), jaw-opening velocity (mm/s), and jaw-
closing velocity (mm/s).

Measurements of occlusal condition

Bilateral maximal occlusal force and contact area were mea-
sured using 97-μm-thick pressure-sensitive sheets (Dental
Prescale 50H R-type, Fuji Film Co., Tokyo, Japan) during
maximal clenching performance in the intercuspal position,
and occlusal data was calculated by a precalibrated scanning
device (Occluzer FPD703, Fuji Film Co., Tokyo, Japan) in
terms of occlusal force (N), asymmetrical index (AI) for oc-
clusal force (%), moment (N cm), average pressure (MPa),
andmaximum pressure (MPa), as well as occlusal contact area
(mm2) and AI for occlusal contact area (%).

fNIRS measurements of prefrontal activity
during chewing

Coordinates for all probe and anatomical landmark (Nz, Iz,
A1, A2, and Cz) positions were obtained using a 3-
dimensional digitizer (3SPACE ISOTRAK2, Polhemus, VT,
USA) and transcribed into Montreal Neurological Institute
standard brain space [42] using probabilistic registration
[43]. Probe positions were then projected onto the cortical
surface and the anatomic localization corresponding to each
probe coordinate was identified using Platform for Optical

Fig. 1 Chewing behavior and associated prefrontal cortical activities
were simultaneously determined during chewing performance using
fNIRS, EMG, and jaw movement tracking devices (MKG). The fNIRS
measurements did not interfere with the EMG electrodes or jaw
movement tracking devices
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Topography Analysis Tools (POTATo, Hitachi, Tokyo,
Japan), with reference to the Brodmann area [44]. Prefrontal
activity was assessed using a 22-channel fNIRS device (ETG-
100, Hitachi Medical Co., Chiba, Japan), which utilizes near-
infrared light at two wavelengths: 780 and 830 nm [45]. The
distance between each pair of detector probes was 3.0 cm and
the device was set to measure at points associated with the
surface of the cerebral cortex [46]. The probes were fitted with
3 × 5 thermoplastic shells and placed in the prefrontal region,
whereas the bottom lines of the fNIRS probes were set accord-
ing to FP1 and FP2, with referral to the international 10–20
system [47]. Change in [oxy-Hb] was used as an indicator of
change in regional cerebral blood volume, as that has been
reported to be more sensitive than [deoxy-Hb] as a parameter
for measuring blood flow change associated with brain acti-
vation [48] and has a strong correlation with blood-
oxygenation-level-dependent signals measured by fMRI
[49]. The sampling interval was 0.1 s. During the measure-
ments, the subjects were instructed to open their eyes and gaze
at a point in front of them. Each trial was repeated five times
and obtained values were averaged using the Bintegral mode^
of the ETG-100 software for the chewing sessions. Channels
14 and 18 showed a decrease in [oxy-Hb] preceding perfor-
mance of the chewing task, indicating appearance of [oxy-Hb]
artifacts probably caused by preliminary strain related to tem-
poral muscle and/or jaw movement activities. Those channels
were excluded from the fNIRS measurements. Anatomical
location of the fNIRS channels has been shown in Fig. 2.
These channels were localized in the dorsolateral prefrontal
cortex (DLPFC), frontopolar area (FPA), pars triangularis

Broca’s area (BA), orbitofrontal cortex (OFC), and inferior
prefrontal gyrus (IPG). Each circle corresponded to a channel
and the pie chart within each circle in Fig. 2 shows the per-
centage of areas in that channel (Fig. 2).

Statistical analysis

For statistical analyses of masticatory muscle and jaw move-
ment activities, and occlusal status between the OD patients
and HC subjects, we used t test or Mann–Whitney rank sum
test. The value for [oxy-Hb] was calculated at 1-s intervals and
compared between the rest and chewing sessions, and be-
tween the OD patients and HC subjects using paired t test or
t test implemented with a plug-in-based analysis platform that
runs on MATLAB (The MathWorks Inc. MA, USA). A topo-
graphical representation of significant (p < 0.05) channels ev-
ery 1 s was projected onto the occipital cortical surface of a
Montreal Neurological Institute standard brain space [50]
using a 3-dimensional composite display unit (version 2.41,
Hitachi Medical Co. Chiba Japan) [51]. Two-way ANOVA
was applied, and a Bonferroni t test was used for multiple
comparisons between the OD patients and HC subjects, and
between OD patients with and without a history of psychiatric
examinations for the time course of averaged data for accu-
mulated [oxy-Hb] in the pre-chewing, chewing, and post-
chewing periods. Furthermore, Spearman’s rank order corre-
lation coefficient was used to estimate relationships among
[oxy-Hb] data accumulated from 20 channels in the chewing
period, and depression scale, somatization scale, and somati-
zation without pain scale. In addition, statistical examinations,

Fig. 2 Anatomical identification of fNIRS channels. Coordinates for all
probe and anatomical landmark positions (Nz, Iz, A1, A2, and Cz) were
obtained using a 3-dimensional digitizer. Probabilistic registration was used
to transcribe themeasuring points for each subject according to the protocol
of the Montreal Neurological Institute and those points were projected onto
the cortical surface. Anatomical localization was identified using the

