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Introduction: A relationship between masticatory function and cognition has been reported. It is proposed that mastica-
tion changes the blood flow stimulating the perfusion/oxygenation of the brain. This literature review analysed the rela-
tion between mastication as a protective factor of the cognitive decline and the changes produced at brain level in adults
associated with the brain blood flow. Materials and methods: A systematic review was performed according to the ‘Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses’ (PRISMA) criteria in PubMed/MEDLINE, Web of
Science, Scopus and Embase. Primary studies were included with no limit on the publication date, conducted on humans,
and that established a relation between mastication, brain blood flow and cognitive functions in adult patients. Results:
Nine clinical descriptive studies were selected and qualitatively analysed. The collected data suggest the greatest brain
areas activated during mastication were the frontotemporal cortex, the caudate nucleus and the thalamus, revealing a
positive correlation between chewing intensity and perfusion of the principal trigeminal nucleus. The increase in cerebral
blood flow was measured by a local vasodilator effect resulting in increased neuronal metabolism in the region linked to
learning and memory. In addition, partially edentulous participants had a marked prefrontal deactivation when they
chewed without a prosthesis and presented a decrease in masticatory activity. Conclusion: Masticatory function may act
as a protective factor in those patients with cognition impairment and neurodegenerative diseases, suggesting some mech-
anisms among which is the increase of cerebral blood flow.
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INTRODUCTION

During the past few years, a relationship between
mastication and cognitive function has been reported1.
This association has been generally defined as ‘brain-
stomatognathic axis’ and might be due to mastication
as a physiological process that consists of a complex
movement by a neuronal network that involves sev-
eral areas of the brain, including the prefrontal cortex
(PFC)2,3.
Some authors suppose that mastication changes the

blood flow of the internal carotid artery, stimulating
the oxygenation and perfusion of the brain3–6. In
addition, there is evidence that mastication increases
the cortical blood flow of the somatosensory area,
motor area, insular cortex, thalamus and cerebellum,
and in pyramidal cells of the hippocampus7,8.

Studies conducted in animals have established that
a dysfunction in rat molars leads to a progressive loss
of memory and learning capacity9,10, revealing deficits
that may play an important role in cognitive decline.
To date, few studies have established the association
between mastication and cognitive impairment. Nev-
ertheless, cognitive decline and masticatory dysfunc-
tion should be carefully interpreted2.
Descriptive studies have shown that people with dif-

ficulty chewing also present with lower cognitive func-
tion and greater cognitive impairment, whereas
activation of cerebral blood flow has a positive effect
on a wide range of cognitive functions11. Tooth loss
has also been described as a possible risk factor for
developing neurodegenerative diseases such as Alzhei-
mer’s disease (AD) or dementia in older adults12,13,
and it is estimated that the prevalence of these
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diseases will be about 131.5 million people by
205014. Dementia has also been associated with
chronic periodontal disease. It is estimated that this
periodontal condition may provide a peripheral source
for pro-inflammatory cytokines and as a final conse-
quence tooth loss. However, this relationship must be
analysed carefully because tooth loss may be caused
by a multitude of reasons besides periodontal15.
In this same context, it was reported that oral

rehabilitation with a dental prosthesis may have a
preventive effect on the cognitive and neurological
deterioration of this population16.
The aim of this review is to analyse the available

evidence that supports the relation between the masti-
catory function as a protective factor for cognitive
decline and the changes produced at brain level, with
special attention on the increase of brain blood flow.

MATERIALS AND METHODS

Literature search

A qualitative systematic review of literature was per-
formed following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) cri-
teria17. The following databases were used: PubMed/
MEDLINE, Web of Science, Scopus and Embase; and
the following keywords were used: mastication, masti-
catory, chewing, ‘brain oxygenation’, ‘cerebral blood
flow’, ‘cognition’, ‘cognitive memory’, ‘cognitive
function’, ‘neurodegenerative disease’ and ‘Alzhei-
mer’s disease’. The keywords were combined with
conjunctions OR and AND. The search was
conducted between March and April, 2018. In addi-
tion, a manual search was made of the literature by
reviewing the references in the articles found in the
electronic search.

Eligibility criteria

This review included primary studies in humans
(cross-sectional, retrospective or prospective, cohort,
case–controls or clinical trials) that established a
relationship among masticatory function, changes at
the cerebral cortex level and cognitive functions in
adults. Full-text articles with no limits on the publi-
cation date, written in English or Spanish, were also
included for analysis. Systematic literature reviews,
letters to the editor and case series or reports were
excluded.

