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Key Clinical Message

We used functional near-infrared spectroscopy (fNIRS) to measure cerebral
blood flow during oral care in a patient with persistent disturbance of con-
sciousness. We experienced that cerebral blood flow to frontal area increased
during oral care, suggesting that oral care may have a potential role in rehabili-
tation for the brain.

Functional near-infrared spectroscopy, oral care, persistent disturbance of

consciousness, prefrontal area.
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Introduction

In order to examine the effect of oral care on the brain, we
used functional near-infrared spectroscopy (fNIRS) to
measure cerebral blood flow in the prefrontal area during
oral care in a patient with persistent disturbance of con-
sciousness. With respect to brain activity resulting from
oral stimulation, and so on, showed to increase cerebral
blood flow in healthy individuals. However, it remains
unknown whether oral care contributes to brain activation
in patients with persistent disturbance of consciousness.
The patient with persistent disturbance of consciousness
was a 75-year-old man who had suffered a brain stem
infarction 7 months previously. Cerebral blood flow is seen
in the prefrontal area during oral care measurements made
with a functional near-infrared imaging device. In this
report, we experienced that cerebral blood flow to the fron-
tal area increased during oral care, suggesting that oral care
may be useful not only for preventing pneumonia and
maintaining oral function, but also might have a potential
role in rehabilitation for the brain as a whole, by improving
the state of consciousness and cognitive function. Our
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reports suggest that oral care may contribute to brain acti-
vation. The fNIRS is useful for measuring variations in
cerebral blood flow as a result of oral care.

Oral care and training to improve oral function have been
reported to contribute to the prevention of pneumonia, [1,
2] improvement of cognitive function [3], and improve-
ment of nutritional status [4]. With respect to brain activity
resulting from oral stimulation, taste stimuli [5], stimula-
tion of the oral cavity by tooth brushing [6], and fitting par-
tial dentures [7] have been shown to increase cerebral blood
flow in healthy individuals. However, it remains unknown
whether oral care contributes to brain activation in patients
with persistent disturbance of consciousness. In order to
examine the effect of oral care on the brain, we used fNIRS
to measure cerebral blood flow in the prefrontal area during
oral care in a patient with persistent disturbance of con-
sciousness, which we report here.

Patient and Methods

The patient was a 75-year-old man who had suffered a
brain stem infarction 7 months previously. He was
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bedridden with persistent disturbance of consciousness,
scoring 4 on the Glasgow Coma Scale (GCS), required
total assistance with activities of daily living (ADL), and
was unable to communicate even by answering “Yes” or
“No.” He was fed via a gastrostomy tube. His mouth con-
tained five remaining maxillary and seven mandibular
teeth, and he did not use either upper or lower partial
dentures, and anytime open. Everyday oral care was per-
formed with the assistance of a nurse.

Oral care was performed by a dental hygienist and
comprised the same oral routine as was normally used,
consisting of cleaning the tooth surfaces with a tooth-
brush, cleaning between the teeth with an interdental
brush, cleaning the tongue with a tongue brush, and
cleaning the palate and buccal mucosa with a sponge
brush. The procedure took ~10 min.

Cerebral blood flow measurements were made with a
functional near-infrared imaging device (SMARTNIRS;
Shimadzu Corporation, Kyoto, Japan) at three wave-
lengths: 780, 805, and 830 mm. A forehead holder (Flexi-
ble Adjustment Surface Holder [FLASH]; Shimadzu
Corporation) was used for the fNIRS probe (Figs. 1, 2).
The probe used a 3 x 7 rectangular grid (30 mm
between light transmitters and detectors), which was fit-
ted so that the center of the top row coincided with T3
according to the international 10-20 electrode system,
with measurements performed using 32 measurement
channels. “Rest” was defined as the resting condition,
during which oral care was not performed and variations
in oxygenated hemoglobin concentrations (oxyHb) were
measured. The time delay in detecting elevated oxyHb
associated with neural activity was set at 4 sec in accor-

Figure 1. The patient with persistent disturbance of consciousness
had suffered a brain stem infarction. The fNIRS probe was fitted to be
measured cerebral blood flow in the prefrontal area during oral care.
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Figure 2. Projection of the fNIRS 32 channels onto the brain surface,
we measured cerebral blood flow in the prefrontal area during oral
care.

dance with the Gaussian theorem, on the basis of previ-
ous reports [8].