Platform for Optical Topography Analysis Tools, with reference to
Automated Anatomical Labeling system. Red, orange, yellow, green, blue,
and purple represent DLPFC (BA9), DLPFC (BA46), FPA (BA10), BA
(BA45), OFC (BA11), and IFG (BA47), respectively. Each circle corre-
sponds to a channel and the pie chart within each circle shows the percent-
age of areas in that channel
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for masticatory muscle EMG and jaw movement activities,
and occlusal condition, were also conducted with t test or
Mann–Whitney rank sum test between the nine OD patients
with a history of psychiatric conditions and the six OD pa-
tients without such a history. Fisher’s exact test was used to
evaluate the gender difference between OD patients and HC
subjects, and Z test was also used for evaluating the gender
difference between OD patients with and without a history
of psychiatric examinations. The statistical software
package SigmaPlot 12.5 (Systat Software Inc., CA,
USA) was used for all analyses and p values of < 0.05 were
considered to indicate significance.

Results

Intensity of occlusal discomfort, disease duration,
and SCL-90-R scores for the OD patients and the HC
subjects

Nine of the OD patients had a history of psychiatric conditions,
including depression in 3 males and 1 female, anxiety disorder
in 1 male and 1 female, somatoform disorder in 1 male, panic
disorder in 1 female, and schizophrenia in 1 female (Table 1).
Numerical rating scale (NRS, 0–10) scores for the intensity of
occlusal dysesthesia ranged from 6 to 10, while the average and

Table 1 Clinical and biographical characteristics in 15 OD patients

OD patients Age (gender) Psychiatric disorder Drug administration Intensity of occlusal
dysesthesia

Distress
period (years)

A 60 (F) Depression Sleep-inducing drug, anti-anxiety
drug, and anti-depressants for 4 years

9 1

B 29 (M) Depression Anti-anxiety drug and anti-convulsive
drug for 8 years

7 9

C 44 (M) Depression Anti-anxiety drug, anti-depressants, and
anti-psychotic drug for 0.5 year

8 1

D 76 (M) Depression Anti-anxiety drug for 5 years 7 5

E 24 (M) Anxiety disorder Sleep-inducing drug and anti-anxiety
drug for 2 years

6 1.5

F 63 (F) Anxiety disorder Anti-anxiety drug for 5 years 10 4.5

G 44 (M) Somatoform disorder Refusal of drugs taking for 1 year 10 6

H 55 (F) Panic disorder Anti-anxiety drug and anti-depressants
for 1.5 year

7 3

I. 65 (F) Schizophrenia Anti-anxiety drug and anti-psychotic
drug for 1 year

8 1

J 65 (M) No medical examination None 7 2

K 52 (F) No medical examination None 7 1

L 43 (F) No medical examination None 9 1

M 20 (M) No medical examination None 10 1

N 51 (F) No medical examination None 8 2

O 57 (M) No medical examination None 6 4

Numerical rating scale (NRS, 0–10) scores for the intensity of occlusal dysesthesia ranged from 6 to 10, while the average and standard deviation (SD)
value was 8.0 ± 1.4 in the 15 OD patients. The period of distress ranged from 1 to 9 years, and the average and standard deviation (SD) value was 2.9 ±
2.4 years

Fig. 3 Comparison of SCL-90-R score between OD patients and HC sub-
jects. Subscale scores for depression, somatization, and somatization with-
out pain were significantly (**p < 0.01, Mann–Whitney rank sum test)

different between the OD patients and HC subjects. Range presented in
gray is normal, light blue is moderate, and white is severe. OD occlusal
dysesthesia, HC healthy control
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standard deviation (SD) value was 8.0 ± 1.4 in the 15 OD pa-
tients (Table 1). The period of distress ranged from 1 to 9 years,
and the average and standard deviation (SD) value was 2.9 ±
2.4 years (Table 1). In contrast, HC subjects had no complaints
as observed in OD group and no psychiatric conditions. The
SCL-90-R scores for depression, somatization, and somatiza-
tion without pain for 15 OD patients were 1.77 ± 0.60, 1.29 ±
0.54, and 1.13 ± 0.64, respectively; which were found to be
significantly higher (p < 0.01, Mann–Whitney rank sum test)
than scores in HC subjects that were 0.07 ± 0.12, 0.04 ± 0.08,
and 0.03 ± 0.08, respectively (Fig. 3).

Masticatory muscle and jaw movement activities
during chewing and occlusal condition in the OD
patients and HC subjects

There was no significant (t test orMann–Whitney rank sum test)
differences between the OD patients and HC subjects in the
cycle duration for AD muscle EMG activity, and burst dura-
tions, inter-burst durations, area, mean amplitude, and peak am-
plitude for Mm, Ta, and AD muscle EMG activities (Table 2).
Similarly, vertical, anteroposterior, and lateral jaw movement
activities, as well as jaw-opening and jaw-closing velocity were
found to be not significantly (t test or Mann–Whitney rank sum
test) different between the OD patients and HC subjects (Table
3). Moreover, occlusal contact area, occlusal force, moment,
average pressure, maximum pressure, and occlusal contact area
AI, or occlusal force AIwere also found to be not significantly (t
test or Mann–Whitney rank sum test) different between the OD
patients and HC subjects (Table 4).