Article selection and data extraction

Two independent reviewers analysed articles obtained
in the systematic search process by reviewing the titles
and abstracts. Articles that fulfilled the eligibility

criteria were analysed in full text to confirm their rele-
vance. A third reviewer resolved any discrepancy dur-
ing the article review process. The following
information was collected from the full-text articles
comprising the final selection: author(s), publication
year, country, design of study, sample sizes, sex and
ages of subjects. The primary evaluated outcome was
increased cerebral blood flow, increased brain perfu-
sion/oxygenation and cognitive decline by the Mini-
Mental State Exam (MMSE).

Evaluation of article quality

The risk of bias in the articles included in this review
was assessed according to the study verification check-
list of the ‘Cohort of the Critical Appraisal Skills Pro-
gramme’ (CASP)18. This list was modified for its
application in cross-sectional studies, following the
methodology of Tada and Miura (2017)11; for exam-
ple, question 2, ‘Was the cohort recruited in an
acceptable way?’ was changed to ‘Was the sample
recruited in an acceptable way?’ Questions about par-
ticipant follow-up were excluded due to the study and
design. For each study, the strength and weakness
were calculated based on relevant elements in the veri-
fication checklist, and assigned a qualification of
‘low’, ‘moderate’ or ‘high’.

RESULTS

Study selection

The article search and selection process is summarised
in Figure 1. The total number of articles found in the
used databases was 40. Six additional articles were
included after the manual search. After the initial read-
ing by title and abstract, 29 articles were ruled out, of
which 24 were duplicates, four bore no relation to the
study subject and one was not available in full text. Of
all the articles available for evaluation (17 in total),
eight were excluded, of which five were literature
reviews, two were short communications and one was
a case report. Finally, in this review nine articles were
included that corresponded to descriptive studies.

Characteristics of the studies

All articles selected were ‘cross-sectional studies’, two
of them analysed cerebral blood flow by magnetic res-
onance imaging (Table 1). Viggiano et al.6 quantified
blood perfusion from the principal trigeminal nucleus
after a mastication exercise, whereas Momose et al.7

evaluated the changes in regional cerebral blood flow
during mastication. The latter also used positron emis-
sion tomography to measure brain activity. Other arti-
cles used methodologies such as bilateral transcranial
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Doppler ultrasound4 and xenon-enhanced computed
tomography19.
Two articles evaluated the association between

mastication and cerebral oxygenation (Table 2). By
using a magnetic resonance image, Onozuka
et al.1,20 examined the association between neuronal
activity and chewing gum in various age groups.
Other authors, such as Yokoyama et al.3, using
near-infrared spectroscopy, pointed out the relation
between mastication and cerebral oxygenation, just
as Kamiya et al.12 reported the effects of dental
prostheses on the activity of the PFC during
mastication.

Campos et al.21 by using the MMSE assessed the
relation among chewing function in elderly individuals
with AD with cognitive status.

Quality of the studies

According to the results obtained by the CASP
(Table 3), the strengths of the studies analysed included
the focus of the study subjects, the recruitment of the
participants, and the measurement of exposure and
results to minimise bias. The weaknesses found in most
of the studies were the identification of confounding
factors for study design and analysis. In summary, only

Full-text ar�cles excluded

(n = 8)

Case report = 1

Review = 5

Short communica�ons = 2

Iden�fied ar�cles excluded
(n = 29 )

Duplicated = 24

Irrelevant = 4

Not available in full text = 1

Records iden�fied through database 
search

(n = 40)

Addi�onal records iden�fied through 
other sources

(n = 6 )

Total ar�cles iden�fied
(n = 46 )

Full-text ar�cles assessed 
for eligibility 

(n = 17)

Ar�cle included
(n = 9)

Figure 1. Flow chart of the qualitative systematic review.

Table 1 Summary of studies on mastication and cerebral blood flow

Reference Study sample Mastication Outcome Results

Momose
et al.7

12 individuals
(18–40 years, Japan)

Chew gum Increased regional cerebral
blood flow

Positive association in the
primary sensorimotor
areas increased by
25%–28%

Sesay et al.19 7 individuals
(24–57 years, Japan)

Chew gum Increased regional cerebral
blood flow

Positive association between
mastication and cerebral
blood flow

Hasegawa
et al.4

12 individuals (mean age,
26.6 � 3.5 years, Japan)

Gum chewing, clenching
and tooth tapping

Human jaw movement increased
cerebral blood flow

The patterns and intensity
of muscle contraction
during jaw movements
increased cerebral blood flow

Viggiano
et al.6

18 individuals
(19–28 years, Italy)

Chew gum on one side
of the mouth

Increased blood perfusion of the
principal trigeminal nucleus

Mastication exercise
caused a perfusion
increase within the principal
trigeminal nucleus but not in the
dorsolateral midbrain

336 © 2019 FDI World Dental Federation

Chuhuaicura et al.



three studies identified and considered factors such as
the composition and hardness of the gum for the trial,
the side of preference during mastication, the number
of functional teeth in the mouth, and ages of the par-
ticipants. With respect to the quality of the studies,
three were described as high and five as moderate.

