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Abstract

Introduction: Tooth loss is a risk factor for dementia.
This study aimed to compare the occlusal imbalances in
cognitively impaired elderly patients to those with normal
cognitive function.

Methods: Twenty-five cognitively impaired patients and
17 control subjects with normal cognition (aged = 65
years; 78.12 + 7.56) were included in this study. These
two groups were categorized into two subgroups by their
use of removable partial dentures. The Mini-Mental State
Examination was used to evaluate cognitive function,
medical and dental examinations were conducted, and
digital analysis of occlusion was performed.

Results: All control subjects had = 24 teeth and 22
cognitively impaired subjects had < 20 teeth. The correlation
between the number of teeth and cognitive function revealed
significant differences between the two groups (P < 0.05).
The occlusal imbalances exhibited significant differences in
correlation with cognitive function (P < 0.05).

Conclusion: A correlation was observed between tooth
loss and occlusal imbalances with cognitive function.
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Introduction

Dementia, as defined by the World Health Organi-
zation, is a syndrome that affects memory, thinking,
behavior, and the ability to perform daily activities. Ap-
proximately 47.5 million people are affected by demen-
tia worldwide, and this number is projected to double
or triple by 2050 [1]. The two most common types of de-
mentia are Alzheimer’s disease and vascular dementia,
with the former being the leading cause of dementia in
the elderly population [2]. Risk factors for dementia in-
clude ageing, illiteracy, lower education level, lower so-
cioeconomic status, head trauma, genetic factors, car-
diovascular risk factors, obesity, smoking, hypertension,
diabetes mellitus, inactive lifestyles, and loss of teeth
[3-6]. Furthermore, decreases in cognitive function are
caused by changes in the regions of the brain involved
in learning, memory, and emotional behavior [7], all of
which are known to be related to masticatory function
[5,6,8]. Animal studies have demonstrated that loss of
natural dentition has a negative effect on learning and
memory [9,10], suggesting that maintaining good oral
health may be one of the key methods to preventing
dementia and other cognitive disorders. Food intake
and digestion are the primary roles of mastication [11],
and studies have indicated that proper mastication pro-
motes and preserves cognitive function [12,13], possi-
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bly due to the constant input of sensory signals to the
central nervous system by the masticatory muscles.
Proper mastication is influenced by a multitude of fac-
tors including the person’s ability to chew. This ability of
an individual to chew food is affected by the structures
responsible for this action such as the teeth, muscles,
occlusal force, etc. The influx of sensory signals during
mastication stimulates the cognitive and memory cen-
ters of the brain [14,15]. It was reported that mastica-
tion increases cortical blood flow and activates various
somatosensory, supplementary motor, and insular cor-
tical areas, as well as the striatum, thalamus, and cere-
bellum. In addition, it was found that decreased chew-
ing function in mice led to degeneration of the neurons
in their hippocampi, which in turn led to impaired mem-
ory function [16,17]. Measuring an individual’s masti-
catory ability can be somewhat difficult. Different tools

for analysis of occlusal parameters are available, such as
articulating papers, Shimstock foils, impression waxes,
silicone impressions, etc. However, the outputs of said
tools are hard to quantify. Therefore, the T-Scan Digital
Occlusal Analysis System was used in this study, which
can measure the relative occlusal force distribution,
timing of occlusion, and occlusal force intensity. More-
over, in comparison to T-Scan, the other tools are highly
susceptible to inaccuracies, and they have low repeat-
ability which can result in distortion and false positive
readings. T-Scan, on the other hand, provides a dynamic
occlusal measurement that reveals the levels and tim-
ing of force on individual teeth, thereby indicating the
occlusal stability of the overall bite [18]. The purpose
of the present study was to compare and correlate the
occlusal imbalances in elderly patients with cognitive
impairment to those with normal cognitive function.

Mini-Mental State Examination (MMSE)

Patient's Name:

Date:

Instructions: Score one point for each correct response within each question or activity.

Maximum | Patient’s

Score Score Questions

5 “What is the year? Season? Date? Day? Month?”

5 “Where are we now? State? County? Town/city? Hospital? Floor?”
The examiner names three unrelated objects clearly and slowly, then

3 the instructor asks the patient to name all three of them. The patient's
response is used for scoring. The examiner repeats them until patient
learns all of them, if possible.
“I would like you to count backward from 100 by sevens.” (93, 86, 79,

5 72,65, ..)
Alternative: “Spell WORLD backwards.” (D-L-R-O-W)

3 “Earlier | told you the names of three things. Can you tell me what
those were?”

2 Show the patient two simple objects, such as a wristwatch and a pencil,
and ask the patient to name them.

1 “Repeat the phrase: ‘No ifs, ands, or buts.”™

3 “Take the paper in your right hand, fold it in half, and put it on the floor.”