Prefrontal activity during chewing for the OD patients
and HC subjects

Grand averaged waveforms [oxy-Hb] obtained during rest
and chewing sessions

The grand averaged waveforms for changes in [oxy-Hb] and
[deoxy-Hb] during the rest and chewing sessions have been
shown in the OD patients and HC subjects (Fig. 4). The HC
subjects showed a marked increase [oxy-Hb] as the grand-
average wave form in chewing period, as compared to the rest
period. In contrast, the OD patients presented slight changes in
[oxy-Hb] for chewing period as compared with the rest period
(Fig. 4).

Cross-sectional topographies for OD patients and HC subjects
during chewing and rest sessions

Chewing session vs. rest session in HC subjects The values for
[oxy-Hb] in the pre-chewing period were significantly (p< 0.05,
paired t test) increased in DLPFC, DLPFC/FPA, FPA, BA/
DLPFC, and OFC/FPA, as compared to those in the pre-rest

Table 2 Masticatory muscle EMG activities during chewing in HC
subjects and OD patients

HC subjects OD patients

Mean SD Mean SD p value

Number of chewing strokes

Mm 63.70 13.30 71.60 11.40 0.093

Cycle duration (ms)

AD 698.40 144.30 827.50 266.70 0.11

Burst duration (ms)

Mm 274.10 62.60 314.60 67.20 0.099

Ta 257.20 53.70 301.90 71.70 0.063

AD 324.00 79.30 365.00 92.80 0.204

Inter-burst duration (ms)

Mm 406.80 103.10 434.80 150.00 0.619

Ta 423.00 125.20 451.80 153.20 0.577

AD 374.60 129.70 477.70 188.10 0.158

Area (mV s)

Mm 0.03 0.01 0.03 0.01 0.213

Ta 0.02 0.01 0.03 0.03 0.59

AD 0.02 0.01 0.01 0.01 0.377

Mean amplitude (mV)

Mm 0.12 0.06 0.08 0.05 0.065

Ta 0.09 0.05 0.13 0.15 0.836

AD 0.05 0.03 0.04 0.02 0.245

Peak amplitude (mV)

Mm 0.64 0.31 0.55 0.36 0.158

Ta 0.54 0.26 0.51 0.30 0.729

AD 0.29 0.20 0.22 0.13 0.431

There were no significant differences in regard to masticatory muscle
EMG activities during chewing between the HC subjects and OD patients
(t test is indicated in normal font, Mann–Whitney rank sum test is indi-
cated in bold font)

HC healthy control, OD occlusal dysesthesia, Mm masseter muscle, Ta
anterior temporal muscle, AD anterior digastric muscle

Table 3 Jaw movement activities during chewing in HC subjects and
OD patients

HC subjects OD patients

Mean SD Mean SD p value

Number of chewing strokes 63.0 12.2 71.3 11.4 0.064

Vertical (mm) 13.2 6.0 11.0 3.7 0.088

Anteroposterior (mm) 4.4 3.0 4.5 2.5 0.905

Lateral (mm) 4.7 2.5 3.7 2.5 0.301

Open velocity (mm/s) 47.3 33.5 41.6 21.5 0.590

Close velocity (mm/s) 43.5 33.6 49.2 20.6 0.579

There were no significant differences in regard to jaw movement activities
during chewing between theHC subjects andODpatients (t test is indicated
in normal font, Mann–Whitney rank sum test is indicated in bold font)

HC healthy control, OD occlusal dysesthesia
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period (Fig. 5a, Table 5a). The values for [oxy-Hb] in the
chewing period were significantly (p < 0.05, paired t test) in-
creased in DLPFC, DLPFC/FPA, FPA, BA/DLPFC, OFC/
FPA, and FPA/OFC/IPG/DLPFC, as compared to those in the
rest period (Fig. 5a, Table 5a). The values for [oxy-Hb] in the
post-chewing period were significantly (p < 0.05, paired t test)
increased in BA/DLPFC, as compared to post-rest period (Fig.
5a, Table 5a).

Chewing session vs. rest session in OD patients OD patients
demonstrated values for [oxy-Hb] in the pre-chewing period
that were significantly (p < 0.05, paired t test) increased in
DLPFC, DLPFC/FPA, FPA, OFC/FPA, and FPA/OFC/IPG/
DLPFC, as compared to those in the pre-rest period (Fig. 5b,
Table 5b). The values for [oxy-Hb] in the chewing periodwere
significantly (p < 0.05, paired t test) increased in DLPFC,
DLPFC/FPA, FPA, BA/DLPFC, OFC/FPA, and FPA/OFC/

Fig. 4 Grand averaged waveforms [oxy-Hb] obtained during rest and
chewing sessions. Grand averaged changes in oxygenated-hemoglobin
concentration ([oxy-Hb], red line) and deoxygenated-hemoglobin concen-
tration ([deoxy-Hb], blue line) from 20 measurement channels during the
rest and chewing sessions are shown. The x-axis indicates time (s) and y-

axis hemodynamic change (mMmm). Vertical lines at 20 and 30 s indicate
the start and end of the 10-s task period, respectively. Increases in prefrontal
[oxy-Hb] was not clearly shown in chewing period for OD patients, while
marked increases in prefrontal [oxy-Hb] for the HC subjects was noted in
the chewing period. OD occlusal dysesthesia, HC healthy control

