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ABSTRACT

Objectives: The purpose of this observational clinical study was to evaluate the relationship between brain anatomical and
volumetric changes in white matter, grey matter, and cerebral cortex thickness with the number of functional occlusal pairs
present in the mouth.

Material and Methods: The number of functional occlusal pairs in 70 patients was counted and non-invasive brain analysis
was performed using magnetic resonance imaging. The volume of grey matter, white matter, and thickness of the cortex in
different areas of the brain were determined by SPM 12 and CAT 12 software. Multiple regression model corrected for multiple
comparisons using FDR and Spearman correlation coefficient were calculated for statistical comparison.

Results: A total of 70 (39 male, 31 female) were analysed, with an average number of occlusal pairs of 10.21 (3.99). According
to the Spearman correlation coefficient, a lower number of occlusal pairs was related to a reduction in white matter (right
external capsule and posterior limb of the internal capsule), a reduction in grey matter (right temporal superior and medial
gyrus and left cerebellum crus 1) and a reduction in thickness of the cerebral cortex (rostral anterior cingulated cortex of the
right hemisphere and areas in the right and left hemisphere, especially in the frontal cortex).

Conclusions: The number of occlusal pairs is related to the volume of white matter, grey matter, and thickness of the cerebral
cortex in areas of the brain that are directly involved in the onset and progression of Alzheimer’s disease and other dementias.
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INTRODUCTION

The world’s population is aging. This aging has led
to an increase in the incidence of neurodegenerative
diseases. As a consequence, neurological disorders
are the leading cause of disability-adjusted life-
years [1]. This will not decrease in the near future;
in turn, it is expected that the number of patients
with dementia triple in the next 30 years [2]. The
leading cause of dementia is Alzheimer’s disease.
Classically, the disease has been characterized
by the accumulation of intra and extracellular
peptides such as amyloid-B protein or neurofibrillary
tangles [3]. The accumulation of such peptides
generates environmental toxicity, neuronal death,
and a reduction in synapses. As a result, there is an
alteration in cognitive functions and, at the end, the
impossibility of performing daily tasks autonomously.
In Alzheimer’s there is also an alteration in the white
matter [4], grey matter [5] and the thickness of the
cerebral cortex [6]. Despite the fact that aging is the
main and inevitable risk factor for the appearance of
this disease [7], multiple situations can act as risk or
protective factors in the progression of its onset and
progression [8]. Physical, cultural, or social activities
have been well determined as protective factors.

Because of the absence of effective strategies in
the treatment of Alzheimer’s, there is an increasing
interest in the study of those and other factors to
prevent the progression of Alzheimer’s disease.
Among them, the role of oral health as a protective
factor in the advancement of neurodegenerative
diseases has been evaluated [9]. In summary, there
is enough evidence from animal studies concluding
that occlusal alterations or absence of molars
cause a decline in cognitive functions through a
direct reduction of stimuli, an alteration of the
hypothalamic-pituitary-adrenal axis, an increase in
the inflammatory response and an alteration of the
cerebral brain-derived neurotrophic factor (BDNF)
and its receptor, tropomycin receptor kinase B (TrkB).
Altogether, these situations lead to a reduction in adult
neurogenesis, a decrease in synapses and an increase
in neuronal apoptosis [10-12]. In humans, evidence
from several observational [13] and epidemiological
studies [14] also confirms the association between
both oral health and cognitive functions. However,
the pathway for such association is not well
known yet. Particularly, the classical periodontal
pathway suggested an association mediated by
the inflammatory status. This hypothesis is being
questioned [15]. In turn, occlusal function itself is
gaining more and more attention. Occlusal function
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is determined by many factors. Indirectly, the number
of missing teeth is classically used as cut-off. More
interestingly, though, is the number of functional
occlusal pairs, either prosthetically rehabilitated
or not. Therefore, because of the lack of previous
studies, the aim of this observational clinical study
was to determine the importance of occlusal function
measured through functional occlusal pairs present
in the mouth and its relationship with the cerebral
anatomical state, particularly in the form of changes
in white and grey matter and thickness of the cerebral
cortex.

