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Introduction

Physical Brain Changes Following Tooth Loss

Teeth connect with other organs in the body via nerves
which aid in sensory reception and proprioception. Specifically,
teeth have a correlation with parts of the brain. When observing
the somatotopic representation and center of gravity of teeth in
the postcentral gyrus, there is an overlap of sensory representation
in the rostral-to-caudal progression. This is a possible indication
that there is converging input from teeth. The center of gravity
was also consistent with the sensory homonucleus in the brain [1].
Tooth loss is characterized with much impairment such as difficulty in mastication, speaking, stereognosis, and proprioception.
Tooth loss also is associated with altered emotional functions [2].
In a representative sample of adults in the United States, who had
six teeth or more removed experienced a comorbid of depression
and anxiety [3]. Considering how tooth loss may lead to eventual
nerve loss and several motor/emotional complications, this review
analyzes how tooth loss affects the physical components of the
brain as well as the cognitive impacts.

Utilizing structural magnetic resonance imaging, voxel-wise
analysis and mice with different genetic strains, volumetric differences of 160 brain regions after teeth extraction were studied. The
study was done after twenty-one days on post-mortem mice, a control of sham operation and the variable of tooth extraction 3 right
maxillary molar teeth were extracted) were maintained. 34 brain
regions showed significant volumetric differences. These differences were in gray matter, a part of the central nervous system,
which is involved in sensory perception and muscle control [5].

Objective
The objectives of this review are:
1) To evaluate whether tooth loss has significant physical and
cognitive brain changes from analysis of literature
2) To determine gaps in found literature in relation to the topic
being studied
3) to determine if this research and future research will be able
to determine if tooth loss can be a predictor of certain diseases
and utilize this to prevent the diseases.

Results
Tooth loss has long term changes in the brain. In rats that
had their molar teeth extracted, there were sustained neuroplastic
changes that lasted one to two months [4]. Specifically, this study
examines general physical brain changes, specifically, white brain
matter changes and Parkinson disease patients.
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Decreases in Gray Matter Volume
There was a significant decrease in gray matter volume in
the primary somotosensory, primary motor region, and premotor
cortex [5]. The primary somatosensory processes afferent somatosensory input and contributes to movement by integrating sensory and motor signals [6]. The primary motor region is composed
of neurons that are crucial components of independent finger
movements. The premotor cortex is associated with learning arbitrary association and hand movement control [7]. The primary
motor region and premotor region usually work in conjunction.
The decrease in volume in premotor cortex can show a decrease in
masticatory performance. This evaluation is accordant to findings
of reduced tongue and jaw motor representation as well as diminished orofacial motor and somatosensory region excitability after
tooth loss in rodents [8].
There was a decrease in gray matter volume in the basal
ganglia (specifically, the striatum, globus pallidus, and nucleus
accumbens) [5]. The basal ganglion is a group of the subcortical
nuclei and contributes to motor control and learning and emotions
[9]. The striatum, globus pallidus, and nucleus accumbens are regions that administer motivation and motor processing. The nucleus accumbens in particular, participates in reward processing and
emotional memory formation. It also controls the motor recovery
post injury and response to harmful stimuli in patients with chronic
pain conditions [5]. The paraventricular nucleus of the hypothalamus is a significant source of projection in the nucleus accumbens
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and its brain matter volume is decreased due to tooth loss [10]. The
decrease in brain volume in the nucleus accumbens is correlated to
a steep cognitive decline [11]. There was a decrease in brain matter
volume in the frontal association cortex. This area is important for
processing inputs to the cerebral cortex and motor planning, working memory, and problem-solving behaviors [5].

Increases in Gray Matter Volume
There was an increase in brain matter volume in the temporal limbic forebrain regions- specifically the amygdala, subcortical
sensory and motor nuclei [5]. The amygdala regulates response
to fear and learning/ associative processing [12]. The entorhinal
cortex, which is located in the medial temporal lobe, relay object
and spatial information to the hippocampus, is also increased in response to tooth loss [13]. These brain regions are usually enlarged in
response to fearful conditions. The increased volume in the regions
due to tooth loss may be associated excessive fear or anxiety [5].
There was an increase in gray matter volume in mammillary
bodies and the anterior association cortex. The maxillary bodies play
an important part in consolidating memory [5]. The anterior association cortex is associated with memory and cognitive functions [14].
Tooth loss affects nerves and brainstem regions. There was
increased brain matter volume in brainstem regions including: the
trigeminal motor nucleus, facial nucleus and nerve, the trigeminal
sensory and solitary tract nuclei, pons, superior and inferior olivary
complexes, and the cuneate nucleus. These regions are responsible for sensory and motor functions [5]. Regarding the trigeminal nerve, which provides sensation to the face and is the motor
nerve associative mastication muscles [15], there is a decrease in
brain matter volume in the trigeminal motor nucleus. However,
there is an increase in the trigeminal spinal tract nucleus. Additionally, after a pulpectomy or acute dental stimulation, the neurons
in the trigeminal brainstem sensory nuclei have increased excitability while neurons of the orofacial sensorimotor cortex have a
decreased excitability [5].