(The examiner gives the patient a piece of blank paper.)

your eyes.")

“Please read this and do what it says.” (Written instruction is “Close

“Make up and write a sentence about anything.” (This sentence must
contain a noun and a verb.)

“Please copy this picture.” (The examiner gives the patient a blank
piece of paper and asks him/her to draw the symbol below. All 10
angles must be present and two must intersect.)

| x>

30 TOTAL

Figure 1: Mini-mental state examination.
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Materials and Methods

This study was conducted in accordance with the
regulations of and with the approval of the Institution-
al Review Board at Gachon University, Incheon, South
Korea (IRB no. 1044396-20510-HR-050-20). Informed
consent was obtained from each subject or from rela-
tives or legal representatives. The study was conducted
from May 2017 to August 2017 (November 2015 and
July 2016) at the Department of Exercise, Rehabilita-
tion and Welfare of Gachon University Medical Campus,
Incheon, South Korea.

Classification of subjects

Forty-two patients (aged > 65 years; 78.12 + 7.56;
27 females and 15 males) were enrolled in this study.
All patients were asked to take the Korean version of
the Folstein test or the Mini-Mental State Examination
(MMSE) as seen in Figure 1 [19], which is a tool used
to assess an individual’s level of cognitive function.
This 30-point questionnaire is used in both clinical
and research settings. It is also used to estimate the
severity and progression of cognitive impairment
in order to follow the course of cognitive changes
in an individual over time. It is comprised of tests
for orientation, registration, short term memory,
language use, comprehension, and basic motor skills.
Scores range from 0-30. Patients who score 20-25
points are said to have mild cognitive impairment;
Patients scoring 10-19 points are considered to be in
the moderate stage, while patients scoring < 9 points
are considered to be in the severe stage [20]. After
assessing the subjects’ level of cognitive ability, they

were divided into two groups: Those with MMSE scores
of 2 25 were classified as normal and were assigned to
the control group (n = 17), and those who scored < 25
were classified as having mild cognitive impairment and
were assigned to the experimental group (n = 25). No
patients scored < 20; Therefore, all subjects included in
the experimental group were classified as having mild
cognitive impairment. Any subject with disorders that
could interfere with the psychometric assessments
(severe blindness, terminal illness etc.) and patients
who were completely edentulous were excluded from
the study. The subjects from both groups were then
subcategorized into those who wore Removable Partial
Dentures (RPD) and those who did not. Between the
control and experimental groups, four subgroups were
formed: Two in the experimental group and two in the
control group.

Medical and dental assessment

After the subjects were divided into the experimen-
tal and control groups, medical examinations were
conducted to determine if they had systemic diseases
that could have rendered the results inconclusive. Two
dentists also conducted dental examinations to assess
the use of RPDs, the number of remaining natural teeth,
and the condition of the remaining teeth. The dentists
also assessed the location of the RPDs and used Kenne-
dy’s classification to differentiate the patients.

Digital analysis of occlusion

The T-Scan Il (Version 7, Tekscan Inc. S. Boston, MA,
USA) was then used to assess the occlusal parameters of
the patients. The T-scan sensor was inserted intraorally

Lo 1 1 H e e

Figure 2: Sample output of the results from the digital occlusal analysis.
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by resting the sensor support within the facial central
incisor embrasure of the maxillary teeth. The patient
was then asked to firmly bite down into the sensor
and to firmly hold their teeth together for 1-3 s until

Table 1: Epidemiological and clinical characteristics of the two

main groups.

Cognitively MCI
Normal
Sex
Male 7 (41.17%) 8 (32%)
Female 10 (58.83%) 17 (68%)
Age, years, mean (SD) 74.76 £ 6.61 81.28+7.13
Education, years, mean (SD) | 12.2+ 3.5 9.4+47
Body Mass Index, n (%)
Underweight 1 (5.88%) 3 (12%)
Normal 15 (88%) 22 (8%)
Overweight 1 (5.88%) 0 (0%)
Living alone, n (%)
Yes 4 (23.5%) 3 (12%)
No 13 (76.5%) 22 (8%)
Cigarette Smoking, n (%)
Yes 8 (47%) 15 (60%)
No 7 (53%) 10 (40%)
Alcohol Drinking, n (%)
Yes 15 (88.2%) 20 (80%)
No 2 (11.8%) 5 (20%)
Heart Disease, n (%)
Yes 3(16.67%) 6 (24%)
No 14 (83.33%) 19 (76%)
Hypertension, n (%)
Yes 6 (35.3%) 15 (60%)
No 9 (64.7%) 10 (40%)
Diabetes, n (%)
Yes 3(16.67%) 4 (16%)
No 14 (83.33%) 21 (84%)
MMSE, mean (SD)
Wears RPD
Yes 5(29.4%) 13 (52%)
No 12 (70.6%) 12 (48%)

maximum intercuspation is reached. The subject was
then asked to repeat the procedure for improved
accuracy. The recording indicated the force details of
the occlusal contact time sequence from first contact to
maximum intercuspation, and simultaneously indicated
the history of the right to left arch force imbalance of
the contact closure sequence (Figure 2). The results of
the analysis were gathered and recorded for each of the
patients.