Table 4 Occlusal condition in HC subjects and OD patients

HC subjects OD patients

Mean SD Mean SD p value

Area (mm2) 20.30 15.30 19.40 10.60 0.787

Area AI (%) 16.50 12.30 17.70 20.00 0.856

Force (N) 830.30 581.10 788.90 399.90 0.836

Force AI (%) 16.10 8.60 13.40 15.60 0.563

Moment (N cm) 2048.60 1374.00 2045.70 1064.90 0.619

Average pressure (MPa) 42.30 7.70 42.10 5.10 0.934

Maximum pressure (MPa) 110.00 11.10 110.90 11.60 0.795

There were no significant differences in regard to occlusal condition between the HC subjects and OD patients (t test is indicated in normal font, Mann–
Whitney rank sum test is indicated in bold font)

HC healthy control, OD occlusal dysesthesia
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IPG/DLPFC, as compared to those in the rest period (Fig. 5b,
Table 5b). The value for [oxy-Hb] in the post-chewing
period was significantly (p < 0.05, paired t test) increased
in FPA/OFC/IPG/DLPFC as compared to those in the
post-rest period, while the values for [oxy-Hb] in the
post-chewing period were significantly (p < 0.05, paired t
test) decreased in DLPFC, DLPFC/FPA, FPA, and OFC/
FPA, as compared to those in the post-rest period (Fig. 5b,
Table 5b).

OD patients and HC subjects for rest session In a comparison
between the OD patients and HC subjects during the rest ses-
sion, the values for [oxy-Hb] of the OD patients in the pre-rest
period were significantly (p < 0.05, t test) decreased in
DLPFC, and increased in DLPFC/FPA and BA/DLPFC, as
compared to those in the HC subjects (Fig. 5c, Table 5c).
The values for [oxy-Hb] of the OD patients in the rest period
were significantly (p < 0.05, t test) decreased in DLPFC,
DLPFC/FPA, FPA, OFC/FPA, and FPA/OFC/IPG/DLPFC,

Fig. 5 Cross-sectional topographies for OD patients and HC subjects
during chewing and rest sessions. a HC subjects showed markedly
increased prefrontal activities especially in the chewing period during
the chewing session as compared with the rest session. b OD patients
showed slight increases in prefrontal activities especially in the chewing
period during the chewing session as compared with the rest session. c
OD patients showed decreases in prefrontal activities during the rest

session especially as compared with the HC subjects. d OD patients
showed markedly decreased prefrontal activities in the chewing period
as compared with the HC subjects. Orange rectangles indicate chewing
and rest periods. Data presented in a and b were subjected to a paired t
test, which showed 5 and 1% risk rate values of 2.364 and 3.499,
respectively. Data presented in c and d were also subjected to a t test,
which showed 5 and 1% risk rate values of 2.086 and 2.845, respectively
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Table 5 Significantly different channels and corresponding brain regions presented in cross-sectional statistical topographies of [oxy-Hb]