Tooth Loss Association with Brain White Matter
Change
This study analyzes tooth loss on the terms of it being a
cerebrovascular risk factor. There is analysis of brain white matter change and silent infarction association with tooth loss. White
brain matter change may be correlated with defects in memory.
Humans were subjects and data were collected through interviews
and evaluations (Brain CT). Variables such as hypertension, smoking, diabetes, age, and hyperlipidemia were taken into consideration as potential covariates in the evaluations. White brain matter
change was defined as somewhat hypodense areas with diameters
greater or equal to 5 mm in the subcortical area. The P value for
significance was 0.01 for the analysis. The analysis was divided
into subjects with 0-5 lost teeth, 6-10 lost teeth, and greater than 10
lost teeth. In an unadjusted analysis, the white brain matter/silent
infarction subject odds ratio for 6-10 lost teeth was 2.3 with a 96
% confidence interval and p significance of 0.006 in comparison
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to 0-5 lost teeth subjects. The white brain matter/silent infarction
subject odds ratio for more than 10 lost teeth was 4.2 with a 95%
confidence interval and P significance of 0.001 when compared to
subjects with 0-5 lost teeth. Then an adjustment was made to the
odds ratio to take in the effects of the covariates. The odds ratio
was 1.7 for subjects with 6-10 lost teeth with a confidence interval
of 95% and a P significance of 0.12. The odds ratio for
Subjects with more than 10 lost teeth were 3.9 with a 95%
confidence interval and P significance less than 0.001. Overall,
subjects that had white brain matter changes and/or silent infarctions had greater lost teeth than subjects without those conditions
and had a normal brain CT. Although this study examines white
brain matter change, there is an increased significance of tooth loss
when regarded the covariates (age, hypertension, diabetes) [16].
This limits the actual determination as to if white brain matter
change and tooth loss are strongly correlated.

Tooth Loss Association in Parkinson Disease Patients
Parkinson’s disease pertains to loss of dopaminergic neurons.
This causes behavior dysfunction and deterioration of movement.
The study group had patients affected by Parkinson’s disease and
patients who were not affected by Parkinson’s disease who went
through periodontal deep socket investigation with the utilization
of a dental probe and X-rays. Per patient with Parkinson’s disease,
the average number of missed teeth was 13 (total record of 330
teeth) with a range of 10-22 teeth. Per patient without Parkinson’s
disease, the average number of missed teeth was 9 (total record of
418 teeth) with a range of 8-23 teeth. The patients with Parkinson’s
disease had a greater number of lost teeth than patients without
Parkinson’s disease. The study also evaluates the incidence of periodontal disease, which is a gum inflammation that results in serious damage of soft tissue and bone support, its caused by plaque
and contributing factors can be hormonal, diabetes, medications is
increased in patients with Parkinson’s disease and untreated caries
had no significant difference between both groups [2]. This study
relates the cognitive and movement deficiency consequences of
Parkinson’s disease as possible rationale for increased tooth loss,
suggesting impaired manual dexterity may negatively influence
oral hygiene and cause tooth loss. This study does not directly correlate tooth loss as a factor of loss of dopaminergic neurons which
is associated with Parkinson’s disease.

Conclusion
Teeth loss increases or decreases gray brain matter in specific
regions of the brain which all control different aspects of brain function. There was an increase in gray matter volume for regions that
controlled response to fear and learning, memory consolidation,
and the trigeminal spinal tract nucleus. Regions of the brain that
control movement, moor processing/control and emotions, working memory and problem-solving behavior, and the trigeminal motor nucleus had a decrease in gray matter volume. The finding of
the study can be employed for tooth loss prevention and treatment
[5]. Tooth loss may be utilized as a predictor of white brain matter
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and silent infarction. Despite incomplete correlation and data, this
study can be applied to educate patients on dental care and manage
the covariates as well [16]. Tooth loss and incidence of periodontal
disease is highly correlated to patients with Parkinson’s disease.
This can be used during dental checkups and take extra care in
oral health of Parkinson’s disease patients and to educate patients
[2]. These studies show a correlation between tooth loss and brain
changes and function, but do not explicitly state that tooth loss
can predict brain change and disease onset. Further studies can be
executed to examine the if tooth loss is a predictor, this can be best
done in a long-term study. Studies can be done over the course of
a subjects’ lifetime to determine the correlation between number
of lost adult teeth to the type of diseases accumulated through the
lifetime and what parts of the brain regions are affected. Another
study can be conducted to determine if tooth loss can be treated.
Osseoperception may be due to the primary sensorimotor cortex
of the brain and the brain may compensate loss of region matter
by engaging other parts of the brain [4]. Furthermore, the study
can examine if the treatment will be able to restore original nerve
conduction and revert brain changes.
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