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Editorial

The evolution of new dental technologies, such 
as three-dimensional (3D) image manipulation,  

computer-aided design/computer-assisted manu-
facture (CAD/CAM), and new ceramics, are having a 
profound impact on treatment planning in oral rehabili-
tation. Yet the fundamentals of mastication, which are 
crucial determinants of optimizing treatment outcomes, 
are often overlooked. The importance of an optimal 
dentition for mastication is undergoing renewed recog-
nition of its clinical significance  beyond the commonly 
accepted importance of the arrangement of the teeth 
for esthetics and function.

It is accepted that the dentition is a key feature for 
enhanced mastication, swallowing, diet, nutrition, and 
speech clarity. Indeed, anterior tooth arrangement, 
form, color, and character improve esthetics and indi-
vidual social interaction, confidence, and quality of life. 
However, in addition, data are emerging that suggest 
that enhancing mastication may support maintenance 
of higher-level cognitive skills.1–4

This research represents a paradigm shift for all as-
pects of oral rehabilitation and emphasizes an additional 
dimension of clinical responsibility. It adds to the sig-
nificance of maintaining teeth for function and esthet-
ics and acknowledges the importance of prosthodontic 
rehabilitation as a requirement for general health.

Mastication and Cognitive Health 

Animal and human studies have shown associations 
with mastication and cognitive function through the 
hippocampus and its role in individual learning and 
memory.1–4 Decreased mastication has been shown 
to be an epidemiologic risk factor for dementia and 
decreased spatial memory associated with decreased 
hippocampal neurons. The question of whether this 
is reversible is of particular importance and there is 
some evidence for this: (1) Data suggest that masti-
cation influences memory processes by reducing en-
docrinologic and autonomic stress responses, leading 
to increased activity of the hippocampus and prefron-
tal cortex, thereby increasing cognitive processing. 
(2) So-called “abnormal” mastication (eg, caused by 
experimentally altering the occlusion through tooth 
extraction or reducing the height of natural crowns) in-
duces chronic stress, decreases learning capacity, and 
reduces spatial memory and hippocampal neurons in 
animals.4,5 Interestingly, restoring masticatory function 
with artificial crowns in aged mice counteracted the 
reduction in spatial memory and hippocampal neuron 
function.5 This outcome cannot be directly linked with 
humans, but raises important issues. (3)  In an older 
Swedish population sample, a robust association was 

found between cognition and self-reported chewing 
ability.6 Whether the participants chewed with natural 
teeth or prostheses did not contribute significantly to 
cognitive impairment as long as they had no chewing 
difficulty. 

This was also recognized as a significant associa-
tion by Paganini-Hill and colleagues, who emphasized 
the importance of adequate teeth or prostheses (re-
movable or fixed) to support mastication in order to 
reduce the risk of cognitive decline and development 
of dementia.7

In addition, preserving the occlusion of the teeth 
has more general health-related implications associ-
ated with the need to preserve masticatory function. 
Within this context, the significance of the shortened 
dental arch needs consideration, having been compre-
hensively evaluated since its description8; however, the 
relationship with function and the implications that 20 
teeth are needed for mastication requires clarification. 
This number of occluding pairs of teeth, as well as its 
importance for function, has other important implica-
tions and defines an additional dimension of the short-
ened dental arch concept. 

Morita et al reported that the progressive loss of 
teeth in a Japanese population sample older than 80 
years of age influenced diet and nutrition and affected 
daily activities and mental health.9 Of significance was 
that longevity and tooth loss influenced older men in 
particular, who had statistically significantly shorter 
survival with fewer than 20 teeth. In the women, the 
presence of 20 or more teeth did not influence survival. 

In a similar context, Osterberg et al reported on a 
population of 75-year-olds over a 7-year period.10 
There were significant associations between number 
of teeth and cognitive and cardiovascular function, 
muscle strength, hearing, and visual ability. The as-
sociation varied with the risk factor, but the authors 
also identified a higher mortality for both genders with 
fewer than 20 teeth and a relatively lower mortality for 
women than men.10

In a further study of this cohort,11 the strength of as-
sociation between tooth number (greater than or equal 
to 20 teeth) was investigated, and statistically signifi-
cant data confirmed the number of teeth to be (1) an 
independent predictor of mortality and (2) indepen-
dent of general health factors, socioeconomic status, 
and lifestyle. The data also suggested a direct correla-
tion of a 4% decrease in mortality for each remaining 
tooth at the age of 70. As well as these significant asso-
ciations, a later study confirmed significant statistical 
associations with increased obesity and edentulism, 
particularly among women 55 to 75 years old, and a 
weaker association for men.12
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Some animal studies have investigated diet-induced 
obesity in mice, which was found to correlate with a 
decrease in the immune response and an increase in 
severity of periodontal disease.13 Notwithstanding the 
limitations of correlations between animal and human 
data, it appears there are complex changes in the im-
mune responses in relation to diet and obesity.