Impact of mastication and the increase of cerebral
blood flow

The results indicate that four articles show an associa-
tion between mastication and the increase in regional
cerebral blood flow4,6,7,19.

These articles indicate that the increase in cerebral
blood flow as measured by a local vasodilator factor
(such as the increase in partial carbon dioxide CO2

pressure or the reduction in partial pressure of O2)
resulting from an increase in neuronal metabolism7 in
the region of the primary sensorimotor cortices, sup-
plementary motor areas, the insula, the corpus stria-
tum and the cerebellum. These regions are linked to
learning and memory, so an increase in oxygen con-
centration would be essential to carrying out these
processes7,22. According to the study by Tada and
Miura, the zones with the greatest activation during
mastication were the frontotemporal cortex, the cau-
date nucleus and the thalamus, where an increase of
over 15% in regional cerebral blood flow was
recorded19. Moreover, it was previously found that
there is a correlation between chewing intensity and
blood perfusion in the principal trigeminal nucleus;
the authors maintain that an increase in cerebral
blood flow increases neuronal activity in the trigemi-
nal nucleus6.

Impact of mastication on brain activity (perfusion)
and oxygenation

From another perspective, the relation between masti-
cation and the activation of different parts of the
brain has also been studied. The effect of masticatory
frequency and oxygenation on the PFC has been
observed, with an increase in oxygenation
being recorded at a mastication frequency of 110
rpm3. Moreover, Onozuka et al.1,20 observed a

Table 2 Summary of studies on mastication and brain perfusion/oxygenation

Reference Study sample Mastication Outcome Results

Onozuka
et al.20

17 individuals (20–31 years, Japan) Chew gum
(G-type and X-type)

Increase in brain neuronal
activities related to gum
hardness

Chewing causes regional increases
in brain neuronal activities
related to biting force

Onozuka
et al.1

32 individuals (19–73 years)
divided into three groups

Chew gum Changes in brain regional
activity

Bilateral increase in blood
oxygenation level dependent on
the sensorimotor cortex,
cerebellum, thalamus,
supplementary motor area and
insula

Campos
et al.21

16 individuals
(76.7 � 6.3 years) with mild AD
16 age and gender-matched
healthy controls (75.23 � 4.4 years)

Optical chewable test MMSE Mild AD patients had decreased
masticatory performance and
MMSE compared with controls,
and it was suggesting a lower
stimulation in brain areas related
to memory

Kamiya
et al.12

12 individuals
(mean age = 63.1 � 6.1 years,
Japan)

Chew gum, tooth loss
and wearing dentures

Improved prefrontal activity Prefrontal activation during
chewing with a denture may
prevent prefrontal depression
induced by tooth loss in elderly
edentulous patients

Yokoyama
et al.3

11 individuals
(mean age = 20.9 � 0.9 years,
Japan)

Chew gum at differing
rates: 30, 70,
and 110 rpm

Oxygenation of the PFC Increased PFC oxygenation during
faster mastication compared
with normal and slower
mastication conditions

AD, Alzheimer’s disease; MMSE, Mini-Mental State Exam; PFC, prefrontal cortex.

Table 3 Risk assessment of bias in the articles

1 2 3 4 5a 5b 6 7 8 Quality
assessment

Momose et al.7 + + + + � � + + + Moderate
Sesay et al.19 + + + + � � + + + Moderate
Onozuka et al.20 + + + + + + + + + High
Onozuka et al.1 + + + + + + + + + High
Hasegawa et al.4 + + + + � � + + + Moderate
Viggiano et al.6 + + + + � � + + + Moderate
Kamiya et al.12 + + + + � � + + + Moderate
Yokoyama et al.3 + + + + + + + + + High

1 Did the study address a clearly focused issue? 2 Were the subjects
recruited in an acceptable way? 3 Was the exposure accurately mea-
sured to minimise bias? 4 Was the outcome accurately measured to
minimise bias? 5a Have the authors identified all important con-
founding factors? 5b Have they taken account of the confounding
factors in the design and/or analysis? 6 Do you believe the results?
7 Can the results be applied to the local population? 8 Do the
results of this study fit with other available evidence?
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significant bilateral increase in cerebral oxygenation in
all subjects, in areas such as the sensorimotor cortex,
supplementary motor area, thalamus, cerebellum and
insula1,20. The study by Kamiya et al.12 found that
partially edentulous participants had a marked pre-
frontal deactivation when they chewed without a
prosthesis and presented a decrease in masticatory
activity. Finally, Campos et al.21 mentioned that
chewing may stimulate brain areas related to memory,
especially the hippocampus and, according to his
results, participants with AD show a decrease in
MMSE and values of masticatory performance com-
pared with control subjects.

