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Abstract. This study was conducted to determine the effectiveness of orthodontic appliances in improving cerebral
circulation. The 24 participants of the study underwent a rheoencephalographic examination before and during the use
of mouth guards. Its results analysed the changes in blood filling and blood flow in the brain vessels and evaluated the
dynamics of treatment. According to the results of the study, insignificant, and slight positive treatment dynamics were
detected in 58.33% of the subjects, no negative dynamics were detected, and no significant changes were recorded in
41.67% of the participants. This effect of orthodontic appliances on improving cerebral circulation is explained by the
fact that by alleviating the symptoms of craniomandibular dysfunction, they affect the balance of the centre of gravity of
the skull, reduce tension and spasm in the neck muscles, and protect the joints from mechanical irritation, which helps
to reduce vascular tone and improves blood filling and blood flow in the masticatory muscles and jaw joint. The blood
filling of the chewing muscles and jaw joint has no direct connection with the blood filling of the brain vessels, as these
structures are supplied from different arteries, However, a decrease in vascular tone in the craniomandibular system and
in the muscle bed of the cervical spine can affect blood pressure reduction and venous outflow in the jaw joint, which
will indirectly improve cerebral circulation. The obtained results indicate that orthodontic problems can be factors of
deterioration of blood filling and blood flow in the vessels of the brain, so the use of mouth guards is an effective method
that should be used in the complex treatment of patients with cerebral circulation disorders
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INTRODUCTION
There are two main reasons for the importance of finding  and other neurodegenerative diseases that affect the blood
alternative approaches to improve cerebral circulation: the  supply to the brain and the limited availability of exist-
high prevalence of stroke, dementia, Alzheimer’s disease, ing treatments that are not always effective or have side
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effects. The potential advantages of using orthodontic ap-
pliances (mouth guards) to improve cerebral blood flow are
the absence of side effects typical of traditional therapeutic
methods and the possibility of improving cerebral circula-
tion by reducing vascular tone due to the redistribution
of masticatory pressure. To evaluate the potential of this
method, it is important to conduct research to determine
the biological mechanism of mouthguards’ impact on im-
proving cerebral circulation and to determine the level of
their effectiveness and safety. As with any research related
to the effectiveness of new therapies, there are a number of
significant problems with studying the feasibility of using
mouthguards to improve cerebral circulation. The first is
the lack of scientific evidence on the effectiveness of their
use in this area.

The few works related to this topic are mainly focused
on identifying the correlation between the occlusal balance
achieved with the help of certain orthodontic devices and
certain indicators of brain functioning measured by instru-
mental methods. A study of the modification of cognitive
functions caused by a functional orthodontic device was
conducted by F. Pachi et al. [1]. Their results were based on
observations of the electrical activity of the brain of 10 sub-
jects. Cognitive functions, stress, arousal, and concentra-
tion were chosen as qualitative indicators for comparison,
which, according to the results of observations, had sig-
nificant differences between the three phases of the study
(initial occlusion, occlusion changed by a functional ortho-
dontic device and occlusion after removal of the device).

G. Sadvandi et al. [2] conducted a systematic review of
the effect of experimental orthodontic tooth displacement
on brain activation assessed by functional magnetic reso-
nance imaging. The results showed that patients who used
orthodontic separators experienced changes in the activa-
tion of brain areas associated with nociception, emotion,
and cognitive functions.

Based on the observations of C. Kariya et al. [3], it was
determined how the process of chewing, depending on the
bite, affects cerebral blood flow. They analysed the cerebral
blood flow measured by functional near-infrared spectros-
copy during chewing. The results showed a correlation be-
tween jaw movement and cerebral blood flow, indicating an
adverse effect of an anterior open bite on brain function.
Despite the fact that all studies provide evidence of a cor-
relation between dental occlusion and brain function, the
limited size of their samples does not allow for definitive
conclusions about the effectiveness of the method of im-
proving cerebral blood flow through the impact on the bite.