Hypothesis

An inverse correlation has been identified between 
mastication and corticosteroid level, which led Ono 
and colleagues to suggest a hypothesis that (1) sup-
pression of the hypothalamic–pituitary–adrenal (HPA) 
axis with mastication-induced stimulation reduced 
circulating corticosteroid; and (2) this is significant for 
preservation of cognitive function.2 

It appears that mastication may induce changes in 
defective cognitive function and operate through the 
HPA axis and hippocampal neuronal processes. For 
instance, patients with Alzheimer’s disease (AD) have 
increased levels of cortisol, and long-term cortisol  
elevation may impair cognitive function.14 Of relevance 
is that mastication preceding cognitive task acquisi-
tion leads to increased learning and memory. This has 
led to a provocative hypothesis that mastication ap-
pears to provide “medication-free” protection against 
the development of senile dementia and stress-related 
disorders.2

Improvement of learning and memory after chewing 
could be related to the mastication-induced increase 
of blood flow in different cortical areas, among them 
the prefrontal cortex and the hippocampus. These ar-
eas are involved in cognition and learning.4 Adequate 
cerebral blood flow (CBF) is crucial to meet the meta-
bolic demands necessary for cognitive activity15; in this 
context, AD has been reported to be associated with 
a reduced CBF in several brain areas. Physical exer-
cise increases CBF as well as cognitive function and 
reduces the risk of dementia and AD in humans. This 
effect has been hypothetically related to neurotrophic 
factors, autonomic regulation of endothelial function, 
angiogenesis, and neurogenesis. Furthermore, exercise 
leads to reduction of several markers of AD neuropa-
thology, among them amyloid-beta (Aβ) deposition.16 It 
can therefore be hypothesized that the positive effect 
that mastication has on cognitive function also occurs 
as a consequence of the increased CBF. 

Nevertheless, it is important to acknowledge that 
dementia and AD arise from an interplay of multiple 
risk factors, including cardiovascular diseases, arterio-
sclerosis, head trauma, diabetes, and genetic predis-
position. Further study is required to clarify the relative 
importance that poor mastication has on this interplay 
and whether optimal mastication may actually help to 
prevent cognitive impairment. 

Iven Klineberg, BDS, MDS, PhD, FICD, FRACDS, RFD AM
Professor of Prosthodontics
Head Jaw Function and Orofacial Pain Research Unit 
Faculty of Dentistry, The University of Sydney
Sydney, Australia

Sandro Palla, Dr Med Dent
Professor Emeritus, School of Dentistry
University of Zurich, Zurich, Switzerland

Mats Trulsson, DDS, PhD
Professor, Department of Dental Medicine
Karolinska Institute, Huddinge, Sweden

References 

 1. Weijenberg RA, Scherder EJ, Lobbezoo F. Mastication for the 
mind—The relationship between mastication and cognition in 
ageing and dementia neuroscience. Neurosci Biobehav Rev 
2011;35:483–497.

 2. Ono Y, Yamamoto T, Kubo KY, Onozuka M. Occlusion and 
brain function: Mastication as a prevention of cognitive dys-
function. J Oral Rehabil 2010;37:624–640.

 3. Ohkubo C, Morokuma M, Yoneyama Y, Matsuda R, Lee JS. 
Interactions between occlusion and human brain function ac- 
tivities. J Oral Rehabil 2012;40:119–129.

 4. Teixeira FB, Pereira Fernandes LM, Noronha PA, et al. 
Masticatory deficiency as a risk factor for cognitive dysfunc-
tion. Int J Med Sci 2014;11:209–214.

 5. Watanabe K, Ozono S, Nishiyama K, Saito S, Tonosaki K, Fujita 
M, Onozuka M. The molarless condition in aged SAMP8 mice 
attenuates hippocampal Fos induction linked to water maze 
performance. Behav Brain Res 2002;128:19–25.

 6. Lexomboon D, Trulsson M, Wårdh I, Parker MG. Chewing abil-
ity and tooth loss: Association with cognitive impairment in an 
elderly population study. J Am Geriatr Soc 2012;60:1951–1956.

 7. Paganini-Hill A, White SC, Atchison KA. Dentition, dental-
health habits, and dementia: The Leisure World Cohort Study. 
J Am Geriatr Soc 2012;60:1556–1563.

 8. Witter DJ, Creugers NH, Kreulen CM, de Haan AF. Occlusal sta-
bility in shortened dental arches. J Dent Res 2001;80:432–436.

 9. Morita I, Nakagaki H, Kato K, et al. Relationship between sur-
vival rates and numbers of natural teeth in an elderly Japanese 
population. Gerodontology 2006;23:214–218.

10. Österberg T, Carlsson GE, Sundh V, Steen B. Number of teeth—
A predictor of mortality in the elderly? A population study in 
three Nordic Localities. Acta Odontol Scand 2007;65:335–340.

11. Österberg T, Carlsson GE, Sundh V, Melstrom D. Number 
of teeth—A predictor of mortality in 70-year-old subjects. 
Community Dent Oral Epidemiol 2008;36:258–268.

12. Österberg T, Dey DK, Sundh V, Carlsson GE, Jansson JO, 
Mellstrom D. Edentulism associated with obesity: A study of 
four national surveys of 16,416 Swedes aged 55–84 years, Acta 
Odontol Scand 2010;68:360–367.

13. Amar S, Zhou Q, Shaik-Dasthagirisaheb Y, Leeman S. Diet-
induced obesity in mice causes changes in immune responses 
and bone loss manifested by bacterial challenge. Proc Natl 
Acad Sci U S A 2007;104:20466–20471.

14. Lupien SJ, de Leon M, de Santi S, et al. Cortisol levels during 
human aging predict hippocampal atrophy and memory defi-
cits. Nat Neurosci 1998;1:69–73.

15. Ladecola C. The pathobiology of vascular dementia. Neuron 
2013;80:844–866.

16. Nation DA, Hong S, Jak AJ, et al. Stress, exercise, and 
Alzheimer’s disease: A neurovascular pathway. Med Hypo-
theses 2011;76:847–854.