a. Chewing session vs. rest session in HC subjects

Brodmann area Pre-chewing / pre-rest Chewing / rest Post-chewing / post-rest

DLPFC CH 1 CH 1, 2, 3, 4 ns

DLPFC/FPA CH 6, 10 CH 6, 7, 8, 10, 13 ns

FPA CH 11 CH 11, 12, 16 ns

BA/DLPFC CH 5 CH 5, 9 CH 5, 9 

OFC/FPA CH 20, 21 CH 15, 17, 20, 21 ns

FPA/OFC/IPG/DLPFC ns CH 19 ns

b. Chewing session vs. rest session in OD patients

Brodmann area Pre-chewing / pre-rest Chewing / rest Post-chewing / post-rest

DLPFC CH 2, 3 CH 4 CH 2, 3

DLPFC/FPA CH 7, 8 CH 13 CH 6, 8, 10

FPA CH 11, 12, 16 CH 12, 16 CH 11, 16

BA/DLPFC ns CH 9 ns

OFC/FPA CH 15, 17, 20, 21 CH 17, 20 CH 17

FPA/OFC/IPG/DLPFC CH 19 CH 19, 22 CH 19 

c. OD patients vs. HC subjects for rest session

Brodmann area Pre-rest Rest Post-rest

DLPFC CH 3 CH 1, 4 ns

DLPFC/FPA CH 10 CH 8 ns

FPA ns CH 16 ns

BA/DLPFC CH 5 CH 5, 9 ns

OFC/FPA ns CH 15, 17, 20, 21 CH 15, 17, 20, 21

FPA/OFC/IPG/DLPFC ns CH 19, 22 CH 19, 22 

d. OD patients vs. HC subjects for chewing session

Brodmann area Pre-chewing Chewing Post-chewing

DLPFC ns CH 1, 2, 3, 4 ns

DLPFC/FPA ns CH 6, 7, 8, 10, 13 ns

FPA ns CH 11, 12, 16 ns

BA/DLPFC ns CH 5 ns

OFC/FPA ns CH 15, 17, 20, 21 ns

FPA/OFC/IPG/DLPFC ns ns ns

(a) Chewing and rest sessions in HC subjects. HC subjects showed significant (p < 0.05, paired t test) increases in the brain regions of DLPFC, DLPFC/
FPA, and FPA during the chewing session as compared with the rest session. Channels (black) show increases in values of [oxy-Hb]. (b) Chewing and
rest sessions in OD patients. OD patients showed slight increases in brain regions of DLPFC, DLPFC/FPA, and FPA during the chewing session as
compared with the rest session. In contrast, they showed significant (p < 0.05, paired t test) decreases in the brain regions of DLPFC, DLPFC/FPA, and
FPA in post-chewing period as compared with the post-rest period. Channels shown in black present increases in values of [oxy-Hb], while channels
shown in red present decreases in values of [oxy-Hb]. (c) OD patients and HC subjects for rest session. OD patients showed significant (p < 0.05, t test)
decreases in the brain regions of DLPFC, DLPFC/FPA, and FPA in the rest period as compared with the HC subjects. Channels shown in black present
increases in values of [oxy-Hb]. Channels in red present decreases in values of [oxy-Hb]. (d) OD patients and HC subjects for chewing session. OD
patients showed significant (p < 0.05, t test) decreases in brain regions of DLPFC,DLPFC/FPA, and FPA in the chewing period as compared with the HC
subjects. Channels shown in red present decreases in values of [oxy-Hb]
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as compared to those of the HC subjects. In contrast, the
values for [oxy-Hb] of the OD patients in the rest period were
significantly (p < 0.05, t test) increased in BA/DLPFC as com-
pared to those of the HC subjects (Fig. 5c, Table 5c). The
values for [oxy-Hb] of the OD patients in the post-rest period
were significantly (p < 0.05, t test) decreased in OFC/FPA and
FPA/OFC/IPG/DLPFC, as compared to those in post-rest pe-
riod of the HC subjects (Fig. 5c, Table 5c).

OD patients and HC subjects for chewing session The values
for [oxy-Hb] of the OD patients in the chewing period patients
were significantly (p < 0.05, t test) decreased in DLPFC,
DLPFC/FPA, FPA, BA/DLPFC, and OFC/FPA, as compared
to those in the HC subjects (Fig. 5d, Table 5d).

Accumulated [oxy-Hb] in pre-chewing, chewing,
and post-chewing periods

On the basis of the results of statistical comparisons between
the OD patients and HC subjects during the chewing session,
we performed two-way ANOVA on data for accumulated
[oxy-Hb] from all channels. The significant interactions

between the OD patients and HC subjects were presented for
time at CH 2 (F = 3.591, p = 0.032, power of performed test
0.494), CH 3 (F = 3.635, p = 0.031, power of performed test
0.502), CH 6 (F = 8.023, p < 0.001, power of performed test
0.932), CH 8 (F = 4.894, p = 0.010, power of performed test
0.690), CH 10 (F = 4.214, p = 0.018, power of performed test
0.594), CH 11 (F = 3.388, p = 0.038, power of performed test
0.459), CH 13 (F = 4.576, p = 0.013, power of performed test
0.647), and CH 15 (F = 3.515, p = 0.034, power of performed
test 0.481). In the OD patients, there were significant (p <
0.05, Bonferroni t test) decreases in the [oxy-Hb] values for
DLPFC, DLPFC/FPA, FPA, and FPA/OFC in the chewing
period, and for DLPFC/FPA in the post-chewing period, as
compared to the HC subjects (Fig. 6).

Correlations between the accumulated [oxy-Hb]
in chewing period and the SCL-90-R scores
for depression, somatization, and somatization
without pain for the OD patients and the HC subjects

HC subjects did not show any significant (Spearman’s rank
order correlation) correlations for any of channels between

Fig. 6 Accumulated [oxy-Hb] for the HC subjects and OD patients in
pre-chewing, chewing, and post-chewing periods. The accumulated [oxy-
Hb] for the OD patients was significantly (*p < 0.05, two-way ANOVA
and Bonferroni t test,) decreased for right DLPFC (CH 2) and left DLPFC

(CH 3), right DLPFC/FPA (CH 6, 10) and left DLPFC/FPA (CH 8, 13),
right FPA (CH 11), and right FPA/OFC (CH 15) in the chewing period,
and also decreased in the post-chewing period for right DLPFC/FPA (CH
6, 10) and left DLPF/FPA (CH 8) as compared to the HC subjects
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Fig. 7 Correlation diagrams and correlation coefficients topographies
between accumulated [oxy-Hb] in chewing period and SCL-90-R scores
for somatization, and somatization without pain. The accumulated [oxy-Hb]
in chewing period significantly (Spearman’s rank order correlation) corre-
lated with somatization score and somatization without pain score in right
DLPFC/FPA (CH 6) and left DLPFC/FPA (CH 8). p values for topography
of correlation coefficient values are also focused in right DLPFC/FPA (CH

