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Abstract
Objectives This study investigated chewing function in elder-
ly individuals with Alzheimer’s disease (AD) and correlated
chewing function with cognitive status.
Materials and methods Sixteen elderly individuals with
mild AD (mean age 76.7 ± 6.3 years; 8 men, 8 women)
and 16 age and gender-matched healthy controls (mean age
75.23 ± 4.4 years; 8men, 8women) were included in this study.
All volunteers wore removable prostheses: 11 were totally
edentulous and five were partially edentulous in each group.
Chewing function was evaluated via masticatory performance
(MP) using Optocal chewable test material and a sieve
fractionation method. Cognitive functioning was assessed
by the Mini Mental State Exam (MMSE), administered by
a trained examiner. Data were analyzed by non-paired t test
and Pearson’s correlation with α = 0.05.
Results Compared to controls, mild AD patients had decreased
MP (P < 0.01) and MMSE (P = 0.01). MP showed a moderate
negative correlation with MMSE (r = −0.69).
Conclusions Mild AD was associated with impaired chewing
function.
Clinical relevance Knowledge that mild AD has an impact on
chewing is important for dental professionals in decision-
making related to prosthetics and general dental treatment.
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Introduction

Alzheimer’s disease is the leading cause of dementia affecting
the elderly population [1], causing progressive decline of cog-
nitive functions with consequent impairment of memory,
learning, and communication [2]. Loss of functionality has a
great impact on affected individuals, leading to loss of auton-
omy and requiring assistance to perform activities of daily
living [3].

Cognitive decline is due to brain neurophysiological
changes, such as diffuse cortical atrophy and loss of neurons,
cell groups, and synapses [3]. Moreover, intraneuronal alter-
ations occur, including extracellular deposits of beta-amyloid
protein and formation of neuritic plaques [4–6]. These chang-
es take place in brain regions involved in learning, memory,
and emotional behavior [7], areas that are also known to be
related to chewing function [8, 9].

The mechanisms underlying dementia are not fully under-
stood, but some risk factors have been identified [8, 10, 11],
such as age, female gender, heritage, presence of ApoE e4
allele, education and occupation level, depression, head trau-
ma, alcohol abuse, and atherosclerosis [10, 12]. In addition,
epidemiological studies have indicated that having few teeth is
a risk factor for the development of dementia [8]. Experiments
in animal models have related the loss of natural teeth to
decline in learning and memory functions [13, 14]. In addi-
tion, Onozuka et al. (1999) [15] reported a significant relation-
ship between the decline of chewing function, the degenera-
tion of neurons in the hippocampus, and impairment of spatial
memory in elderly mice. This neuronal degeneration in the
hippocampus has been identified as a possible cause for the
age-related cognitive impairment [16].

Clinical studies have found that the number of teeth pres-
ent, the median occlusal contact area, and the average value of
maximum bite force are lower for elderly with cognitive im-
pairment compared to elderly with normal cognitive function
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[17, 18]. Studies also indicated an association between a re-
duced number of teeth and increased risk of developing de-
mentia [19–21] and AD [10, 18]. These data suggest that
maintaining dental health may be a non-pharmacological ap-
proach to prevent senile dementia and other disorders involv-
ing cognitive impairment, such as AD [16].

Chewing can be objectively assessed by several methods,
such as bite force, mandibular movement pattern, and
chewing tests. Masticatory performance (MP) is a chewing
test that evaluates the extent of grinding of a natural or silicon
test food after a standardized number of chewing cycles, either
by visual inspection or sieve fractionation [22]. No published
studies have evaluated objective measures of chewing in pa-
tients with dementia. Reports have estimated that patients with
impaired cognitive function also have impaired chewing due
to having fewer teeth compared to control groups [17, 18], but
how cognitive impairment and chewing are related remains
unclear.

Considering that there is no cure or prevention for AD [23],
it is important to identify possible risk factors, especially if
they are modifiable. Thus, this study aimed to objectively
describe masticatory performance in elderly with AD, com-
pared to a cognitively healthy control group.