Another problem with the study is the lack of under-
standing of the biological mechanisms by which orthodon-
tic structures could affect cerebral circulation. P. Proff et
al. [4] studied local vascularization during orthodontic
tooth movement in a rat model. Using magnetic resonance
imaging, the authors analysed the effect of orthodontic
tooth movement on blood flow in the surrounding tissues
and confirmed the hypothesis of increased perfusion in the
areas of periodontal ligament tension during orthodontic
tooth movement, but the relationship between local vas-
cularization and cerebral blood flow was not established.

The relationship between the immune system and or-
thodontic tooth movement based on cellular and molec-
ular mechanisms was analysed by Y. Gao et al. [5]. They

investigated the mechanism of interaction of bone and soft
tissue remodelling, cement resorption, orthodontic pain
and relapse with immune cells and immunological active
substance. And the interaction of cytokines in orthodontics
was studied by F. Inchingolo et al. [6]. The results revealed
the influence of cytokines on the cellular activity and
metabolism of bone and soft tissue of the tooth through
inflammatory processes and processes occurring due to
tension and compression in the periodontal ligament. Al-
though the activity of the immune system is related to the
blood circulation process, the mechanisms of influence of
orthodontic tooth movement on cerebral circulation have
not been established in the above works.

An important problem of the study is the possibility
of risks for patients using orthodontic constructions. I. Ku-
mar et al. [7] emphasized the possible risk of orthodontic
procedures for patients with cardiovascular diseases and
blood coagulation disorders. G. Gokgce [8] identified aller-
gic reactions and chronic fatigue syndrome among the side
effects associated with orthodontic treatment. The risks
that may affect cerebral circulation were not considered in
these studies.

An additional problem may be created by the lack of
a clear understanding of gender and age differences that
may affect the results of using orthodontic appliances.
When studying the impact of malocclusion on improving
patients’ oral health-related quality of life in adolescents,
L. Schwarz et al. [9] found that the initial type of malocclu-
sion has an impact on this indicator, while the gender and
age of children do not correlate with it. Given that the par-
ticipants of the study were adolescents, it was not possible
to determine the differences in the impact of orthodontic
treatment in different age groups based on its results.

Studying the relationship between the impact on oral
health and personality profiles among orthodontic pa-
tients, A.A. Al. Nazeh et al. [10] determined that the impact
of orthodontic treatment on oral health differs depending
on the patient’s gender. The results of the study were ob-
tained in accordance with the methodology for assessing
the profile of impact on oral health, which did not include
determining the impact of orthodontic treatment on cere-
bral circulation or other indicators of brain function, so in
the context of the tasks of this work, their use is incorrect.

The purpose of the study was to determine the effective-
ness of the use of mouth guards to improve cerebral circula-
tion.Its tasks were to conduct rheoencephalographic studies
with a sample of patients, assess the dynamics of treatment
and establish the biological mechanisms of the effect of or-
thodontic appliances on changes in cerebral circulation.

MATERIALS AND METHODS
To determine the effectiveness of using REHASPLINT
mouthguards to improve cerebral circulation, rheoenceph-
alographic studies of patients were conducted at the Kyiv
Regional Mental Health Centre, a municipal non-profit en-
terprise of the Kyiv Regional Council, in Vorzel, from 1 to
29 March 2023. The instrumental examination was carried
out using a digital rheoencephalograph, which recorded
changes in the electrical resistance of the head tissues us-
ing sensors and provided the results in the form of graphs
and tables. The patients were examined in a standard po-
sition. It assessed blood flow velocity and volume, vascular
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tone and vascular resistance. The study group consisted of
24 men with an average age of 28.5 years. The inclusion
criteria were met by participants who had cerebrovascular
disorders and needed to use orthodontic appliances (mouth
guards) to solve orthodontic problems of varying severity
or to protect the jaw during active or vigorous activity. The
exclusion criteria excluded people under the age of 18 and
those with contraindications to rheoencephalographic ex-
aminations: head injuries with damage to the skull bones,
intracranial haemorrhages, acute infectious brain diseas-
es, mental disorders, neurological disorders, epilepsy, se-
vere cardiovascular diseases and hypertension. The study
was conducted in accordance with the ethical standards
that must be met in research involving human subjects,
as outlined in the Declaration of the Helsinki Group of the
World Medical Association [11]. All participants provided
informed consent to participate in the study.

