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Abstract: Significant changes in the microstructure of the brain cause dementia and other mental
declines associated with aging and disease. Although research has established a connection between
oral health and dementia, the underlying pathologic mechanisms are still unknown. Aim: Our aim was
to evaluate dentures’ impact on the cognitive state of geriatric patients. Material and methods: A total
of 108 individuals seeking treatment at the Faculty of Dental Medicine in Iasi, Romania, participated
in the study, which ran from May 2022 to October 2022. Cognitive dysfunction was assessed using
the Mini-Mental State Examination. The acquired data were analyzed with IBM SPSS 26.0, and the
p-value was set at 0.05. Results: The average value of the MMSE score was 21.81 ± 3.872. Differences
between groups of wearer/non-wearer subjects were statistically significant for most of the questions in
the questionnaire. Linear regression analysis showed that individuals with a high MMSE score have
prosthodontic treatment. A decrease in the MMSE score is associated with a decrease in masticatory
efficiency (B = 1.513, p = 0.268). Conclusions: This study provides further evidence that tooth loss is
associated with worse cognitive performance. It is thus conceivable that the necessary effects can be
achieved by increasing the efforts dedicated to preventing tooth loss in the adult population.

Keywords: brain; cognitive impairment; denture; dementia; geriatrics

1. Introduction

The most important trend of the 21st century is the general trend of an aging popula-
tion. The aging of the population is the outcome of several interrelated changes, including
falling birthrates, longer life expectancies, and later deaths [1,2]. By 2050, it is predicted
that around 16% of the world’s population will be over the age of 65, which is more than
double the present number and a fivefold rise since 1950 [3,4].

Age-related declines in cognitive abilities such as memory, judgment, language, and
focus are a natural consequence of the aging process. Neurodegenerative, vascular, and
dysthymia/dysphoria disorders are all potential causes. Social, functional, and vocational
activities can all be impacted by impairments in cognition and IQ [5,6].

The brain’s microstructure undergoes considerable alterations as a result of aging and
diseases, leading to cognitive loss. Changes in brain morphology (the shape and structure
of the brain) are a normal part of the aging process, with the most common alteration being
significant atrophy [7].

The neuroimaging community has extensively examined age- and disease-related
changes in the structure of the brain. For the first time, cross-sectional data may be
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compared directly to form attributes from atlases that are universally acknowledged [8].
Global brain shrinkage, changes in brain functional responses, and cognitive decline are
all common side effects of normal aging [8]. As a result of this, brain changes exhibit a
significant degree of individual variation and appear to be reliant upon different factors,
such as mastication [9].

Impaired cognitive function is associated with both nonmodifiable (such as age and
gender) and controllable (such as blood pressure and diabetes) risk factors [10–12]. Cogni-
tive impairment is not an illness but a description of a condition. It means that the person in
question has trouble with tasks such as memory or paying attention. They might have trou-
ble speaking or understanding. Additionally, they might have difficulty recognizing people,
places or things, and might find new places or situations overwhelming. Despite extensive
research, no definitive treatment for this cognitive deficit has yet been found [13]. Since
more people with mild cognitive impairment than without it go on to acquire Alzheimer’s
disease or similar dementia conditions, researchers have tried to examine and prevent mild
cognitive impairment in an effort to diminish the societal and financial costs related to the
condition. Potentially modifiable risk factors for cognitive impairment have been identified
as poor dental health and poor mastication [14].

According to scientific evidence, frequent sensory input when chewing causes an increase
in blood flow to the brain and a greater number of pyramidal neurons in the hippocampus.
When it comes to humans, this area of the brain is critical for the generation and retrieval of
episodic memory [15,16]. Neurotransmitter function may be negatively affected by insufficient
mastication capacity as well as by the absence of afferent stimulation by masticatory receptors.
This may result in a decrease in the amount of acetylcholine produced, which is responsible
for the stimulation of electrical flow between neurons [17,18].