Material and methods

Subjects

This cross-sectional study included two groups of elderly: AD
(n = 16, 8 men and 8 women, 76.7 ± 6.3 years) and control
(n = 16, 8 men and 8 women, 75.23 ± 4.4 years). All volun-
teers were elderly, partially or totally edentulous, removable
prostheses users and did not display parafunctional habits.
Subjects were excluded if they had severe periodontal dis-
eases, physical or cognitive limitations other than AD, or tem-
poromandibular disorders, verified by the Research Diagnose
Criteria for Temporomandibular Disorders (RDC/TMD) [24].
An a priori power analysis indicated that 12 subjects per group
would yield a power β = 0.8 and α = 0.05 with a difference of
2 points between groups on MP values. To compensate for
possible attrition, 16 individuals were selected for each group.

AD participants were selected from the Program of Cognitive
and Functional Kinesiotherapy in Elderly with Alzheimer’s
Disease (PRO-CDA) at Paulista State University BJulio de
Mesquita Filho^ (Rio Claro, São Paulo, Brazil). Subjects were
also recruited from the Brazilian Alzheimer’s Association
(ABRAZ, Piracicaba, São Paulo, Brazil). To be included in the
AD group, subjects had to be diagnosed in the mild stage of AD
by a neurologist using the International Classification ofDiseases
(ICD-10), Diagnostic and StatisticalManual ofMental Disorders
(DSM-IV), Mini-Mental State Examination (MMSE), and
ClinicalDementiaRating scale (CDR). Individualswere required

to have a CDR score of 1.0 or less, indicating that any cognitive
impairment present did not exceed the level of mild dementia
[25].

The control group was composed of elders seeking pros-
thetic treatment at Piracicaba Dental School, University of
Campinas. Control subjects did not have AD, any other de-
mentia, major depression, or any other mood disorder.
Cognitive function of controls was evaluated via MMSE prior
to selection. Each group was composed of 11 totally edentu-
lous and five partially edentulous subjects. Figure 1 depicts a
flowchart of the patient selection process.

The research protocol was approved by the Ethics Committee
of Piracicaba Dental School (#43/2013), University of
Campinas. Patients and their families or legal representatives
provided signed written informed consent.

After selection, clinical examinations were performed to
objectively assess oral health of all subjects. The clinical ex-
amination was performed using a probe, mouth mirror, and
flashlight to evaluate each subject’s teeth, removable prosthe-
ses, and presence of oral pathologies, such as ulcerations and
prosthetic stomatitis.

Occlusal supports were recorded by using to the Eichner
Index [26]. According to this index, each posterior contact area,
including both the premolar and molar regions, are counted as
one zone, summing a total of four supporting zones. The molar
and premolar contacts of the residual teeth define the classifica-
tion as follows: (Eichner A): occlusal contacts in all four posterior
support zones, (Eichner B): occlusal contacts in three to one
zone(s) of contact or in the anterior region only, and (Eichner
C): no occlusal contact at all. Kennedy Classification was also
recorded for the partially edentulous subjects [27].
Sociodemographic data relating to educational level andmonthly
family income were also collected during anamneses.

All study participants received a general dental treatment ad-
dressing their individual needs, including periodontal and dental
care for their remaining teeth. To standardize prosthetic and oral
status, all volunteers received new maxillary and mandibular
dentures, which were prepared with acrylic resin using conven-
tional techniques [27]. One experienced dental technician per-
formed all prosthetic procedures. Occlusal denture support was
established through the first molars, and a bilateral balanced oc-
clusal scheme was used. Cobalt-chromium alloy (Dentorium;
Labordental) was used to process removable partial denture
frameworks. The design consisted of a major bar, rests, and clasp
retainers adjusted based on each subject’s support tissues and
remaining teeth. After subjects reported no more chewing com-
plaints, a 2-month period was allowed for complete adaptation to
new prosthetics before masticatory performance was evaluated.

Masticatory performance

Optocal artificial food test based on Optosil polydimethylsi-
loxane putty (Optosil Comfort, Heraeus Kulzer) was used to
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prepare cubes measuring 5.6 mm on each edge [28, 29].
Portions of 17 cubes (approximately 3.7 g) were offered to
subjects, who were instructed to chew them in a habitual man-
ner. After 40 chewing strokes [28], counted by the examiner,
particles were spit onto a paper filter in a glass container, and
the subjects rinsed with 200 mL of water to completely
cleanse the oral cavity. The comminuted particles were recov-
ered and dried at room temperature for 1 week, then sieved in
a sieving machine (Bertel Indústria Metalúrgica) through a
stack of up to 10 sieves for 20 min using gradually decreasing
mesh from 5.6 to 0.5 mm. The particles retained on each sieve
and in the bottom pans were weighed on a 0.001 g analytical
balance (Mark, BEL Engineering). Masticatory performance
was determined according to the median particle size (X50)
calculated using the Rosin-Rammler cumulative function
[28, 29]. High values of X50 indicate greater difficulty in
grinding the test food material, indicating impaired chewing
function.