6) and left DLPFC/FPA (CH 8). The x-axis indicates somatization and
somatization without pain, and the y-axis indicates accumulated [oxy-Hb]
in the chewing period and linear regression equation results. r = correlation
coefficient, p = p value. Red circles show OD patients with history of
psychiatry examination and blue circles show OD patients without history
of psychiatry examination

Table 6 Gender, age, intensity of occlusal discomfort, disease duration, and SCL-90-R score for OD patients with and without history of psychiatric
examinations

OD patients With history of psychiatric examination Without history of psychiatric examination p value

Gender N % N % 0.883

Male 5 56 3 50

Female 4 44 3 50

Mean SD Mean SD

Age 51.1 17.2 48.0 15.5 0.728

Intensity of occlusal discomfort 80.0 14.1 77.5 15.4 0.751

Disease duration (years) 1.4 0.4 1.2 0.7 0.288

SCL-90-R

Depression score 1.99 0.58 1.43 0.49 0.073

Somatization score 1.35 0.44 1.19 0.70 0.599

Somatization without pain score 1.25 0.51 0.95 0.81 0.389

There were no significant differences in regard to gender, age, intensity of occlusal discomfort, disease duration, and SCL-90-R score between OD
patients with and without a history of psychiatric examinations (Z test is indicated in italics, t test is indicated in normal font, Mann–Whitney rank sum
test is indicated in bold font)

OD occlusal dysesthesia
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accumulated [oxy-Hb] in the chewing period and SCL-90-R
scores for depression, somatization, and somatization without
pain. As for the OD patients, significant (Spearman’s rank order
correlation) correlations, between accumulated [oxy-Hb] in the
chewing period and SCL-90-R scores in somatization score and
somatization without pain score, were seen in right DLPFC/
FPA (CH 6) and left DLPFC/FPA (CH 8) (Fig. 7).

Gender, age, intensity of occlusal discomfort, disease
duration, and SCL-90-R scores for the OD patients
with and without history of psychiatric examinations

In OD patients with and without history of psychiatric
examinations, there were no significant differences (t test
or Mann–Whitney rank sum test) in intensity of occlusal
discomfort and disease duration. Similarly, there was no

significant difference (p < 0.05, t test) between SCL-90-R
score for depression, somatization, and somatization with-
out pain (Table 6).

Masticatory muscle and jaw movement activities
during chewing and occlusal condition in OD patients
with and without history of psychiatric examinations

In OD patients with and without history of psychiatric examina-
tions, there were no significant differences (p < 0.05, t test or
Mann–Whitney rank sum test) in regard to masticatory muscle
activities, vertical movement, anteroposterior movement, lateral
movement, open velocity and close velocity, and occlusal condi-
tion in occlusal contact area, force, moment, average pressure,
maximum pressure, occlusal contact area asymmetry index (AI),
and occlusal force AI (Table 7).

Table 7 Masticatorymuscle and jawmovement activities during chewing and occlusal condition in ODpatients with and without history of psychiatric
examinations

OD patients With history of psychiatric examination Without history of psychiatric examination

Mean SD Mean SD p value

Masticatory muscle activity
Number of chewing strokes Mm 60.20 12.40 69.00 14.00 0.223
Cycle duration (msec) AD 754.90 122.20 936.50 389.20 0.596
Burst duration (msec) Mm 315.30 52.30 313.50 90.80 0.963

Ta 309.80 49.40 290.20 101.10 0.624
AD 357.20 59.90 376.70 134.40 0.705

Inter-burst duration (msec) Mm 415.30 95.80 464.10 215.90 0.556
Ta 415.10 97.40 506.80 210.80 0.271
AD 421.80 72.60 561.50 276.70 0.596

Area (mV*sec) Mm 0.03 0.02 0.02 0.00 0.243
Ta 0.03 0.01 0.04 0.05 0.316
AD 0.02 0.01 0.01 0.00 0.289

Mean amplitude (mV) Mm 0.09 0.06 0.06 0.02 0.192
Ta 0.09 0.04 0.19 0.23 0.204
AD 0.04 0.02 0.03 0.01 0.263

Peak amplitude (mV) Mm 0.65 0.44 0.39 0.07 0.517
Ta 0.62 0.32 0.33 0.15 0.065
AD 0.24 0.17 0.18 0.06 0.438

Jaw movement activity
Vertical (mm) 10.90 4.50 11.30 2.10 0.859
Anteroposterior (mm) 3.90 2.20 5.50 2.90 0.235
Lateral (mm) 3.90 2.50 3.40 2.70 0.701
Open velocity (mm/s) 37.90 26.40 47.10 11.00 0.44
Close velocity (mm/s) 43.20 18.30 58.20 22.10 0.174
Occlusal condition
Area (mm2) 23.20 9.10 13.70 10.80 0.087
Area AI (%) 19.20 17.40 25.70 10.60 0.43
Force (N) 912.00 313.10 604.20 472.00 0.15
Force AI (%) 14.50 15.20 17.90 9.70 0.638
Moment (N cm) 2379.00 908.90 1546.00 1164.00 0.144
Average pressure (MPa) 40.70 5.50 44.30 4.20 0.196
Maximum pressure (MPa) 111.80 12.00 109.60 12.10 0.595

There were no significant differences in regard to masticatory muscle and jaw movement activities during chewing, or occlusal condition between OD
patients with and without a history of psychiatric examinations (t-test is indicated in normal font, Mann–Whitney rank sum test is indicated in bold font)

OD occlusal dysesthesia
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Prefrontal activities in OD patients with and
without history of psychiatric examinations

In OD patients with and without history of psychiatric exam-
inations, there were no significant (p < 0.05, two-way
ANOVA and a Bonferroni t test) differences between the
two groups in the values for [oxy-Hb] in the pre-chewing,
chewing, and post-chewing periods (Table 8).