Poor oral health has been associated with cognitive impairment in several long-term
cohort studies [19,20]. A correlation has been shown between the number of teeth in
a person’s mouth and their level of cognitive performance. It has also been shown in
several case studies that restoring tooth and masticatory function with an appropriate
prosthesis can increase functional activity in the brain [21,22]. The periodontal ligament
and masticatory muscle are thought to receive their nerve supply from the trigeminal nerve.
The attenuation of trigeminal nerve sensory input as a result of ongoing tooth loss has been
demonstrated to impair higher-level brain functions including learning and memory. [23,24].
Improvements in oral motor performance and shifts in mandibular position are closely
connected to deterioration in masticatory muscle function, and degradation of the ά-γ
coupling mechanism may be associated with senile dementia in some cases [25]. Previous
research has shown a link between dental health and dementia, but the pathogenic processes
by which this occurs remain unclear.

Despite the fact that we are aware of certain data that suggest otherwise, we are not
aware of any meaningful evidence about the impact that dentures play in the cognitive
state of older people who are edentate.

It is becoming increasingly clear that oral health may play a crucial role in a person’s
cognitive performance as they age. Many studies have found a link between the number
of natural teeth a person has and their cognitive abilities [26,27]. Even if we are aware
of certain statistics that suggest otherwise, we are not aware of any meaningful evidence
about the impact that dentures play on the cognitive state of older people who have lost all
of their teeth.

Although preliminary clinical investigations have supported this logic, it is still just
conjectured as to whether or not it is possible to reverse decrease in cognitive function by
improving chewing performance through restorative treatments. As a result, the present
study was designed to test the hypothesis that dentures, acting through the mastication
route, will have an impact on the cognitive state of the senior elderly population.
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2. Materials and Methods
2.1. Study Population

The study was conducted with the approval of the Ethics Committee of the Grigore T.
Popa University of Medicine and Pharmacy of Iasi (No. 18/05.05.2022), and the included
participants all consented to the procedures. The research was conducted from May 2022
to October 2022. At the recruitment stage, the study objectives were explained, inviting
all adults aged 60 years and above to participate in the study. The exclusion criteria were:
(1) younger than 60 years old, and (2) cognitive disease already being treated.

Patients seeking treatment at the Faculty of Dental Medicine in Iasi, Romania, were
eligible for enrolment; a total of 112 patients who agreed to take part in this study
were included.

The intraoral examination was performed by a single examiner who only considered
the number of missing teeth and not the efficacy of treatment for determining the edentu-
lousness type. The patients were given free rein as to how they wanted their mastication
assessed, and the goal was to determine whether or not cognitive impairment was inversely
proportionate to the number of patients with at least some of their original teeth.

2.2. Cognitive Dysfunction Assessment

Cognitive dysfunction was assessed using the Mini-Mental State Examination (MMSE),
which is a commonly used tool for measuring cognitive function. The MMSE works well
as a screening tool to distinguish between patients with and without cognitive impairment.
Since its initial publication in 1975, Folstein’s study has been cited about 50,000 times in the
Scopus database [28]. Its rapid implementation and widespread use may have contributed
to this effect. Furthermore, a recent meta-analysis demonstrated that the instrument’s
sensitivity was 85%, with specificity around 90%, for the diagnosis of dementia in both
community and primary care settings [29].

The instrument can also measure changes in cognitive status that may benefit from
intervention when administered repeatedly. The measure should not take the place of
a thorough clinical evaluation of mental status, however, as it is unable to diagnose the
circumstances surrounding changes in cognitive function. The test also significantly em-
phasizes verbal response, reading, and writing.

The Mini-Mental State Examination (MMSE) is used for conducting a complete and me-
thodical evaluation of mental status. The MMSE was translated and validated in Romania [30].
Five cognitive processes are examined in this 11-question test: orientation, registration, atten-
tion and calculation, recall, and language. The maximum score achievable is 30. Cognitive
impairment is indicated by a score of 23 or less. The MMSE can be administered in just
5–10 min, making it convenient to use frequently and on a regular basis.

2.3. Assessment of Covariates

People aged 60 and above have varying degrees of cognitive impairment. There is a
wide variety of potential causes, and often these factors overlap. Recent epidemiological
studies estimate that between 4.7% and 8.7% of the older population may have dementia,
while as many as 42% may be living with moderate cognitive impairment (MCI) [31–33].
Controlling for demographic covariates such as age, education, race, and neighborhood
(or place of residence) will strengthen the study design.