In accordance with the recommendations for the use of
REHASPLINT orthodontic appliances, during the month of
the study, the participants wore the aligners for 30 minutes
2-3 times during the day and throughout the night. They
did not eat, drink or talk while wearing the aligners.

The first rheoencephalograph measurements were tak-
en before wearing the mouthguard, and the second during
the wearing. Significant changes in cerebral circulation in-
dices were determined by the difference in blood filling in
the basin of the superior middle artery (SMA), vascular tone
in the SMA, tone of the main arteries in the SMA, tone of
the resistance arteries in the SMA between the two meas-
urements. Their determination was based on the relation-
ship between the average blood flow velocity in the frontal
lobe of the brain (FMs), the average blood flow depth in
the frontal lobe of the brain (FMd), the average blood flow
velocity in the parieto-occipital region of the brain (CMs),
average blood flow depth in the parieto-occipital region of
the brain (CMd) and vascular resistance (Oa), an indicator
of low-frequency blood flow fluctuations associated with
vasomotor activity (al), an indicator of medium-frequency
blood flow fluctuations associated with respiration (¢2), an
indicator of high-frequency blood flow fluctuations associ-

ated with the pulse wave (B), the volume of blood passing
through the brain vessels per unit of time (Vo), an indicator
of the ratio between blood flow volume and vascular resist-
ance (R1), blood flow velocity in the brain capillaries (MKi),
blood flow volume in the brain capillaries (MKd), the ratio
between the frequency and duration of blood flow fluctu-
ations (a/T), and the biological age of the vessels (BCA).
Based on the analysis of the dynamics of treatment of each
of the studied patients, the effectiveness of using REHA-
SPLINT orthodontic appliances to improve cerebral circu-
lation was determined. The method of descriptive statistics
was used to process the data.

The biological mechanisms by which orthodontic ap-
pliances can affect cerebral circulation were determined
based on the results of rheoencephalography and analysis
of scientific sources in the relevant field. The sources were
searched for in PubMed, Web of Science, Google Scholar
and Scopus databases using the following keywords: “bi-
ological mechanisms associated with the occlusion pro-
cess”, “relationship between occlusion and cerebral circu-
lation”, “the effect of orthodontic structures on cerebral
circulation”, “relationship between occlusion and cerebral
blood vessels”, “the relationship between dental occlusion
and vascular tone”, “negative effects of malocclusion”,
“the impact of orthodontic structures on biological pro-
cesses associated with the brain”, “factors affecting cer-
ebral circulation”. The inclusion criteria were papers that
contained relevant information on the subject of the study
(theoretical studies related to the mechanisms of ortho-
dontic pathologies, results of cerebral circulation meas-
urements, assessment of cognitive function, assessment of
quality of life, etc.), and the exclusion criteria were papers
published before 2010.

RESULTS
According to the results of the rheoencephalographic ex-
amination, all the examined patients had cerebrovascular
disorders of varying severity. A descriptive analysis of the
examination results before and during the use of the ortho-
dontic appliance (mouthguard) is given in Table 1.

Table 1. Analysis of the results of rheoencephalographic examination
of patients before and during the use of orthodontic structures (caps)

Data based on measurements before using caps Assessment of the impact of
Patient Type of cerebral orthodor.ltic str.uctures on cerebral
number ciranikion LoelizmEion e Faeiar blood circulation (assessment of
deemias treatment dynamics)
Slight violation of
1 Mostly in the carotid pools Hypovolaemia No significant dynamics were found
venous blood flow Y P P &n i
A slight positive trend is observed
in terms of compensation of the left
9 Violation of blood From the right sides of the VBP and Increase in sections of the VBP and carotid basins
supply carotid basins vascular tone at the expense of the right sections. A
slight violation of blood supply on both
sides persists
Violation of blood . . . Increase in .. .
3 In carotid basins from 2 sides No significant dynamics were found
supply vascular tone
Increase in There remains a slight violation of
Violation of . ascular tone in enous outflow compared to previous
4 In VBP from 2 sides v . . v . W . .p p v
venous outflow the carotid basins | examinations, positive dynamics were
from 2 sides noted
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Table 1. Continued