Distribution of OD patients with and without history
of psychiatric examinations in the correlation
diagrams between accumulated [oxy-Hb]
in the chewing period and SCL-90-R scores
in somatization

OD patients with and without history of psychiatric ex-
aminations were found to be similarly distributed in the
correlation diagrams between accumulated [oxy-Hb] in
the chewing period and SCL-90-R scores in somatization
and somatization without pain (Fig. 7).

Discussion

Here, for the first time, we report that OD patients had a
significant association of prefrontal deactivation during
chewing with the severity of somatization, as per the SCL-
90-R scoring. On the other hand, OD patients did not demon-
strate any significant modifications of occlusal state or
chewing activities as compared to HC subjects.

It has been previously reported that prefrontal activity dur-
ing chewing is involved in food preference [29], self-
evaluation of chewing ability [35, 40], food reward [35], food
representation, and monitoring of eating behavior [52].
Furthermore, the DLPFC and m-PFC are also involved in
multisensory sensory functioning as well as execution, atten-
tion, and working memory participations [25–29, 32].
Considering the functional convergence in prefrontal cogni-
tions [53] and its deactivation in psychiatric patients [22, 23],
it is conceivable that the comprehensive cognitive and
metacognitive capacities such as subjective evaluation of so-
matic sensory cognition might be modulated in OD patients.

Table 8 Values for [oxy-Hb] in pre-chewing, chewing, and post-chewing periods for OD patients with and without history of psychiatric examinations

Pre-chewing Chewing Post-chewing

OD patients With history
of psychiatric
examination

Without history
of psychiatric
examination

With history of
psychiatric
examination

Without history
of psychiatric
examination

With history of
psychiatric
examination

Without history
of psychiatric
examination

Brodmann area Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD p value

CH 1 R-DLPFC 1.327 1.707 − 1.634 1.407 0.844 2.599 0.854 2.449 − 1.314 1.688 − 0.109 2.903 0.525

CH 2 R-DLPFC 0.600 0.839 0.122 1.287 0.332 1.908 − 0.567 1.032 − 1.673 3.058 − 2.664 1.863 0.928

CH 3 L-DLPFC 0.027 1.224 0.004 1.472 − 0.031 2.157 − 0.251 1.498 − 1.834 3.072 − 2.714 2.148 0.909

CH 4 L-DLPFC 0.964 1.656 − 0.183 1.236 1.298 1.331 1.050 1.683 − 0.550 2.359 − 1.243 1.832 0.789

CH 5 R-Broca/R-DLPFC 1.374 1.679 − 1.095 1.992 0.904 2.428 3.413 3.298 − 0.934 2.869 0.935 1.412 0.383

CH 6 R-DLPFC/FPA 1.335 1.367 − 0.399 1.442 − 0.360 1.884 − 1.457 2.213 − 2.374 2.033 − 2.361 1.924 0.437

CH 7 FPA/DLPFC 1.009 1.076 − 0.920 2.193 0.191 2.474 0.331 3.163 − 2.464 2.572 − 0.970 2.480 0.159

CH 8 L-DLPFC/FPA 1.025 1.101 − 0.683 2.394 0.011 1.913 − 1.046 1.471 − 1.947 2.605 − 2.724 2.117 0.814

CH 9 L-Broca/L-DLPFC 1.283 1.940 − 0.635 1.677 1.727 1.633 2.293 1.732 0.189 1.896 0.303 0.707 0.125

