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Abstract. 

The active mastication has not only role in food intake and digestion, but also in the maintaining and promotion of 

the cognitive functions.  It was demonstrated the increase of the blood supply in neuronal areas during mastication 

due to the stimulation of dental baroreceptors, alveolar baroreceptors and masticatory muscles during.  Chewing was 

associated with greater alertness, more positive mood, faster reaction times, improved focus as well as with the 

improvement of the learning ability. On the other part, epidemiologic studies found that elderly individuals with 

high number of absent teeth are more likely to develop cognitive dysfunction, and neurodegenerative diseases like 

Alzheimer and dementia.  

 

 The general conception is that 

mastication is involved only in food intake 

and digestion. However, active mastication 

has an additional role in the maintaining of 

the cognitive functions (1).  This role is 

generated by the increases of the blood 

supply in neuronal areas during mastication 

due to the stimulation of dental 

baroreceptors, alveolar baroreceptors and 

masticatory muscles during (2).   

 Nakata (1998) found, using positron 

emission tomography, an increase of the 

cerebral flow with 15%-20% in caudal 

nucleus, 10% in thalamus and temporal 

lobes, and 5% in frontal lobe (3). The same 

researcher found that during mastication 

there is an increase of the neural metabolism 

in the frontal areas where are localized 

neurons responsible by mobilization of the 

masticatory muscles, tongue muscles and 

lips muscles. In another study based on 
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positron emission tomography similar 

results were found regarding the increase of 

the cerebral blood supply during mastication 

(4). In this study, the effect of 

mastication on cerebral blood flow was 

studied in 12 healthy volunteers (five males 

and seven females). The research group 

created subtraction images based on those 

during gum-chewing minus those during 

resting. The results showed that mastication 

increased regional cerebral blood flow in the 

primary sensor-motor areas by 25-28%, in 

the supplementary motor areas and insulae 

by 9-17%, and in the cerebellum and 

striatum by 8-11%. On basis of these results, 

the conclusion of this study was that 

chewing activates the blood neural supply 

followed by the activation of extended 

sensorial and motor areas of the brain. 

 Studies based on functional magnetic 

resonance imaging (MRI) were performed to 

assesses the changes of the cerebral blood 

flow in relation to the brain activity in 

various neural areas. Onozuka et al (2003) 

demonstrated increased activation in the 

sensorimotor areas and cerebellum during 

gum chewing in human subjects (5). Using 

functional magnetic resonance imaging 

during cycles of rhythmic gum-chewing and 

no chewing, chewing resulted in a bilateral 

increase in blood oxygenation level-

dependent (BOLD) signals in the 

sensorimotor cortex, supplementary motor 

area, insula, thalamus, and cerebellum. In 

addition, in the sensorimotor cortex, 

supplementary motor area, and 

insula, chewing of moderately hard gum 

produced stronger BOLD signals than 

the chewing of hard gum. The authors 

concluded that chewing causes regional 

increases in the brain neuronal activities and 

the cerebral flow increase is directly related 

to the biting force. Onozuka et al (2002) (6) 

used fMRI to examine the effect of aging on 

brain regional activity during chewing in 

young adult (aged between 19-26), middle-

aged (aged between 42-55), and elderly 

(aged between 65-73) healthy humans. The 

chewing was associated to bilateral increase 

of the blood-oxygenation level-dependent 

signals in the sensorimotor cortex, 

cerebellum, thalamus, supplementary motor 

area, and insula, and a unilateral increase in 

the right prefrontal area. In sensorimotor 

cortex, cerebellum, thalamus, the signal 

increases were attenuated in an age-

dependent manner. Surprisingly, in the right 

prefrontal area, the signal increases were not 

influenced in an age-dependent manner. The 

supplementary motor area, and insula 
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showed no significant differences with ages. 

The conclusion of the study was that 

chewing stimulates the brain activity in an 

age-dependent manner.  Also, other studies 

that used neuroimaging techniques have 

proved the stimulation of human brain 

activity during oral function (7,8). Bracco et 

al.(2010) used Magnetic Resonance Imaging 

to evaluate the activation of different 

cortical areas during chewing of soft and 

hard boluses with normal occlusion. The 

results showed that the most frequently 

activated areas were Brodmann's areas four 

and six in the primary motor and premotor 

cortex, the insula and Broca's area. The 

researchers found greater activity of the 

cortical mastication area in the right 

hemisphere for right-handed and in the left 

hemisphere for left-handed subjects (7).  