Decreased blood Spasm of blood There is a slight improvement in the
5 In VBP and carotid basins from 2 sides P blood supply in the VBP and carotid
supply vessels . . .
basins on the right side
Hypovolaemia
Marked violation and increased Venous stasis remains. A positive trend
6 of venous outflow In VBP from 2 sides tone of blood is observed in the reduction of vascular
vessels in VBP tone on the left side of the left ventricle
from 2 sides
iolati f bl I i
7 Violation of blood In VBP and carotid basins from 2 sides nereasen No dynamics detected
supply vascular tone
X . Slight increase in . .. . .
1 f bl A sligh hi
3 Violation of blood In VBP from 2 sides blood vessel tone sligl Fposmve trend is obse.rved in the
supply . reduction of vascular spasm in the VBP
in VBP
. In the VBP from 2 sides (on the left side On the right side of the VBP, the blo!:)d
A slight decrease . . Spasm of blood supply has recovered, on the left - it
9 . of the pool, a decrease in blood supply is . -
in blood flow vessels remains at the same level, but positive
observed to a greater extent) .
dynamics are observed.
Violation of . . . . . . .
In carotid basins from 2 sides . There is a slight improvement in blood
venous outflow Increase in .. . .
10 filling in the VBP, venous stasis in the
P PR - vascular tone . . .
Violation of blood | In VBP, it is directly proportional from carotid basins remains at the same level
supply 2 sides
. . . There is normalization of vascular
s In VBP and carotid basins from 2 sides. . . . X
Violation of L . . tone in the carotid basins from 2 sides
11 Violation of venous outflow is greatest Hypovolaemia .
venous outflow . . and improvement of venous outflow,
in the carotid artery . . . R
especially in the carotid basins
12 Violation of blood In VBP and carotid basins from 2 sides Increase in Thereisa sl.lght 1mpr0\{emenjt in blood
supply vascular tone flow in the carotid basins
13 Violation of blood In VBP from 2 sides Increase in There is a sh.ght 1mp.roveme.r1t in bl.ood
supply vascular tone supply, but its deficiency still persists
Significant
violation of blood | In VBP and carotid basins from 2 sides . . . . .
14 supply Increase in There is a slight improvement in blood
T - - - vascular tone flow in the carotid basins
Violation of It is present in all pools, but is most
venous outflow pronounced in the carotid
Positive dynamics were noted due to
15 Violation of In the carotid basins on both sides Hypovolaemia partial compensation by the right carotid
venous outflow (mostly observed on the left side) P basin of the violation of venous outflow
in the left basin
Significant Increase in Sjight dynamics are observed, but the
16 violation of blood In carotid basins from 2 sides increased tone of blood vessels still
vascular tone .
supply remains
Indicators of blood filling are within
normal limits — the volume of blood in
Slight violation of Increase in the vessels of the brain has normalised;
17 g In VBP and carotid basins from 2 sides venous outflow has improved, but its
venous outflow vascular tone . . .
disturbances are still observed, which are
insignificant and can be considered as a
variant of the norm for a specific patient
Violati f blood . . . I i . .
18 folation ot bloo In VBP and carotid basins from 2 sides nerease in No significant dynamics were found
supply vascular tone
19 Slight violation of In carotid basins from 2 sides Hypovolaemia No significant dynamics were found
blood supply P gn yn
Violati f I i
20 lolation o In VBP from 2 sides nerease No significant dynamics were found
venous outflow vascular tone
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Table 1. Continued

iolati f bl I i
21 Violation of blood In VBP and carotid basins from 2 sides pereasein No significant dynamics were found
supply vascular tone
Slight violati f
22 'ght violation o In VBP from 2 sides Hypovolaemia No significant dynamics were found
venous outflow
Violati f blood . . . I i . .
23 tolation ot bloo In carotid basins from 2 sides nerease in No significant dynamics were found
supply vascular tone
Violati f bl I i
24 iolation of blood In VBP and carotid basins from 2 sides nereasein No significant dynamics were found
supply vascular tone