Screening tests are advised for the diagnosis of cognitive impairment in persons who
have a high suspicion of having Alzheimer’s disease (AD) or other disorders. Therefore, we
collected information about participants’ sociodemographic characteristics
(i.e., age, gender, education level, place of residence) and health conditions (e.g., presence of
chronic conditions).

2.4. Statistical Analysis

The acquired data were examined with IBM SPSS 26.0 (SPSS Inc. Chicago, IL, USA).
The statistical significance was set at p = 0.05. The descriptive study of the group’s general
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characteristics was reported as frequencies, means, and standard deviations. We employed
the Student’s t-test and the ANOVA test for comparisons. Correlations between MMSE
scores and specific variables were determined by applying linear regression (sex, education,
edentulous treatment, and masticatory efficiency).

3. Results

In total, 108 subjects participated in the study, with an average age of 67.79 ± 14.44
(minimum age of 28 and maximum age of 87) and a greater proportion of female subjects
(57.4%), with 53.7% having a high school education, and the majority coming from an
urban environment (64.8%). A total of 85.2% of the patients reported comorbidities, with
cardiovascular, metabolic, and locomotor problems being the most prevalent (Table 1).

Table 1. Characteristics of the study participants.

No. %

Age 67.79 year (SD 14.44), (min. 28 years, max. 87 years)

Sex
Female 62 57.4
Male 46 42.6

Education level
Elementary school 38 35.2
Secondary school 58 53.7
University studies 12 11.1

Place of residence
Urban 70 64.8
Rural 38 35.2

Type of edentation
Partially extended edentulism 14 13.0
Total edentulism 38 35.2
Combined edentulism 56 51.9

Treatment of dental edentation
Yes 54 50.0
No 54 50.0

Type of treatment of dental edentation
Untreated edentulism 54 50.0
Removable prosthesis 28 25.9
Composite prosthesis 26 24.1

Subjective masticatory efficiency Adequate mastication 50 46.3
Inadequate mastication 58 53.7

Comorbidities
Yes 92 85.2
No 16 14.8

Concerning dentition-related traits, more than half of the participants had several
types of edentation (51.9%), followed by those with complete edentation (35.2%). Only
50% of the edentulous participants underwent prosthetic treatments, 25.9% of them with
removable dentures and 24.1% having fixed and removable prostheses. Only 46.3% of the
individuals demonstrated adequate masticatory efficiency (Table 1).

In Table 2, the distribution of the participants’ answers to the questions of the MMSE
questionnaire is presented. The average value of the MMSE score is 21.81 ± 3.872 out of a
maximum value of 30. The increased frequency of answers with low scores can be observed
in the case of subjects who have teeth not treated with prosthodontic treatment; thus, in
the case where the subject had to count backwards from 100 by decreasing by 7, it was
observed that 22% of those who did not have prostheses did not have the ability to achieve
this, followed by 62% who managed to do this to a small extent.

More than half of the non-wearer subjects had reduced ability to recall the names of
three previously heard objects as well as to write a phrase with a subject and a predicate
(q 5: score 1–51.9%, q 6: score 0–51.9%). Reproducing a drawing was another situation
in which 55.6% of the non-wearer subjects encountered difficulties. Differences between
groups of wearer/non-wearer subjects were statistically significant for most of the questions
in the questionnaire (Table 2).
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Table 2. Distribution of participants’ answers to the questions of the MMSE questionnaire.

Questions
Mean ± SD

Maxim Value
MMSE
Scores

Edentulism
Treatment p

No Yes

1. Orientation: Which (year), (season), (day of the week),
(date), (month) is it?

4.15 ± 0.873 2
3
4
5

18.5%
7.4%

63.0%
11.1%

0.0%
0.0%
37.0%
63.0%

0.000
Max. 5

Where are we—(country), (town), (district),
(hospital), (floor)?