MATERIAL AND METHODS
Participants

A total of 80 participants were consecutively enrolled
from November 2016 to January 2020 in this cross-
sectional study from those attending the Department
of Oral Surgery and Implant Dentistry, University
of Granada (Granada, Spain), either for third molar
removal or for rehabilitation of missing teeth by
dental implants. To be included in the study, the only
condition was either to have at least the 28 functional
teeth in the mouth (excluding third molars) or, in
the case of having missing teeth (excluding third
molars), to have not worn a prosthetic rehabilitation
for at least 1 year since tooth extraction. Patients were
excluded if they were taking any kind of psychoactive
drug, central nervous system depressor or could not
be subjected to the magnetic resonance imaging
(MRI) techniques because of presence of metallic
objects in the body (stents, for example) or any other
medical condition that contraindicated the MRI
study.

Participants were informed of their rights, signed
an informed consent form, and were treated in
accordance with the Helsinki declaration. This
research was approved by the Ethics Committee
on Human Research of the University of Granada
(no. CEIH: 905). The manuscript has been prepared
following the STROBE guidelines for observational
studies.

MRI scanning and analysis

MRI were obtained with a Siemens Trio 3T scanner
equipped with a 32-channel head coil (Siemens
Healthineers; Erlangen, Germany) and located at
the Mind, Brain and Behaviour Research Centre,
University of Granada. Subject’s head movements
were minimized using a head restraint system
and foam padding around the subject’s head.
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T1 weighted structural images were obtained
using a magnetization-prepared rapid gradient-
echo (MPRAGE) pulse sequence (TR = 1900 ms;
TE = 2.52 ms; flip angle = 9°). For each volume,
176 slices of 1 mm thickness were acquired with the
following parameters: voxel size = 1 x 1 x 1 mm?,
FOV =256 x 256 mm?; matrix size = 256 x 256.

The Computational Anatomy Toolbox (CAT12) [16]
was used to perform the voxel based morphometry
and the thickness estimation of cortical grey matter,
with the default parameters. CAT12 is the current
version of the CAT software and runs in MATLAB
(MathWorks) or as a standalone version with no need
for a MATLAB license. Basically, CAT preprocessing
consists on the following stages: denoising (using
spatial-adaptive non-local means and classical
Markov random field), interpolation (to improve
image quality), affine preprocessing, local adaptive
segmentation (using a local intensity transformation
of all tissue classes to reduce differences in grey
matter intensities in different part of the brain),
adaptive maximum a posteriori technique (AMAP,
being adaptive so that local wvariation of the
parameters are modelled as slowly varying spatial
functions), partial volume segmentation (that include
grey matter, white matter, cerebrospinal fluid and two
mixed tissue classes: grey-white matter and grey-
cerebrospinal fluid), skull stripping and clean-up, an
spatial normalization to the Montreal Neurological
Institute (MNI) template (https://neuroconductor.
org/help/mni/index.html). For the estimation of
cortical thickness, CAT uses a tissue segmentation to
estimate the white matter distance, then projects the
local maxima to other grey matter voxels by using a
neighbour relationship described by the white matter
distance.

Procedure

Between November 2016 and January 2020, each
participant was firstly evaluated at the School of
Dentistry, University of Granada. A full-oral and
dental exam was conducted. Data on number of
teeth and occlusal pairs were collected. In addition,
sociodemographic data were also acquired, including
age, gender, laterality, educational level, and tobacco
and alcohol consumption. Then, participants were
referred to the Mind, Brain and Behaviour Research
Centre, University of Granada, for the MRI scan. The
scanning session extended for about half an hour.

Statistical analysis

Statistical Parametric Mapping software package
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version 12 (SPM12) software (Welcome Department
of Imaging Neuroscience; University College,
London, UK) and CAT12 were used for the analysis
of the voxel-based volumetric data and the region-of-
interest analysis of cortical thickness, respectively.
In both analyses, a multiple regression model was
used, in which the predictor of interest was the
number of occlusal pairs remaining in mouth and the
variables of no interest were age, gender, occupation
and educational level. For the volumetric data, the
total intracranial volume was used as an additional
covariate of no interest. For the cortical thickness we
used the Desikan-Killiany Atlas (https://identifiers.
org/neurovault.image:23262) as implemented in
CAT12. A significance level of 0.05 corrected for
multiple comparisons using false discovery rate
(FDR) at the cluster level was used for all the
analyses. The Spearman correlation coefficient (r) was
used to assess the association between the number
of occlusal pairs and the remaining predictors of no
interest.