Notes: VBP - vertebrobasilar pool
Source: compiled by the authors

A significant number of patients (13 patients/54.17%)
who underwent rheoencephalographic examination, be-
fore the use of mouth guards (REHASPLINT orthodontic
constructions), had blood filling disorders, two of them
had minor disorders, one - significant; in one-third of the
study subjects (8 patients/33.33%) had venous outflow
disorders, two of which were mild and one severe; two pa-
tients (8.33%) had both disorders; one subject had a mild
venous blood flow disorder. The main factors influencing
these disorders were increased vascular tone and hypo-

3 (18.75%)

1 (6.25%)

Tangible positive
dynamics

O = N W b U1 O N

Slight positive dynamics

volaemia. The localization of the disorders was deter-
mined in the carotid basins and/or the VBP on one or both
sides. During the use of the mouthguard, the rheoenceph-
alogram recorded positive dynamics of various intensities
associated with improved cerebral circulation in 58.33%
of patients, while in 41.67% of subjects, no changes were
observed. In most cases, the positive dynamics were in-
significant or mild. The dynamics of cerebral circulation
improvement separately by different types of disorders
are shown in Figures 1 and 2.

7 (43.75%)

No dynamics detected

5 (31.25%)

Insignificant positive
dynamics

Figure 1. Dynamics of improvement of cerebral circulation in patients with blood filling disorders

Source: compiled by the authors

4.5
4
3.5
3
2.5
2
1.5
1
0.5
0

3 (30%)

2 (20%)

Tangible positive
dynamics

Slight positive dynamics

4 (40%)

1 (10%)

Insignificant positive
dynamics

No dynamics detected

Figure 2. Dynamics of improvement of cerebral circulation in patients with venous blood flow disorders

Source: compiled by the authors
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In 56.25% of patients with blood filling disorders, pos-
itive dynamics was observed due to the use of orthodontic
appliances, in most of them (55.56%) it was insignificant,
in one-third (33.33%) it was mild, and in 11.11% it was
noticeable. The positive dynamics of the use of aligners in
patients with venous outflow disorders was slightly better
compared to patients with blood filling disorders (60% vs.
56.25%). Half of them had a mild improvement in outflow,
one third had a significant improvement, and 16.67% had a
slight improvement.

In none of the cases did the use of mouthguards as a
treatment procedure lead to complete elimination of blood
filling or venous outflow disorders. The main mechanisms
of influence of orthodontic constructions on the positive
dynamics in the restoration of normal cerebral circulation
were a decrease in vascular tone, reduction of vascular
spasm, compensation of blood filling or venous outflow
disorders in one of the basins by another.

Analysing the results of rheoencephalographic exam-
ination, it is possible to assess the effectiveness and safety
of the use of mouth guards (REHASPLINT orthodontic ap-
pliances) to improve cerebral circulation. The low level of
dynamics of this treatment method indicates low efficien-
cy. Therefore, it is inappropriate to use it for severe cases
of cerebral circulation disorders. Instead, it can be effective
for minor disorders of blood filling or blood flow or used
as an adjunct to traditional treatments, provided that their
combination is safe, which should be determined by a doc-
tor. The use of mouth guards in combination with certain
physiotherapeutic procedures, such as neck and head mas-
sage, may have potential. Given that no negative dynamics
of treatment (deterioration of blood filling or blood flow
during the use of mouthguards) was recorded in any of the
cases, this method can be considered safe for use to im-
prove cerebral circulation.