Kimoto et al. (2011) used functional 

magnetic resonance imaging (fMRI) to 

investigate the change in brain regional 

activity during gum chewing when 

edentulous subjects switched from 

mandibular complete dentures to implant-

supported removable overdentures. Implant-

supported overdenture treatment 

significantly suppressed chewing-induced 

brain activity in the prefrontal cortex, and 

the chewing-induced brain activities in the 

primary sensorimotor cortex and cerebellum 

tended to decrease with implant-supported 

overdenture treatment. The neural activity of 

the frontal pole significantly decreased 

during gum-chewing with implant-supported 

overdenture when compared to that with 

removable complete dentures. The gum-

chewing task in elderly edentulous patients 

resulted in differential neural activity within 

the prefrontal cortex between the removable 

complete dentures therapy and implant-

supported overdenture therapy (7). 

 Mastication activates several brain 

areas that are essential for cognitive 

function, like hippocampus and prefrontal 

cortex. Abnormal mastication can produce 

chronic stress, leading to pathologic changes 

in the hippocampus and deficits in learning 

and memory. A study performed on mice 

demonstrated that altered mastication due to 

occlusal disharmony decreased cellular 

proliferation in the hippocampal dentate 

gyrus, a neuronal area associated to learning 

and memory (9). Doppler analysis 

established the increase of the cerebral blood 

flow during mastication and the relation 

between voluntary control of masticatory 

side and masticatory rhythm on cerebral 

hemodynamics. The cerebral blood flow was 

greater on the working side during the 
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intensive isometric contraction of the 

masseter muscle in clenching. It was 

recorded a significant increase in the 

velocity of the middle cerebral 

artery blood flow during clenching high 

muscle activity (clenching) and moderate 

muscle activity (gum chewing), while low 

muscle activity (tooth tapping) was not 

associated to the increase of cerebral flow 

(10). The authors of this study concluded 

that the change in 

cerebral blood flow during jaw movement is 

influenced by the change in peripheral 

circulation evoked by muscle contraction. 

Also, the cerebral circulation is activated 

during gum chewing, regardless of the 

voluntary control of the masticatory side and 

masticatory rhythm (11,12). A research that 

measured bilateral middle cerebral 

arterial blood flow velocity, 

electromyography of contracting muscles, 

heart rate and blood pressure during 

unilateral clenching tasks, found that middle 

cerebral arterial blood flow velocity was 

significantly increased during the task with 

significantly higher values on the non-

working than working side irrespective of 

unilateral handgrip or unilateral jaw 

clenching. The conclusion of this study was 

that the unilateral jaw clenching promotes 

bilateral activation of cerebral flow with 

smaller effects on cardiac output and 

sympathetic nervous system activity (13). 

Smith A (2010) aimed to determine 

whether chewing gum improved mood and 

mental performance, had benefits in stressed 

individuals, and to whether chewing habit, 

type of gum and level of anxiety modified 

the effects of gum (14). Volunteers were 

stratified on chewing habit and anxiety 

level, were rated for their mood at the start 

and end of each session, their heart rate was 

monitored over the session, and saliva 

samples were taken to assess cortisol levels 

(indicator of stress) to be assayed. 

Volunteers were asked to carry various tasks 

measuring aspects of memory, focus, 

psychomotor speed and accuracy.  The 

results showed that chewing gum was 

associated with greater alertness (higher 

heart rate and cortisol levels), more positive 

mood, faster reaction times, improved focus. 

The chewing gum had no effects on 

memory, a result that seems to contradict 

previous researches. 

 Some epidemiologic studies found 

that elderly individuals with high number of 

absent teeth are more likely to develop 

cognitive dysfunction, and 

neurodegenerative diseases like Alzheimer 
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and dementia. The association between teeth 

loss and cognitive dysfunctions is reported 

by a few studies. Luo et al. (2018) proved 

this association in an epidemiological 

research performed in a community of over 

3000 Chinese aged people with a mean 

value of 10.2 teeth lost. People with 

dementia had a mean value of 18.7 lost 

teeth, significantly higher than those with 

normal cognitive function (9.3 lost teeth). 

The researchers adjusted the values of tooth 

loss for sex, age, education, living alone, 

body mass index, smoking, alcohol 

consume, depression, heart disease, 

hypertension, diabetes, and found that more 

than 16 teeth loss was associated to 

increased risk (OR 1.56) to develop 

dementia (15). In a longitudinal study 

performed during 13 years on over 8000 

Chinese aged adults, cognitive function 

declined over time, but, regardless of time, 

subjects with higher number of teeth had 

significantly better cognitive function and 

showed a slower pace of cognitive decline 

over time than those with fewer teeth (16). 

In a meta-analysis, Wen-li Fang et al. (2018) 

also consider tooth loss a risk factor for 

cognitive disfunctions, as high number of 

absent teeth is positively associated with an 

increased risk (OR 2.62) of dementia in 

adults (17). Oh et al. (2018) reported that 

high residual teeth number group was also 

associated with a decreased risk of dementia 

by approximately 50% (18).  

 Further studies with improved design 

and high number of subjects are required to 

clarify the effect of mastication on memory 

and learning as well as to identify the 

underlying mechanisms. 
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