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ORIGINAL ARTICLE

Changes in Cerebral Function Associated with Oral Pain Caused

by Dentures

Shin Kasahara, DDS, PhD,? Toshinori Kato, MD, PhD,” and Kohei Kimura, DDS, PhD?
? Division of Fixed Prosthodontics, Department of Restorative Dentistry, Tohoku University Graduate School of

Dentistry, Miyagi, Japan

b Department of Brain Environmental Research, KATOBRAIN Co., Ltd., Tokyo, Japan

Objective measurement of pain may be useful for den-
tal diagnosis and therapy. The purpose of this study
is to measure reactions to pain in the cerebral cortex
during dental treatment using NIRS (Near Infrared
Spectroscopy), and to assess potential applications of
this measuring system in the field of dentistry. Oxygen
exchange in the cerebral cortex (oxygenated Hb, deox-
ygenated Hb and total Hb) was measured to indicate
brain function, with and without pain. Also, measured
data were mapped using a COE (Cerebral functional
mapping of Oxygen Exchange) system. We obtained
the following results: (1) reactions in the cerebral cor-
tex apparently related to dental pain were measured,
(2) these reactions varied associated with the degree of
pain, (3) these measurement responses were quick and
reactions could be shown within a few seconds during
an event, and (4) the reactions also disappeared quickly
after the pain disappeared. The results of this research
indicated that this measuring system of brain function
has a high potential for use in dentistry.
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Introduction

Most dental diseases can cause oral pain, and most
dental treatments also cause pain. Since pain pro-
vides important information about dental disease
and must be considered in planning treatment,
the objective and quantitative measurement of
oral pain is considered to be useful in dental di-
agnosis and treatment. However, until now, there
has been no way to measure the location, kind,
and degree of pain objectively.

Pain is transmitted through the nerves to the
brain. It is considered that the localization of pain
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may be reflected as a cerebral function, and degree
of pain may be felt at same area. It seems likely
that the location and degree of pain may be re-
flected by the location and degree of cerebral func-
tion. It is therefore possible that measurements
of human cerebral function during pain may re-
flect information about pain and brain. PET, fMRI
and NIRS (Near Infrared Spectroscopy, a system
for measuring brain function as changes in active
oxygen exchange in the capillaries at the cerebral
cortex, using the diffusion and scattering of near-
infrared light through the scalp and skull) can be
used to measure brain functions from outside the
body in vivo.

The purpose of this study is to measure reac-
tions to pain in the cerebral cortex during dental
treatment using NIRS (Near Infrared Spectros-
copy), and to assess potential applications of this
measuring system in the field of dentistry. In this
study, changes in cerebral function caused by oral
pain were measured using NIRS imaging and dis-
played using COE, and changes in cerebral func-
tion related to the degree of pain and its disap-
pearance were measured.

Materials and methods

The subject was a 72-year-old female patient who
uses complete dentures. Oxygen exchange (oxy-
genated Hb, deoxygenated Hb, and total Hb) was
measured (Shimadzu OMMS3000 31-channels) to
indicate brain function, with and without pain-
ful stimuli from the patient’s dentures. Figure 1
shows the position of channels on an MRI image.
Measurements were carried out 5 times in each
condition, and averaged data were analyzed by
the COE system.
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Fig. 1 Measurement positions shown in an MRI im-
age of the brain.

Results

1. Changes in active oxygen exchange in the
cerebral cortex

Changes in active oxygen exchange in the cere-
bral cortex with pain from dentures are shown
in Figure 2 (oxy-Hb: red; deoxy-Hb: blue; total-
Hb, green). The numbers in this chart are from
measurement channels Ch1-31. Chl is located in
Brodmann’s area BA 22, Ch5-6 in BA 44-45, and
Ch13-151n BA 10. Ch 16 is located at center of the
head (Fig. 1).

Major changes were observed when pain was
felt in Ch 10-22. During the period when the pa-
tient was feeling the pain, total-Hb (green) in-
creased markedly, and after the pain faded away,
it decreased rapidly. These measurements are very
sensitive, and changes in active oxygen exchange
were measured within 2-3 seconds of the event.

Figure 3 shows changes in active oxygen ex-
change in the cerebral cortex when the source of
pain was removed. In Ch10-20, although oxygen
exchange was observed with the dentures in place,
it was significantly less than that with pain, and
rapid decreases in total-Hb were not observed.

2. Results of COE analysis
COE results with pain are shown in Figure 4.
From left to right, they are: COE before the pa-
tient was feeling pain (0 s), feeling pain (4.0 s),
just before the pain faded away (9.6 s) and after
the pain faded away (11.0 s).