4.35 ± 0.701 3
4
5

25.9%
51.9%
22.2%

0.0%
25.9%
74.1%

0.000
Max. 5

2. Memory:
Say the names of three unrelated objects loudly and clearly,
with one-second pauses between them. Ask the patient to
repeat all three (1 point for each correct answer). If it does
not work the first time, repeat the test until the patient
repeats all three words (try up to 5 times). If the patient
cannot learn them all, immediate memory cannot be
properly assessed

2.28 ± 0.653

1
2
3

7.4%
59.3%
33.3%

14.8%
40.7%
44.4%

0.133
Max. 3

3. Attention and calculation
Subtract 7 from 100, then repeat from the result. Continue
five times: 100, 93, 86, 79, 72, 65

2.65 ± 1.328 0
1
2
3
4
5

22.2%
3.7%

33.3%
29.6%
7.4%
3.7%

0.0%
0.0%
25.9%
40.7%
18.5%
14.8%

0.001
Max. 5

4. Recall
Ask for the names of the three objects learned earlier
(1 point for each correct answer).

1.98 ± 0.875 1
2
3

51.9%
18.5%
29.6%

25.9%
29.6%
44.4%

0.022
Max. 3

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

1 ± 0.820 0
1
2

51.9%
29.6%
18.5%

14.8%
37.0%
48.1%

0.000
Max. 2

Repeat “No ifs, and or buts.”
1 ± 0.00

1 100% 100% -
Max. 1

Follow a 3-stage command: “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.) Score 1 for
each stage.

2.41 ± 0.737
1
2
3

18.5%
33.3%
48.1%

11.1%
25.9%
63.0%

0.277
Max. 3

Read and obey the following: “Please read this and do
what it says.” (Written instruction is “Close your eyes.”)

0.85 ± 0.35 0
1

29.6%
70.4%

0.0%
100% 0.000

Max. 1

Name a pencil and watch.
0.94 ± 0.23 0

1
11.1%
88.9%

0.0%
100% 0.012

Max. 1
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6. Copying:

0.52 ± 0.50

0
1

55.6%
44.4%

40.7%
59.3% 0.177

Max. 1

SCOR MMSE

21.81 ± 3.872 16
17
18
19
21
22
23
24
25
27
29
30

22.2%
3.7%

14.8%
33.3%
3.7%

18.5%
0.0%
0.0%
0.0%
0.0%
3.7%
0.0%

0.0%
0.0%
0.0%
0.0%

11.1%
0.0%
40.7%
11.1%
14.8%
7.4%
0.0%

14.8%

0.000Max. 30

The average value of the MMSE score was 21.81 (SD 3.872) and was associated with
edentation treatment (p = 0.000), subjective masticatory efficiency (p = 0.000), and detected
comorbidities (p = 0.000). There were no associations between the MMSE and gender
distribution, education level, or place of origin (Table 3).

Regarding the MMSE forms, depending on the general characteristics, the statistical
analysis indicates that female subjects present a higher frequency of moderate MMSE form
scores (35.5%), regardless of the level of education, and the mildest MMSE form scores.
More subjects with university degrees (75%) and those from the urban environment present
more cases of moderate MMSE than those from the rural environment (34.3%).
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Table 3. Cognitive impairment: means values for general characteristics, edentulism treatment, and
masticatory function.

Cognitive Impairment

Mean SD p *
No

MMSE
%

MMSE
Mild Form

%

MMSE
Moderate Form

%
p **

Sex Female
Male

21.10
22.78

3.696
3.932 0.025 6.5

8.7
58.1
65.2

35.5
26.1 0.565

Education level
Elementary school
Secondary school
University studies

21.16
21.90
23.50

3.309
4.233
3.398

0.184
0.0

10.3
16.7

65.8
55.2
75.0

34.2
34.5
8.3

0.091

Place of residence Urban
Rural

22.09
21.32

3.907
3.807 0.326 8.6

5.3
57.1
68.4

34.3
26.3 0.503

Treatment of dental edentation No
Yes

19.11
24.52

2.820
2.725 0.000 0.0

14.8
37.0
85.2

63.0
0.0 0.000 *

Subjective masticatory efficiency Adequate mastication
Inadequate mastication

24.68
19.34

2.736
2.881 0.000 16.0

0.0
84.0
41.4

0.0
58.6 0.000 *

Comorbidities No
Yes

24.60
21.18

5.051
3.268 0.000 40.0

0.0
40.0
65.9

20.0
34.1 0.000 *

* t test; ** Chi-square test.