Data availability

The data that support the findings of this study
are available from the corresponding author upon
reasonable request.

RESULTS

Of all the participants who signed the informed
consent, 70 (39 male, 31 female) were able to pass
the magnetic resonance stage, while the remaining
10 participants were not amenable for the MRI stage
because of several health conditions. Average age
was 57.46 years ([SD 9.79]; min 38; max 75). All
participants were right-handed. By education level,
35% had a primary level or less, 21% had attended
secondary studies, 15% high-school and 29%
graduated at university. 54% of the participants had
never smoked and 40% had never consumed alcohol
(Table 1).

The average number of occlusal pairs remaining in the
mouth was 10.21 ([SD 3.99]; min 0; max 15). There
was no association between number of occlusal pairs
and age (r = -0.089, P = 0.46). There was a tendency
for women to have more occlusal pairs than men
(r = 0.27, P = 0.024, averages of 9.3 and 11.4,
respectively for men and women). Finally, it was
determined that the higher the level of education of
the subjects, the higher the number of occlusal pairs
(r=0.28,P=0.019).

The analysis of the volumetric data yielded effect of
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the number of occlusal pairs both in grey and white
matter. Regarding grey matter, more volume was
observed in an area of the right temporal superior and
medial gyrus and in the left cerebellum crus 1 when
more occlusal pairs were present (Figure 1, Table 2).
Regarding white matter, effects were observed for the
number of occlusal pairs in the right external capsule
and the right posterior limb of the internal capsule in
the same direction: the higher the number of occlusal
pairs, the higher the volume of the indicated areas
(Figure 2, Table 2).

The analysis of the thickness of the cerebral cortex
yielded an effect of the number of remaining occlusal
pairs on the rostral anterior cingulated cortex of
the right hemisphere, when corrected for multiple
comparisons (Figure 3A). A less stringent criterion not
correcting for multiple comparisons was also adopted
to assess potential candidate areas correlating with the
number of occlusal pairs. In this case, areas in the left
and right hemisphere, especially in the frontal cortex
were reduced in thickness of their cortex when the
number of occlusal pairs was reduced (Figure 3B,
Table 3).

Table 1. Demographic and baseline data of patients included
in the study

Age

Mean; min; max | 57.46; 38; 75
Gender, n (%)

Male 39 (56%)
Female 31 (44%)
Tobacco consumption, n (%)

Yes 32 (46% )
No 38 (54%)
Alcohol consumption, n (%)

Yes 42 (60%)
No 28 (40%)
Education level, n (%)

Primary 25 (35%)
Secondary 15 (21%)
High school 10 (15%)
University 20 (29%)

Average number of occlusal pairs

Mean (SD); min; max | 10.21 (3.99); 0; 15

SD = standard deviation.

Figure 1. The two significant cluster of grey matter positively associated to the number of occlusal pairs.

Table 2. Areas of grey and white matter which volume is significantly associated with the number of occlusal pairs in the mouth

9
Hemisphere Area k Student’s X|Y| Z
t-test
Grey Right Temporal superior/mid | 766 4.46 53 |-14| -5
matter Left Cerebellum crus 1 695 4.26 -42 | -41 | -41
White Right E)ftemal (.:apsule/posterlor 475 438 24 |14l 8
matter limb of internal capsule

k = size in voxels; X, Y, Z = Montreal Neurological Institute (MNI) coordinates of the peak of the cluster.

Figure 2. The cluster of white matter positively associated to the number of occlusal pairs.
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Figure 3. A =the rostral anterior cingulated cortex of the right hemisphere positively associated to the number of occlusal pairs in the mouth.
B = areas of cerebral cortex thickness associated to the number of occlusal pairs in the mouth without correcting for multiple comparisons.