The development of craniomandibular dysfunction
(CMD) involves biological processes associated with the
dysfunction of one or more components of the cranioman-
dibular system (CMS). Muscle dysfunction can occur under
the influence of bruxism, stress or other factors that can
lead to spasm and inflammation of the masticatory mus-
cles, restriction of jaw movement, pain and discomfort, and
changes in muscle tone or muscle structure. Joint dysfunc-
tions can be manifested by inflammation of the articular
disc, cartilage damage, and changes in the position of the
articular head. The consequences of such disorders are
pain, clicking, stiffness, restriction of movement, or dis-
location of the jaw [12]. Among the neurogenic factors of
CMD, the most common are trigeminal nerve dysfunction
and changes in the level of neurotransmitters, in particu-
lar serotonin and dopamine, effects on nerve endings, and
increased activity of the sympathetic nervous system [13].

CMD has several mechanisms of action on blood
vessels. Spasms of the masticatory muscles, a common
symptom of CMD, can negatively affect blood circulation.
Spasmodic masticatory muscles can mechanically com-
press blood vessels localised in the CMS area, leading to
a decrease in blood flow, and prevent venous outflow from
the head and neck, causing venous congestion. At the same
time, spasms of the masticatory muscles can mechanically
compress the nerves, damaging nerve fibres and disrupt-
ing the transmission of signals to the blood vessels, which

leads to vascular dysfunction and impairs their ability to
regulate blood flow. Prolonged pain, as a result of constant
spasm of the masticatory muscles, affects the sensitization
of nerve endings, developing hypersensitivity to stimuli,
which can lead to excessive vasoconstriction in response
to minor stimuli, thus exacerbating vasoconstriction [14].

Inflammation of the joints and muscles, which is also
common in CMD, can negatively affect blood vessels. It can
provoke endothelial damage and the release of chemicals
that constrict blood vessels, including endothelin-1 [15].
This process is accompanied by a change in vascular tone
and can lead to a violation of their ability to regulate blood
flow, increasing vasoconstriction. The inflammation-in-
duced release of vasoactive substances (prostaglandins and
leukotrienes), which have the ability to constrict or dilate
the vessel, can lead to blood flow instability and impaired
blood pressure regulation [16]. Using its own mechanisms
of influence on platelets, clotting factors, fibrinogen and
the fibrinological system, inflammation can lead to coagu-
lation disorders (increased risk of blood clots) and cause cir-
culatory disorders and damage to inflamed tissues [17, 18].

CMD can have a certain effect on blood vessels through
neurogenic factors. The mechanisms of such effects in-
clude changes in the activity of the sympathetic nervous
system, effects on nerve endings that regulate blood flow,
and effects on the central nervous system and the noocic-
eptive system, which is responsible for the perception and
processing of pain signals [19]. In most cases, the main fac-
tors of influence are spasms or inflammation of the masti-
catory muscles and joints caused by bruxism, joint deform-
ity or other CMD factors, but additional negative effects
are caused by psycho-emotional factors, including stress
and anxiety, and medication side effects of certain drugs,
such as antidepressants, non-steroidal anti-inflammatory
drugs, hormones, etc [20].

The masticatory muscles and jaw joint are supplied with
blood from different arteries. The masticatory artery is the
largest artery supplying the masticatory muscles, branches
from the carotid artery and divides into a deep branch sup-
plying the medial masseter, lateral masseter and tempora-
lis muscles, and a superficial branch supplying the masseter
and buccal muscles [21]. The temporalis and buccal muscles
are supplied by the parotid artery, and the bicuspid and hy-
oid muscles by the deep neck artery. The arteries supplying
the jaw joint include the superior maxillary artery, which
supplies the articular disc and capsule of the jaw joint;
the middle meningeal artery, which supplies the articu-
lar process of the temporal bone and the articular fossa of
the zygomatic bone; and the ascending pharyngeal artery,
which supplies the posterior capsule of the jaw joint [22,
23]. Depending on the individual anatomical features, the
blood supply to the masticatory muscles and jaw joint may
vary, but in most cases, the general blood supply to these
components of the CMS corresponds to the described one.