Statistically significant differences were recorded in the case of the edentulous treatment
variables, where non-wearer subjects presented more moderate MMSE (63%, p = 0.000), as well
as in the case of subjects who declared that they had ineffective mastication (58.6%, p = 0.000)
and in the case of those who have comorbidities (34.1%, p = 0.000) (Table 3).

Linear regression analysis (Table 4) showed that in the case of the association of the
MMSE score and the edentation treatment, the correlation coefficient is positive (B = 3.986,
p = 0.004), which indicates that individuals with a high MMSE score (close to wave max. 30)
have prosthodontic treatment. This relationship is also highlighted in Figure 1, where the
regression line is positive and the points are grouped in quadrants I and III, demonstrating
a tight, positive, and balanced relationship between the two elements.
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Figure 1. Linear regression plot showing a positive correlation between MMSE scores and
edentulous treatments.
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Table 4. Linear regression analysis: association between MMSE score, sex, education, dentures, and
subjective masticatory efficiency.

Dependent
Variable

Independent
Variables

95% CI for B
p

B SE B Beta Lower
Bound

Upper
Bound

MMSE (Constant) 18.022 3.011 12.051 23.994 0.000

Sex 1.887 0.511 0.242 0.874 2.899 0.000

Education 0.815 0.393 0.135 0.036 1.595 0.041

Edentulism treatment 3.986 1.359 0.517 1.291 6.681 0.004

Subjective masticatory efficiency −1.513 1.360 −0.196 −4.210 1.184 0.268

A negative relationship was detected between the MMSE scores and subjective mas-
ticatory efficiency, which indicates that a decrease in the MMSE score is accompanied
by a decrease in subjectively evaluated masticatory efficiency in the study participants
(B = 1.513, p = 0.268) (Table 4, Figure 2).
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4. Discussions

According to recent findings in oral health and geriatric medicine, a new dimen-
sion has emerged in the study of significant links between impaired oral function, oc-
clusal/mastication, and specific systemic illnesses such as cognitive and brain functions.
Geriatric syndromes, such as memory and cognitive impairments and dementia, can lead
to a steady deterioration, which is sometimes accompanied by other comorbidities [34,35].

Cognitive issues are typically more prevalent and disabling in older people as a result
of their advanced age. According to the findings of our study, older age was substantially
related to the onset of cognitive impairment. This finding was in line with our expectations.

It has been widely debated in the literature [36] whether there is a correlation between
one’s socioeconomic position and access to dental treatment, and this does appear to be
an essential role in cognitive impairment. In our study, likely due to the limited number
of subjects, we did not find any link between the patients’ socioeconomic status and
cognitive impairment.

According to several studies, the existence of natural teeth in humans appears to be
linked to higher cognitive performance [37,38]. After conducting a literature review on the
relationship between occlusion and human brain function, Okamoto and his colleagues [39]
came to the conclusion that “mastication and other movements stimulate activity in the
cerebral cortex and could be useful in avoiding degeneration of cognitive ability. It has
been hypothesized that rhythmic chewing motions, which enhance blood flow in the brain
and stimulate various sections of the cortex, are responsible for this phenomenon and that
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an increase in blood oxygen levels in the prefrontal cortex, as well as in the hippocampus,
may influence learning and memory function [40,41].

Losses in masticatory function, rather than number of teeth, has been found to have a
significant effect on cognitive performance [42]. In this context, it is well known that the
molars are the teeth that can withstand a greater amount of masticatory power and are the
primary determinants of masticatory efficiency [43], and this is true for both natural and
artificial occlusion. Therefore, masticatory performance can have a favourable influence on
cognitive function [44], regardless of whether it is performed with natural teeth or with
prosthetic therapy. The results of our study are similar to those of previous studies in the
sense that persons with edentulous arches have reduced masticatory efficiency and low
MMSE values.