CH 10 R-DLPFC/FPA 1.089 1.417 − 1.213 2.068 0.072 3.670 0.195 2.447 − 1.409 2.356 − 1.218 1.933 0.316

CH 11 R-FPA 1.148 0.669 − 0.897 2.488 − 0.388 4.150 − 1.389 4.036 − 2.695 3.188 − 1.771 3.370 0.451

CH 12 L-FPA 1.307 1.559 − 0.071 2.003 0.881 1.859 − 0.519 2.277 − 2.129 2.267 − 2.366 2.983 0.708

CH 13 L-DLPFC/FPA 1.214 2.091 − 0.338 2.526 0.844 1.981 0.602 1.527 − 0.877 2.363 − 1.376 2.979 0.714

CH 15 R-FPA/OFC 1.305 1.770 − 1.589 3.650 0.866 3.295 − 0.664 3.253 − 1.500 2.203 − 0.055 5.171 0.194

CH 16 FPA 1.625 1.133 − 1.077 2.606 0.400 2.044 − 0.137 3.326 − 2.552 1.568 − 2.636 3.104 0.266

CH 17 L-FPA/OFC 1.700 2.306 − 0.628 2.457 0.349 2.217 0.988 3.009 − 2.910 2.315 − 1.450 4.699 0.180

CH 19 R-FPA/OFC/IPG/R-DLPFC 0.479 1.204 − 0.031 1.994 2.081 2.784 2.013 2.714 0.999 1.729 1.584 4.075 0.836

CH 20 R-OFC 1.580 1.748 − 0.075 1.166 1.277 1.933 0.023 2.245 − 1.445 3.460 − 1.723 3.471 0.750

CH 21 L-OFC 1.701 1.729 0.139 1.322 0.615 2.593 0.270 1.940 − 1.799 1.919 − 2.675 2.709 0.739

CH 22 L-FPA/OFC/IPG/L-DLPFC 1.017 2.100 0.107 1.063 1.325 3.589 1.562 1.184 − 0.744 2.811 − 0.661 2.191 0.797

There were no significant differences in regard to the values for [oxy-Hb] in the pre-chewing, chewing, and post-chewing periods between OD patients
with and without a history of psychiatric examinations (two-way ANOVA and Bonferroni t test)

OD occlusal dysesthesia
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Furthermore, cortical modifications associated with
somatoform states have been suggested in m-PFC function
[9–13]. In the present study, we found not only prefrontal
deactivation during chewing but also found associated deteri-
oration of somatization scores in OD patients. Furthermore,
considering participation of the prefrontal cortex in self-
related cognitive functioning [16–21] and its psychological
associations [22, 23], the deactivation of the prefrontal cortex
in the DLPFC andm-PFC in OD patients during chewing may
suggest the metacognitive perceptual disability for the self-
evaluation of occlusal tooth sensation [29, 54]. We also found
negative associations between chewing-related prefrontal ac-
tivities and somatization score in the OD patients but no sig-
nificant differences in occlusal states and chewing behavior.
Hence, it is evident that the significant associations between
prefrontal deactivation during chewing and somatization se-
verity in the OD patients suggest that there may be dissocia-
tion between prefrontal cognitive capacity and physical
chewing activities in OD patients.

Examination of the somatization state using the SCL-90-R
subscales for the head, chest, back, stomach, arms, and legs,
highlighted a significant positive association between SCL-
90-R scores and chewing-related prefrontal deactivation in
OD patients. Therefore, despite the fact that the chief com-
plaints of OD patients are related to occlusal somatic symp-
toms, they may be expressed as the somatic discomfort in
whole body. Recent studies found that TMD [55] and OFP
[56, 57] patients experienced somatic spreading of pain symp-
toms in congruence with their psychiatric state progression.
From these findings [55–57], one could suggest that symp-
toms in OD patients spread throughout the body depending on
somatization severity.

Further analyses by subdividing the OD patients according
to their history of psychiatric evaluations demonstrated no
influence on the occlusal contact state, masticatory muscle
and jaw movement activities, and prefrontal activities during
chewing. It is therefore conceivable that OD patients without
history of psychiatric examinations may already be presenting
with psychiatric disorder without a formal diagnosis. Thus,
prefrontal activity markers during chewing and somatic state
examinations, such as SCL-90-R, may be useful in clinical
settings to analyze the neuro-pathological background in pa-
tients complaining of persistent OD. This suggestion is in line
with previous research results showing that fNIRS is a func-
tional imaging method that relies on the principal of neuro-
vascular couplings and applicable for evaluation of psychiatric
state using prefrontal cortex blood flow in patients with psy-
chiatric disorders [22, 23, 58–63].

As routine practice, oral medication [3, 4] and cogni-
tive behavioral therapy [5] are recommended for treatment
of OD patients. Recently, neuromodulation therapy has
been clinically recommended for treating cognitive defi-
cits in psychiatric disorders [64–68]. Our results in this

study may suggest that prefrontal modulation in OD pa-
tients might be treated by using repetitive transcranial
magnetic stimulation (rTMS) or transcranial direct current
stimulation (tDCS) in a dental clinic. Additional studies
are warranted to further understand the potential treatment
options emerging form this pilot study, but it is likely that
cognitive and metacognitive functional deficits may be
associated with the networking modifications not only in
the prefrontal cortex but also in the posterior parietal and
anterior temporal cortices in the patients complaining of
persistent OD [69, 70]. This study used SCL-90-R scor-
ing, which is a quick tool to evaluate psychiatric states.
More accurate and comprehensive medical examinations
by specialists are necessary in future studies to clarify the
relationships between psychiatric states and prefrontal so-
matosensory cognition in OD patients.

OD symptom is a comorbidity in patients with psychi-
atric disorders, and our examination of OD patients
showed a significant relationship between prefrontal de-
activation during chewing and somatization severity but
not with the occlusal state and chewing activities.
Moreover, no significant differences in the psychiatric
states, masticatory muscles, jaw movement, and prefrontal
cortical activities during chewing, and occlusal condition
were observed in OD patients with or without a history of
psychiatric examination. Hence, we concluded that peri-
odontal sensation in patients with persistent OD might not
be normally generated in regard to higher-order somato-
sensory cognitive and metacognitive functioning, which
might be associated with the psychiatric states in OD
patients.
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