DISCUSSION

The present systematic review of the literature was
carried out with the aim of qualitatively assessing and
evaluating existing clinical evidence on the correlation
between decreased masticatory function and cognitive
decline. All the articles selected demonstrated a corre-
lation between the decline of both factors; however,
due to the great disparity in methodologies, it is still
not clear what the most probable mechanisms associ-
ated with this correlation would be.
Early experiments on animals suggest that mastica-

tion can alter the neuronal metabolism and provision
of regional cerebral blood, activating some areas of the
cerebral cortex23–25. There is evidence of the impact
that mastication has on cerebral activation; descriptive
studies in humans demonstrate6,7,19 different areas of
activation, such as the primary sensorimotor cortex,
supplementary motor area, insula, corpus striatum, tha-
lamus and cerebellum, the activity of which increases
as a result of mastication. It is estimated that these
areas receive information from oral structures (lips,
tongue, oral mucosa, teeth, jaw); hence, they could be
considered the masticatory centre26. Other authors
have also confirmed the relation between mastication
and the increase in bilateral cerebral blood flow in the
frontal and parietal inferior lobes27.
Suzuki et al.28 demonstrated that chewing moder-

ately hard food leads to an increase in cerebral blood
flow through flow changes that occur from the com-
mon carotid artery and the internal carotid artery.
These results are complemented by Onozuka et al.20

who reported that chewing gum with differing degrees
of hardness significantly increases brain activity; later,
in 2003, they also reported that some regional
increases in neuronal activity in the brain may be age-
dependent1, and were one of the first studies to anal-
yse these variables. A high level of blood oxygen was
reported in some cerebral regions, such as the PFC
and hippocampus, and is needed for processes such as
learning and memory, which also relates to the status
of mastication and cognitive processing3.

Evidence from animal studies demonstrated that a
decrease in masticatory function, either by extraction
or reduction in the height of molars with a long-term
soft diet, may be associated with reduction in learning
and memory24,25,29–32, and changes in occlusal func-
tion appear to be related to morphological alterations
in animal models. Epidemiological studies also high-
light the correlation between tooth loss and the wors-
ening of dementia in older adults, and it has been
reported that chewing efficiency with a dental pros-
thesis decreases by 30–40%4,33,34. For example, Cam-
pos et al.21 discovered a correlation between
masticatory function and cognitive decline in mild
AD, partially edentulous subjects, compared with a
control group. However, limited evidence links these
variables and cerebral blood flow during mastication,
but some results show a significant activation of the
PFC when participants used a dental prosthesis, and it
is proposed that rehabilitation may be effective in pre-
vention of neurodegenerative diseases.
As mentioned, it has been proposed that mastica-

tion could be a protective factor against neurodegen-
erative diseases35, because different studies support
the hypothesis that those with a greater number of
teeth have a lower rate of dementia and therefore less
cognitive impairment11,21,36,37. Due to the number of
studies that have examined changes in cerebral blood
flow, this mechanism should be considered to help
explain this relationship.
According to the results of this review, the con-

founding factors are the hardness of the chewing gum,
the side of preference during mastication, the number
of functional teeth in the mouth and age of the partic-
ipants. Only the study of Kamiya et al.12 related mas-
tication to tooth loss and regional cerebral activation,
revealing that the activation occurs mainly with the
use of a dental prosthesis; besides, it is important to
emphasise that both mastication and cerebral activa-
tion were objectively evaluated using validated meth-
ods but did not take into account the confounding
factors. Otherwise, this descriptive study was per-
formed on healthy subjects, with no intervention in
masticatory function and in a small sample. Thus, a
greater number of participants are needed to assess
the importance of all variables. Activation of cerebral
activity was found to increase significantly in the dor-
sal PFC during chewing while wearing a dental pros-
thesis, compared with controls without dentures5,12,
although experimental studies in animal models sug-
gested that other cerebral zones are activated during
mastication, not only the PFC29–32. Furthermore,
according to the study by Kamiya et al.,12 prefrontal
activation is not related to age, because little differ-
ence was found between elderly participants wearing
dentures during mastication and young healthy con-
trols. Thus, it has been suggested that a compensatory
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mechanism allows the response to increasing mastica-
tory cognitive demand, activating the same prefrontal
region12. Nevertheless, with the available evidence, it
is estimated that early dental rehabilitation can con-
tribute not only to chewing comfort and oral quality
of life in aged people, but also with the prevention of
cognitive deficiencies in adults.

CONCLUSIONS

The data analysed in this systematic review suggested
that masticatory function may act as a protective fac-
tor in those patients with cognition impairment and
neurodegenerative diseases, suggesting the importance
of cerebral blood flow; also it is dependent on the
intensity of this function and the number of functional
teeth in the mouth. However, further investigation is
needed to correlate the effect of tooth loss on cerebral
activation as it relates to memory and learning. To do
this, intervention studies are suggested.
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