Depression and quality of life

The presence of depression and quality of life of
the subjects were also assessed by the psychologists at
Gachon University using the Dementia Quality of Life
Instrument (DQol).

Statistical analysis

The Mann-Whitney U-test was used to correlate the
patients’ cognitive ability with the number of remaining
natural teeth, left and right occlusal asymmetry,
anteroposterior occlusal asymmetry, depression, and
quality of life with the use of IBMM SPSS Statistics
for Windows version 22 (Armonk, NY). The level of
significance was assumed to be P < 0.05 for all tests.

Results

The epidemiological and clinical characteristics of
the subjects in the control and experimental groups are
summarized in Table 1. The mean age of the subjects in
the cognitively normal (control) and cognitively impaired
(experimental) groups was 78.3 + 3.25 and 81.6 + 2.98,
respectively. There was no significant difference in age
between the groups. The other clinical characteristics
did not exhibit significant correlations with cognitive
function.

Table 2 summarizes the variables measured in this
study for all subjects. Firstly, in the subjects who were
not RPD wearers, the average number of remaining nat-
ural teeth (dental status) were 24.92 + 3.70 in the con-
trol group and 14.83 + 4.48 in the experimental group,
which rendered a statistically significant difference (P =
0.01). The mean left and right occlusal asymmetry was
14% in the control group and 39.66% in the experimen-

Table 2: Occlusal parameters of each group.

Non-denture wearers Denture wearers
Normal MCI p-value Normal MCI p-value
n=12 n=12 n=5 n=13
Characteristic X +SD
Dental status 2492 +3.70 14.83 £4.48 0.01 22.40 £ 2.07 8.9+343 0.02
(# of remaining teeth)
LROFDA (%) 14.00 £ 9.95 39.66 +12.03 | 0.03 28.520 + 15.35 22.38 + 26.67 0.443
APOFDA (%) 73.99+2468 58.60+27.83 0.143 10.2+6.18 57.79 + 26.59 0.019
Depression 3.17£2.89 1.83 + 2.66 0.143 1.40 £ 2.07 1.77 £ 2.09 0.849
QoL 9.42+9.13 3.5+4.19 0.089 8.40 £ 12.36 6.08 +£7.83 0.80
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Quality of life

E A (Normal Subjects without RPD)
i C (Normal Subjects with RPD)

Depression

E B (Congnitively Impaired Subjects without RPD)
E D (Congnitively Impaired with RPD)

Figure 3: Cognitive ability, number of teeth, and occlusal asymmetries.

tal group, and the difference was statistically significant
(P = 0.03). The mean anteroposterior occlusal asymme-
try was 73.99% in the control group and 58.60% in the
experimental group. However, the difference was not
significant (P = 0.143). The mean MMSE score was 3.17
1 2.89in the control group and 1.83 + 2.66 in the experi-
mental group, but the difference was not significant (P =
0.143). Lastly, the mean DQolL scores for the control and
experimental groups were 9.42 £ 9.13 and 3.5 + 4.19,
respectively. Again, the difference was not significant (P
=0.089). In the subjects who were RPD wearers, the av-
erage number of remaining natural teeth (dental status)
were 22.40 £ 2.07 in the control group, and 8.9 £ 3.43 in
the experimental group, and the difference was statis-
tically significant (P = 0.02). The mean left and right oc-
clusal asymmetry were 28.52% in the control group and
22.38% in the experimental group, but the difference
was not significant (P = 0.443). The mean anteroposteri-
or occlusal asymmetry was 10.02% in the control group
and 57.79% in the experimental group, and the differ-
ence was significant (P = 0.019). The mean MMSE score
was 1.40 £ 2.07 in the control group and 1.77 £ 2.09 in
the experimental group; However, the difference was
not significant (P = 0.84). Lastly, the mean DQol scores
for the control and experimental groups were 8.40 +
12.36 and 6.08 + 7.83, respectively, but the difference
was not significant (P = 0.80). These results are present-
ed in Figure 3 and Figure 4.