There are several small connections (anastomoses) be-
tween the arteries of the CMS and the arteries of the brain,
which allow blood to flow in small amounts from one sys-
tem to the other, but they do not have a significant effect
on the blood supply to the brain [24]. The arteries supply-
ing the jaw joint and masticatory muscles do not have a
direct connection to the cerebral vessels. They are part of
the external carotid artery, which is one of the two main
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branches of the carotid basin, a network of arteries that
supplies blood to the face, neck, and scalp, and the blood
supply to the brain is carried out through the internal ca-
rotid arteries, which are also part of the carotid basin, and
the arteries of the vertebrobasilar system [25].

The effect of decreased blood flow in the masticatory
muscles or jaw joint on cerebral circulation deterioration
may be exerted by indirect mechanisms. Reduced blood
flow in the masticatory artery can be a factor in increasing
blood pressure, which can lead to cerebral blood flow de-
terioration due to reduced perfusion pressure, narrowing
of the arteries and a decrease in the volume of blood cir-
culating in the body [26, 27]. Spasm-induced mechanical
compression of the vessels passing through the mastica-
tory muscles can lead to a decrease in blood flow to the
brain. Damage to nerve fibres caused by muscle spasm or
inflammation can lead to disruption of nerve signals and
become a factor in reducing the ability of blood vessels to
regulate blood flow in the masticatory muscles and jaw
joint, which can cause changes in blood pressure. When
analysing the mechanisms of the impact of CMD on cer-
ebral circulation, it should be noted that there is no direct
connection between the arteries of the CMS and the brain,
so impaired blood flow in the masticatory muscles and
jaw joint may have a minor impact on cerebral circulation
mainly through the impact on blood pressure.

Another reason for the deterioration of blood circula-
tion in CMD is impaired venous outflow. Its main factor is
mechanical compression of the veins in the jaw joint, which
occurs due to displacement or curvature of the articular
disc; spasm of the masticatory muscles; reduction of space
in the jaw joint due to changes in the position of the artic-
ular head; swelling as a result of inflammation of the jaw
joint; formation of cuspid growths caused by degenerative
changes associated with arthritis; anatomical features of
the structure of the venous canals that affect their width;
severe impact or dislocation of the jaw [28]. Impaired ve-
nous outflow in the jaw joint area has a direct impact on
the outflow of blood from the brain. The deep venous net-
work collects blood from the muscles, bones, and skin of
the face, including blood from the jaw joint, and flows into
the jugular vein, which draws blood from the head and
neck and then flows into the superior vena cava [29]. The
submandibular plexus, located under the lower jaw, con-
nects to the deep venous network and other plexuses that
drain blood from the brain. Impaired venous outflow in
the jaw joint can lead to blood stasis in these plexuses and
compression of the jugular vein, which will impede blood
flow from the brain and provoke an increase in intracra-
nial pressure, nerve damage, and cerebral circulation [30].

In addition to affecting the blood vessels localised in
the CMS, dental occlusion disorders lead to an imbalance
in the musculoskeletal system. This occurs due to a shift
in the centre of gravity of the skull and loss of support
from the dental arches due to changes in the position of
the temporomandibular joint. This imbalance leads to an
increased load on the neck muscles to hold the head in a
new position, which provokes spasms and changes in their
tone and causes vertebral displacement. Such a cascade of
mechanical processes triggered by a change in the position
of the temporomandibular joint causes a change in the bi-
ophysics of blood vessels and nerves that are surrounded

by the neck muscles. The mechanism of such changes is
that under the influence of increased muscle load, the
vessels located in the muscle bed of the cervical spine are
compressed, resulting in a decrease in their diameter, and,
accordingly, a decrease in blood flow and an increase in
blood pressure. This leads to a decrease in the volume of
blood filling and difficulty in the outflow of blood from the
head. The use of orthodontic appliances aimed at fixing the
correct position of the jaws allows balancing the centre of
gravity of the skull, reducing the load on the neck muscles
and eliminating vascular compression, and therefore nor-
malizing haemodynamics - restoring the tone and diam-
eter of blood vessels in accordance with the needs of the
body and return blood pressure to the physiological norm.