Table 3. Areas of the cerebral cortex which thickness is significantly associated with the

number of occlusal pairs in the mouth

Hemisphere | P-value® k Overlap Region Association

70% Superior frontal Positive

Left 0.005 [ 17354 | 22% Caudal middle frontal Positive
3

8% Caudal anterior cingulate | Positive

0.01 839 100% Temporal pole Negative

48% Superior frontal Positive

16% Paracentral Positive

<0001 | 24532 12% Posterior cingulate Positive

' 11% Medial orbital Positive

Richt 7% Caudal anterior cingulate | Positive

i

& 4% Rostral anterior cingulate | Positive

0.05 6868 100% Superior temporal Positive

0.02 3886 | 100% Lingual Positive

0.02 1326 72% Pars triangularis Positive

' 28% Pars orbitalis Positive

aSpearman correlation coefficient.
k = size of the cluster.

DISCUSSION

The current study uses non-invasive MRI techniques
combined with the objective analysis of the patient’s
occlusal status. This combination allows us to obtain
objective information that relates both variables.
In this study, we report a reduction in white matter,
grey matter, and cortical thickness in patients
with fewer occlusal dental pairs, independently
of the patient’s age. We observed changes in the
white matter in the right external capsule and
posterior limb of the internal capsule. The changes
observed in the grey matter involve especially the
right temporal superior and medial gyrus and left
cerebellum crus 1. Regarding the cerebral cortex, we
found a reduction of its the thickness in the rostral
anterior cingulated cortex of the right hemisphere,

http://www.ejomr.org/JOMR/archives/2024/4/e4/v15n4edht.htm

and several areas in the right and left hemisphere,
especially in the frontal cortex. To our knowledge,
no study has been done analysing such changes until
now.

Our findings are of paramount importance. The
areas of the brain that we found to be modified in
association to the number of occlusal pairs in the
mouth are also related to the progression of several
diseases that course with dementia. Grey matter of
the superior hemisphere and middle temporal gyrus
have been observed to be reduced in Alzheimer’s
disease [8]. They are associated with short-term
memory, speech comprehension and attention [17].
White matter changes are also associated to cognitive
decline, Alzheimer and dementia [4]. Particularly,
the reduction of white matter in the external capsule
is related to alterations in executive functions
[4] and a reduction in cholinergic fibres [18].
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Together, these changes contribute to explain some of
the executive dysfunctions and alterations in cognitive
functions that are seen in Alzheimer’s disease. Even
more, structural changes in the brain white matter
can be observed decades before the onset of clinical
symptoms of Alzheimer’s disease [6]. This white
matter loss precedes the loss of grey matter [19].

The rostral anterior cingulated cortex has been
related to the emotional aspects of frontotemporal
dementia [20], fear [21] and several cognitive
functions as memory [22]; or as suggested recently,
this area constitutes a connectional hub in emotion
and cognitive control [23]. Thinner rostral anterior
cingulated cortex has been previously observed in
a group with amyloid-B, compared to the control
group of the same age but without amyloid-f [24].
Consequently, there is a negative association between
rostral anterior cingulated thickness and overall
cognitive function [25].

In the current study, and for the first time in the
literature, we have found the described structures to
be negatively affected by loss of teeth, particularly
the reduction of functional pairs of occluding teeth,
i.e., occlusal pairs. This is masticatory deficiency
negatively affects important areas of the brain related
to cognition and particularly affected in Alzheimer’s
disease. These connections between masticatory
function and cognitive decline have been reviewed
by our group elsewhere [9]. Briefly, the possible
connection has been explained by several reasons. For
example, there is a direct activation of brain areas and
increase in cerebral blood flow to those areas during
mastication. Thus, there is greater angiogenesis and
better neurotrophic support [26-28]. In addition, there
is an increase in trigeminal sensory inputs towards
the locus coeruleus that leads to a modulation of
neuroinflammation and the noradrenergic system,
improving neurotrophic support and favouring the
phagocytosis of beta amyloid plaques [29-32]. There
is also an increase in the release of myokines from the
masticatory muscles such as irisin, which lead to an
increase in hippocampal BDNF, improving neuronal
plasticity, hippocampal volume, neurotrophic support
and the non-amyloidogenic pathway of the amyloid
precursor protein [33-35].