Even more intriguing is the finding that the only significant link between cognitive
deterioration and tooth loss was discovered when molars were missing from the mouth
after each kind of lost tooth was examined separately. This may be transmitted through
the locus coeruleus, which is triggered by a variety of factors including periodontal fibers
and proprioceptive jaw muscle spindles [45]. For our study, this could be considered one
limitation because we conducted the analysis taking into consideration only the type of
edentation and not the type of the remaining teeth.

It is undeniable that tooth loss has been associated with the development of memory
and cognitive impairment as well as dementia. Evidence suggests that having fewer than 20
teeth increases the likelihood of cognitive impairment and dementia in the elderly [46,47].

The findings of Shimazaki et al. revealed that around 50% of the entirely edentulous
and 35% of the partially edentulous who did not wear dentures acquired over time a
considerable risk of physical handicap and death [48].

Therefore, preserving as many natural teeth as possible or wearing dentures that are
well fitted can be a vital precaution for the oral and physical health of the elderly, especially
the more vulnerable population [49].

Greater chewing capacity from more functional tooth units on dental occlusion may
lead to extended life expectancy; similarly, a greater selection of nutrients in daily meals
is similar to intellectual and social activities for a higher functional quality of life [50].
According to the findings of recent investigations, age-related oral deafferentation and
age-related changes in brain activity might result in cross-modal problems, such as loss
of the ability to taste and smell food. Because of animal research in which hard food was
used as feed, the relationship between oral deafferentation and the neurocognitive and
neurogenic brain axis was further established [51].

Consequently, there has been a rise in the belief that dental deafferentation and
brain aging are linked, which might lead to new treatments for cognitive decline and
neurodegenerative illness in the elderly. In both humans and animals, the reduction in
hippocampal brain-derived neurotrophic factor levels is linked to the deterioration of brain
and masticatory processes. At the same time, the number of dendritic spines in molar-less
mice with the reduced distinction of newly neuronal resulted cells is inhibited, which may
be associated with damage in hippocampus-dependent spatial memory, a decrease in the
growth and survival of new-born cells in the dentate gyrus, an increase in hippocampal
amyloid-beta, and a deterioration of norepinephrine neurons in the locus coeruleus [51].

Despite the fact that our brain is in a permanent state of flux, new connections are al-
ways being formed, which might result in the acquisition of new abilities or adjustment to a
new oral environment. More research is needed to determine if the concept of “neuroplastic-
ity” is correct. Studies have also demonstrated the distinctive and reversible neuroplasticity
of corticomotor excitability in the context of controlling peri-oral tongue muscles during
movements. Two weeks following tongue training, it has been demonstrated that the
plastic alterations returned to baseline levels.

A study by Kumar et al. found that in their study group, denture users’ cerebral
activity returned to baseline levels three months following the placement of new dentures,
which was similar to the results of previous research. This is a return to the starting
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point [51]. It is possible that cortical modifications were more “elastic” (i.e., reversible) than
“plastic” once the training was discontinued, giving the appearance that the changes were
more permanent (i.e., irreversible).

The correlation between tooth loss and decreased cognitive performance is supported
by the findings of this study. As a result, it is likely that by increasing the efforts that are
committed to preventing tooth loss in the adult population it will be possible to achieve the
desired results.

It is important to note that this evaluation does have certain limitations. As a result
of the small sample size, we were unable to obtain reliable estimations of the parameters
governing the study’s validity. We also acknowledge that our participants were sampled
from one area of the city of Iasi, which may raise questions regarding the generalizability
of our results; a future population study could me more randomized, apart from age and
presence/absence of teeth.

5. Conclusions and Perspectives

These findings further highlight the positive impact of periodontal medicine and
preserving natural teeth on memory. Beyond the financial repercussions, the true cost of
cognitive decline, if we define it as memory impairment as well as personal experiences
and relationships, is unquantifiable.

As a future perspective for this pilot study, one might convene a multicenter study
group, representative for at least a region of Romania and presenting a possible corelation
between patients’ cognitive state of mind, prosthetic condition, and quality of life.

Furthermore, it may be possible to retain and safeguard other aspects of a person’s
wellbeing that cannot be quantified by preventing tooth loss, such as the capacity to live a
comfortable life, the conservation of memories, and the maintenance of a sense of one’s
own personality.
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