Instructions were provided to all patients prior to starting
the test, and reinforcing instructions were given throughout
the test to AD subjects.

MMSE

Cognitive functioning was assessed using the MMSE [30],
which was administered directly to each patient by a trained
examiner during the initial research consultation. Although
the MMSE had been previously administered by a neurologist
for the purpose of diagnosing AD, it was administered a sec-
ond time by the researcher to correlate values with mastica-
tion. This instrument consists of questions grouped into seven
categories, designed to evaluate specific cognitive abilities:
time orientation (5 points), spatial orientation (5 points), word
record (3 points), attention and calculation (5 points), recall of

three words (3 points), language (8 points), and visual con-
structive capacity (1 point). MMSE scores range from a min-
imum of 0 to a maximum of 30 points with lower scores
indicating greater cognitive impairment. In Brazil, the
MMSE was translated by Bertolucci et al. (1994) [31], who
demonstrated that a cut-off point of 23/24 shows excellent
sensitivity and specificity for diagnosis of dementia.
Volunteers in the control group with MMSE scores below
the cut-off point were excluded from this study and referred
to a neurologist for evaluation.

Statistical analyses

Data were normally distributed according to the Shapiro-Wilk
test. Thus, a t test was performed to compare AD and control
groups. A Pearson correlation was performed to assess the
correlation between masticatory performance and cognitive
status. Power analyses were conducted for all statistical tests.
Analyses were performed using SAS version 9.3 (SAS
Institute, Inc., Cary, NC) with a significance level of 0.05.

Results

No group differences were found in educational level (AD,
4.31 ± 5.41 years; control, 4.05 ± 3.20 years), monthly family
income (AD, 2.41 ± 2.27; control, 2.69 ± 2.66), number of
remaining teeth (AD, 4.31 ± 6.82; control, 3.94 ± 6.54). The
number of subjects with total and partial dentures in each
group was balanced, so no differences were detected.
Subject’s dental status was presented according to their re-
movable prostheses type, Kennedy Classification and
Eichner Index (Table 1).

Fig. 1 Flowchart of patient recruitment
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Compared to controls, AD subjects had decreased MMSE
values and masticatory performance, expressed as X50 values,
as shown in Table 2. There was a moderate negative correla-
tion between masticatory performance and cognitive parame-
ters (Pearson’s r = −0.69, P < 0.001; power β = 0.83). Thus,
greater MMSE scores were associated with lower X50 values,
indicating greater chewing deficits.

Discussion

This study was the first to investigate the association between
masticatory function and cognitive status of mild AD patients
compared to controls. A moderate correlation was discovered,
indicating that both cognitive and masticatory function de-
cline in mild AD.

Elderly subjects in the present study had sociodemographic
characteristics comparable to previous reports [32, 33],

including age, years of education, monthly income, MMSE
scores, percentage of edentulism, and number of remaining
teeth. The control group showed higher MMSE values, which
is expected in a cognitively preserved population [34]. Studies
comparing AD patients to healthy control groups have found
better oral health in AD [32, 33, 35]. However, different from
previous studies, we objectively assessed masticatory perfor-
mance. Thus, care was taken to select AD and control subjects
with the same types of prostheses and numbers of remaining
teeth, since those aspects could bias the study by influencing
chewing function [36].

Previous studies [8, 37, 38] found impaired chewing func-
tion in AD patients, but attributed this to their dental condition
and decreased number of remaining teeth [37, 38] and used
subjective measurements [8]. Although dental conditions
strongly influence masticatory performance [36], our data
show that chewing in mild AD is impaired even compared
to elderly with similar age and oral characteristics, demon-
strating a deleterious effect of the disease on mastication.
Data on masticatory performance obtained from our control
group support previous studies evaluating totally or partially
edentulous patients in the same age range [39, 40].