Most of these pathways described in animal models
have only been suggested in humans by observational
and cross-sectional studies of the effects. In fact, our
own group has recently conducted a study of large
databases from several national health surveys for a
total of 102,291 individuals. We found that edentulism
is among the factors associated to cognitive, memory
or concentrating issues with the highest odds ratio
(OR). In some cases, this OR was even higher than
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that of other commonly accepted confounders such
as age, education level or socio-economic status
[14]. In fact, when the model was adjusted for such
confounders, the OR of edentulism and cognitive
problems was still high at 2.38. Moreover, we also
tested whether people under age 45 showed an
increased probability of having memory/confusion
problems. This analysis showed an OR of 1.88.
Thus, we may suggest that the association between
masticatory and cognitive functions is independent
of such other factors, including age. Moreover, as
opposed to other previous studies that set 9 teeth as the
limit to consider edentulism, the association we found
had a cut-off value of 20 teeth, while 28 is considered
as full dentition. This indicates that cognitive function
might be affected when very few teeth are lost. Similar
findings have also been recently reported, with 11
pairs of masticatory pairs as the limit for significant
association [36]. Interestingly, compared to other
types of teeth, loss of molars shows the highest OR
in the association with cognitive issues: 1.32 [14].
Recent findings confirm the importance of occlusal
function with molars in the association with cognitive
status [37]. Molars are the main teeth responsible for
mastication and are correlated with muscle function
[38], and highly affect the activation of specific areas
of the brain [27]. Additionally, the loss of molars is
associated with neuronal apoptosis in the hippocampus
through the activation of the p38MAPK-NFkB-
caspase 3 signalling pathway [39]. Thus, masticatory
function itself, with either natural dentition or occlusal
rehabilitation, as also suggested in other studies,
could be the responsible for the association, rather
than just the number of teeth [3]. It is also important
to consider that patient satisfaction and quality of life
increases tremendously with just single retention of the
prosthesis by dental implants, regardless of the number
of them [43]. In any case, some types of prosthesis,
particularly  implant-supported  fixed  dentures,
show better induction of functional neuroplasticity
in patients undergoing denture rehabilitation [44].
Moreover, this association showed a gradient effect:
the lower the number of teeth, the greater the risk of
exhibiting cognitive decline; in addition, the sooner
tooth loss happens, the earlier cognitive impairment
appears [14].

Thus, oral health is demonstrated to be a potent
effector in healthy cognitive ageing. As we
demonstrate in this study, there is a relationship
between the number of dental occlusal pairs, and,
therefore, masticatory function, with brain anatomical
features that are directly involved in cognition and
development of Alzheimer’s disease. Consequently, in
the absence of effective therapies to stop Alzheimer’s
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disease, and in addition to the control of other risk

factors, we must propose oral health, prevention of

tooth loss and, ultimately, occlusal restoration, if
needed, as a tool to fight neurodegenerative diseases.

The current study analysed only the number of

occlusal pairs as a determinant of masticatory function.

Masticatory function, however, is more complex than

just number of teeth. Among others, mastication has

important key characteristics:

1. Involves muscular activity and proprioception;

2. Can be automatic or voluntary;

3. It is influenced by the type of restoration,
pathology or status of the teeth themselves and the
surrounding structures (i.e., periodontal ligament);

4. Can be affected by parafunctions such as bruxism,
highly dependent on stress and anxiety.

Cognitive decline and Alzheimer are also more
than just anatomical changes in the brain. However,
altogether, the information presented is objective and
potentially justifies pathways of association between
the two conditions. Thus, it is necessary to deepen
the understanding of both entities and their relation
by determining the interaction pathway through
intervention studies, anatomo-pathological analyses,
and biological investigations. This combination will
allow us to establish effective strategies to help slow
down some devastating cognitive diseases.

CONCLUSIONS

In order to contribute to the search for effective

strategies in the fight against Alzheimer’s disease and
other dementias, a study was conducted in which non-
invasive brain analysis was combined with the MRI
technique and the objective evaluation of masticatory
function based on the number of occlusal pairs of
teeth.

The results of the present study revealed that a lower
number of occlusal pairs is related to a reduction in
white matter, gray matter, and the thickness of the
cerebral cortex in brain anatomical areas directly
involved in the onset or progression of Alzheimer’s
disease and other dementias.
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