Discussion

Dysfunction in the masticatory system affects cog-
nitive function, particularly among the elderly [21] and
one of the risk factors for cognitive impairment, specifi-
cally Alzheimer’s disease, is loss of natural dentition [5].
Loss of teeth due to oral pathology, trauma, and heredity

Besana et al. Int J Oral Dent Health 2019, 5:084

contributes to occlusal imbalance in the stomatognathic
system, which further leads to masticatory dysfunction
[22]. Additionally, occlusal imbalance also reduces the
individual’s ability to masticate. Specifically, the loss
of teeth and occlusal imbalance creates changes in the
physiology of the hippocampus that can be pathologi-
cal and lead to deficits in learning and memory [23]. In
our study, we determined the correlation between the
number of remaining natural teeth and cognitive func-
tion, both in denture-wearing and non-denture-wearing
groups. This division is due to the fact that comparison
between individuals using dentures and those who are
not, may render the results inconclusive. Our results in-
dicated that there was a close correlation between loss
of natural teeth and cognitive function in elderly sub-
jects within the chosen community. A total of 24 sub-
jects had < 20 teeth and 80% of those subjects exhibited
cognitive impairment. This finding is in agreement with
the aforementioned study [23], stating that a lower
number of teeth, particularly in the ones approaching
edentulism, was significantly correlated with impaired
cognitive function. The previous report also stated that
the decline in the number of teeth contributed to the
decline in the masticatory function of individuals, which
further decreased the cognitive abilities of the individ-
uals by inducing pathologic changes in the learning and
memory centers of the brain. However, in our study, we
observed no significant differences in the cognitive abil-
ities of patients wearing dentures compared to those
who were not wearing dentures. Similar results were
observed in a study conducted by Lexomboon, et al.
[5]; The report concluded that whether elderly people
chew with natural teeth or dentures may not contrib-
ute significantly to cognitive impairment, provided no
chewing difficulties are present. In the current study,

ePage 50f7 e



https://doi.org/10.23937/2469-5734/1510084

DOI: 10.23937/2469-5734/1510084

ISSN: 2469-5734

100

90

80

70

60

50

40

30

20

10

Number of Teeth

Congnitive Ability

B A (Normal Subjects without RPD)
I C (Normal Subjects with RPD)

E B (Cognitively Impaired Subjects without RPD)
E D (Cognitively Impaired with RPD)

Anteroposterior Occlusal
Asymmetry

Left and Right Occlusal
Asymmetry

Figure 4: Quality of life and depression.

it was also found that imbalances in the distribution of
occlusal forces were significantly related to the cogni-
tive ability of the subjects. Differences in the occlusal
force distribution in the anteroposterior dimensions
are due to the involvement of the posterior teeth in
the grinding of food. Occlusal force is affected by fac-
tors such as gender, age, contact area, and increased
contact between teeth [20,24]. Therefore, the posterior
teeth naturally exhibit greater force distribution than
the anterior teeth. However, discrepancies in occlusal
force distribution in the sagittal dimension on the left
and right sides might contribute; Some patients may be
right-side chewers or left-side chewers. Chewing pref-
erences may bring about asymmetries in force distribu-
tion in the sagittal dimension, and may be influenced by
functional dominance, temporomandibular disorders,
muscle activity, use of dentures, etc. [25,26]. Left-side
chewing activates the supplementary motor area of the
brain, while right-side chewing activates the inferior
frontal gyrus and inferior parietal lobule [27]. Theoret-
ically, this suggests that a decrease in the activation of
the frontal gyrus and inferior parietal lobe areas could
lead to memory loss. A study by Lee, et al. [26] reported
that mastication ability does not differ between domi-
nant and non-dominant sides, and it was suggested that
brain dominance correlates with chewing preference

Besana et al. Int J Oral Dent Health 2019, 5:084

but does not affect the efficiency of mastication. The
present results indicated that, regardless of the use of
dentures, subjects with fewer remaining teeth obtained
a lower score on the MMSE, rendering them cognitive-
ly impaired. Previous studies reported that systemic
diseases, such as diabetes and renal disorders, signifi-
cantly correlate with an individual’s cognitive ability
[28]. However, in our study, we did not find significant
correlations between systemic diseases and cognition.
Previous studies [29,30] have also reported that loss of
teeth is more prevalent in women than in men. We have
observed similar results in our study wherein 70% of the
24 subjects with < 20 teeth remaining were women. We
also observed that there were more women than men
who were cognitively impaired; A total of 17 out of 25
(68%) of our cognitively impaired subjects were women.
However, this difference was not significant.

Conclusion

The results of our study indicate a clear correlation
between tooth loss, occlusal force distribution asym-
metries, and cognitive function. The clinical relevance
of our results is evident. Oral health awareness is very
important for the general population. The ability to
maintain good oral health can lead to improved men-
tal and physical health. Attention and priority should be
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given to an individual’s oral health in order to maintain
or even improve mastication, which could lead to stabi-
lization or even improvement of cognition.
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