The association between tooth loss, reduction in masticatory
function, and cognitive decline in patients with AD has been
previously demonstrated [9, 10, 21]. Chewing may stimulate
brain areas related to memory, especially the hippocampus,
which could explain how efficient chewing prevents cognitive
impairment [13–16]. On the other hand, AD can impair mastica-
tory function by reducing muscle function and appetite [41].

Table 1 Number of subjects
according to their removable
prostheses type, Kennedy
Classification and Eichner Index
in AD and control groups

Groups

AD Control

Totally edentulous

Using upper and lower CD 10 10

Using upper CD and lower implant supported overdenture 1 1

Partially edentulous

Using upper CD and lower RPD 2 2

Using upper and lower RPD 2 3

Using upper implant supported overdenture and lower RPD 1 0

Kennedy classification

Mandibular class I and edentulous maxilla 1 1

Mandibular class II and edentulous maxilla 2 1

Mandibular and maxillary class I 1 1

Mandibular and maxillary class II 1 1

Mandibular and maxillary class III 0 1

Eichner Index

A 1 0

B 0 2

C 15 14

CD complete denture; RPD removable partial denture

Table 2 Mean values (standard deviation) for masticatory performance
(X50) and MMSE for AD and control subjects

Groups

AD Control P value Power β

X50 6.36 ± 1.01 4.34 ± 1.16 <0.001 >0.999

MMSE 17.92 ± 7.51 26.85 ± 1.68 0.001 >0.999

Data were analyzed using t tests
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Thus, the disease can worsen masticatory function, while the
reduction in chewing function due to tooth loss could lead to
cognitive decline.

Mastication is a complex process controlled by the central
nervous system and that can be influenced by several subject
factors, such as age, dental status, and gender, and is dependent
in large part on sensory feedback [42]. Smell, taste, texture, and
hardness of the food also influence the masticatory cycle [42].
The neuronal damage and brain atrophy present in Alzheimer’s
disease also affect the area corresponding to the chewing, the
cortico-bulbar tract, which can bring impacts on masticatory
function [2]. Furthermore, the senses of smell and taste are
known to be adversely affected by the disease, which possibly
impairs sensory feedback necessary for mastication [2]. In addi-
tion, bite force also shows a positive relationship with mastica-
tory performance and tends to reduce with aging due to the
atrophy of the jaw-closing muscles, even more evident in eden-
tulous than in dentate subjects [43]. Since skeletal muscle atro-
phy, declining strength, and physical frailty can be present inAD,
it is possible that elderly with AD presents an even more im-
paired bite force and that should be a possible cause for their
decreased chewing function.

In spite of our relatively small number of participants, the
power of all statistical tests was greater than 0.8. Moreover,
high levels of statistical significance were found, showing
reliability of results. Thus, our data show that cognitive im-
pairment is associated with decreased masticatory function.
The presence of chewing impairment in AD patients should
encourage dentists to pay special attention to this group and to
improve their chewing function by providing well fit prosthe-
ses with appropriate occlusal contacts.

Conclusion and clinical relevance

The role of the clinicians in the AD patient’s treatment is similar
to that applied to elders without the disease, such as to maintain a
healthy oral function and minimize the progression of oral dis-
eases such as dental caries and periodontal diseases. However, it
is important to emphasize that efforts should bemade tomaintain
natural teeth in the mouth whenever possible, since natural teeth
provide a better masticatory function than removable dentures,
and also due to the possible cognitive impairment associatedwith
tooth loss. With regard to oral rehabilitation, most of elders still
need removable prostheses [44]. Thus, partial removable pros-
thesis should be planned to provide an easy axis to insert and
remove, but stable. The denture’s stability can be obtained with
functional molding procedures and additionally providing a bal-
anced occlusion [45]. The prostheses adjustment should be done
regularly, regardless of patients complaints or not, since one may
not be able to realize when prosthesis is hurting. The frequency
of monitoring consultation should be greater than that of an
elderly without cognitive deficit.

Another aspect to note is regarding the hygiene procedures of
the prosthesis and remaining teeth, which often need to be per-
formed or supervised by a caregiver. The caregiver should be
instructed by the dentist on how to do it. Familymembers should
be informed about reduction in chewing capacity to make adjust-
ments in diet to allow the elderly to eat comfortably without
nutritional losses.
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