This case report was screened and approved by the eth-
ics committee of our hospital (No. 108). Because the
patient was unable to express his wishes himself, measure-
ments were performed after a family member had pro-
vided an informed consent in writing as his
representative.

Results

Cerebral brain flow in the prefrontal area of a patient
with persistent disturbance of consciousness exhibited an
increased oxyHb in 19/32 (59.4%) channels, while oral
care was being performed, compared with at rest (Fig. 3).

Discussion

Variations in cerebral blood flow

Increased cerebral blood flow in the prefrontal area dur-
ing oral care was evident in a patient with persistent dis-
turbance of consciousness. This result is similar to the
findings of previous functional magnetic resonance imag-
ing (fMRI) and fNIRS studies that have demonstrated
that cerebral brain flow increases in healthy individuals
during taste stimulation, stimulation of the oral cavity by
tooth brushing, and wearing partial dentures. Functional
magnetic resonance imaging has also revealed brain acti-
vation in patients with persistent disturbance of con-
sciousness similar to that seen in healthy individuals, even
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Figure 3. Red circle: Increased channels of oxyHb. Cerebral brain
flow in the prefrontal area exhibited an increased oxyHb in 59.4%
channels, while oral care was being performed, compared with at
rest.

though this may not be superficially visible [9]. Musicoki-
netic therapy has also been reported to have improved
the state of consciousness [10]. The prefrontal region has
neural connections to the thalamus, other associative
areas, the cingulate gyrus, the nucleus accumbens, and
the lower brain stem, and has been shown to be involved
in a wide range of fields, including reading aloud, calcula-
tions, language acquisition, associative learning, attention
and time perception, emotional expression, goal-directed
behavior, psychological interactions, voluntary movement,
and mastication [11].

In this case, we experienced that cerebral blood flow to
the frontal area increased during oral care, suggesting that
oral care may be useful not only for preventing pneumo-
nia and maintaining oral function, but also might have a
potential role in rehabilitation for the brain as a whole,
by improving the state of consciousness and cognitive
function. Our results also suggest that the investigation
and development of more effective methods of oral care
may be worth pursuing.

Oral care may, however, result in excessive fluctuations
in blood pressure. Increased blood flow to the cerebral
area is also reported to occur during uncomfortable visual
stimulation [12]. In this case, we did not investigate dif-
ferences due to different locations and intensities of stim-
ulation during oral care, and further detailed studies are,
therefore, required. Moreover, since our study only
involved a single patient, further studies should both
examine changes over time in single patients and investi-
gate multiple subjects in a clinical trial.

© 2014 The Authors. Clinical Case Reports published by John Wiley & Sons Ltd.

Does oral care contribute to brain activation?

Usefulness of fNIRS

There have been a few reports of investigations of brain
activity during oral stimulation using fMRI or position
emission tomography (PET); however, these are large
devices and scanning is performed with patients in the
supine position inside the cylinder during measurements,
meaning that they cannot be used for measurements dur-
ing oral care in actual clinical settings. The fNIRS used in
this study is a comparatively small device compared with
fMRI and PET, and is easily operated for measurements
at the bedside and elsewhere [13, 14]. Because measure-
ments are made only with the probe, it is also completely
noninvasive. This means it can be used for measurements
at washbasins and in dental treatment rooms, making it
suitable for clinical use. Changes in cerebral blood flow
during the performance of oral care in everyday situations
can therefore be measured in real time in a way that has
hitherto been impossible, making fNIRS an extremely use-
ful method.

Conclusion

Our case report suggests that oral care may contribute to
brain activation. Moreover, further studies should both
examine changes over time in single patients and investi-
gate multiple subjects in a clinical trial. The fNIRS is use-
ful for measuring variations in cerebral blood flow as a
result of oral care.
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