An increase in oxy-Hb (red) was observed in the
right temporal region at 4.0 s. At 9.6 s, this area
shows green because values for oxy-Hb and deoxy-
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Fig. 2 Changes in active oxygen exchange with pain.
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Fig. 3 Changes in active oxygen exchange without
pain.

Hb were equal. Immediately after the pain faded
away, at 11.0 s, an increase in oxy-Hb causes a
change to blue in the temporal region.

No remarkable changes in COE results were ob-
served in the temporal region during the period
without pain.

3. Differences between changes in active oxy-
gen exchange by measurement locations
Figure 5 shows changes in active oxygen exchange
with pain in the left premolar portion of mandible,
at Ch 7, located at BA 44-45 of the right side, Ch
15 located at BA 10 near the frontal region, and
Ch 26 located at BA 44-45 of the left side.

With pain, major changes in total-Hb (green)
were observed in all the channels. Oxy-Hb and de-
oxy-Hb exchange were the same at Ch 7, and oxy-
Hb exchange was twice as much as deoxy-Hb ex-
change at Ch 15. Conversely, deoxy-Hb exchange
was twice as much as oxy-Hb exchange at Ch 26.

Discussion

Several methods are available for measuring brain
function. MRI produces images of brain activity,
and PET, fMRI and NIRS imaging make it pos-
sible to observe blood dynamics in the brain. In
clinical application, measurement of brain func-
tion should be noninvasive, be able to be used at
bedside (or dental chair-side) and be sensitive in
its response to events.

With NIRS imaging, cerebral functional changes
are measured noninvasively, using near-infrared
light through the scalp and skull. In addition,
with this system, the optical probes for measuring
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Fig. 4 Results of COE analysis with pain.
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Fig. 5 Differences between changes in active oxygen
exchange in different measurement locations.

are small, and large equipment is not required, as
it is for MRI or PET. A further advantage is that
the position of the body is not restrained in this
method. Responses are very quick, and reactions
were shown within 2-3 seconds of an event. COE
is a system for displaying active oxygen exchange
(FORCE) locally in the cerebral cortex with high
spatial resolution and response.!? The principles
of COE were developed by Kato, and COE is ap-
plied as an evaluation system to aid in medical
rehabilitation and the education of children with
handicaps.

1. Changes in active oxygen exchange in the
cerebral cortex

The results of NIRS imaging showed major chang-
es in active oxygen exchange over area from the
temporal to the frontal region with oral pain: oxy-
Hb increased while pain was felt and decreased
immediately after release from pain. These ma-
jor changes were not observed without pain. The
same changes were displayed strikingly by COE.
Without pain, no change was observed.

2. Differences between changes in active oxy-
gen exchange in different measurement loca-
tions

The response format of cerebral function was
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shown to differ by brain region during equal pain
stimulation. Future research will be required to
explain this phenomenon.

These are first results showing a relationship
between brain function and oral pain.? This pilot
study indicates that the active area of the cerebral
cortex depends on the degree and type of pain.
Clinical application of this measurement will re-
quire further research to analyze the results of
this study quantitatively, and to improve the mea-
surement equipment specifically for dental use.

Conclusion

Reactions were measured in the cerebral cortex
that were apparently related to dental pain. The
following results were obtained from this study:
1) NIRS measurement response are quick, with re-
actions appearing within 2-3 seconds of an event.
2) These reactions also disappeared quickly after
the disappearance of pain.

3) The response formats of cerebral function differ
according to the location in the brain.

Acknowledgements: This study was partially support-
ed by Grants-in-Aid for Scientific Research (KAKEN-
HD). Special thanks to Rumi Kawa (Tohoku University
School of Dentistry) for her useful assistance in taking
the measurements, and to Shimadzu Corp. and KATO
BRAIN Co., Ltd. for technical support.

References

1. Kato T. Principle and technique of NIRS-Imaging
for human brain FORCE: fast-oxygen response in
capillary event. ISBET Chiba JAPAN 2004; 11-
14.

2. Kato T, Kamei A, Takashima S et al. Human vi-
sual cortical function during photic stimulation
monitoring by means of near-infrared spectrosco-
py. J Cereb Blood Flow Metab 1993; 13: 516-520.

3. Kasahara S, Kato T, Kimura K. Measurement of
human cerebral function caused by oral pain. In:
Watanabe M, Okuno O, editors. Interface Oral
Health Science 2007, Tokyo: Springer; 2007,
p.203-204.