Thus, by affecting masticatory muscle dysfunction and
jaw joint position changes, CMD can be a factor in cerebral
circulation deterioration. The use of mouthguards allevi-
ates the symptoms of CMD by reducing muscle tension and
spasms, protecting the joints and altering sensory infor-
mation. Thanks to its shape, the REHASPLINT orthodontic
appliance is able to correct the correct position of the lower
jaw, thus reducing the load on the masticatory muscles and
temporomandibular joint and reducing occlusal pressure,
which helps to relax the muscles, reduce spasm and elim-
inate pain. As a joint protector, the mouthguard creates a
cushioning effect by absorbing part of the chewing pres-
sure, which helps protect the articular cartilage and other
structures of the jaw joint from damage. At the same time,
the smooth surface of the orthodontic appliance reduc-
es friction between the teeth, eliminating the source of
discomfort. An important function of the mouthguard is
neuroproprioceptive stimulation — it can provide sensory
information about the position of the lower jaw, helping
to restore the balance of the centre of gravity of the skull,
reprogramme muscle activity and reduce spasm and pain.
This function is further enhanced by the mouthguard’s abil-
ity to reduce nociceptive stimulation in the mouth. Hav-
ing an understanding of the mechanism of the impact of
aligners on cerebral circulation, it is possible to analyse the
results of a rheoencephalographic study in more detail —
to determine what the therapeutic effect of the orthodon-
tic appliance is and why it turned out to be insignificant.

The therapeutic effect of using orthodontic appliances
is torelax the masticatory muscles and protect the joints, re-
duce vascular spasm and tone, and reprogramme muscle ac-
tivity through sensory information about the position of the
lower jaw. These mechanisms have a direct effect on improv-
ing blood filling and venous outflow in the CMS area, and an
indirect effect on improving blood circulation in the brain.

To analyse the therapeutic effect, it is important to
separate cases of impaired blood filling and venous outflow,
as they have different mechanisms of influence on cerebral
circulation. A slight or mild therapeutic effect was found
in subjects who had blood-filling disorders on one or both
sides of the VBP and/or carotid basins before the procedure,
due to the fact that the arteries supplying the jaw joint and
masticatory muscles do not have a direct connection to
the cerebral vessels. Although the external carotid artery,
which includes the arteries supplying the jaw joint and
masticatory muscles, and the internal carotid artery, which
supplies the cerebral vessels, branch off from the common
carotid artery, they do not have a direct connection to each
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other. An indirect effect on the blood flow to the brain can
be caused by an increase in blood pressure as a result of
increased vascular tone in the masticatory muscles or jaw
joint. Blood pressure has a significant impact on the blood
supply to the entire body. By increasing the strength of
heart contractions, it can increase blood filling, and by in-
creasing blood flow resistance and capillary permeability,
it can temporarily reduce it [31]. Hypovolaemia can also
be a factor in lowering blood pressure, as fluid deficiency
leads to a decrease in the volume of blood circulating in the
body [32]. Impaired venous outflow in the CMS has a direct
impact on the outflow of blood from the brain, as it is car-
ried out through the only way — through the jugular vein.

Summing up the results of the rheoencephalographic
study and analysis of the biological mechanisms of the ef-
fect of orthodontic appliances on cerebral circulation, it can
be noted that the use of mouth guards is an appropriate and
effective way to improve cerebral blood flow in cases where
its disorders are caused by the effect of CMD symptoms
on the vessels of the masticatory muscles and jaw joint.

DISCUSSION

Analysing the results of the study, which revealed the low
effectiveness of the impact of mouthguards in improving
cerebral circulation, it is worth noting that their primary
task is to eliminate orthodontic pathology of moderate or
mild severity. The impact of such pathology causes signif-
icant local discomfort for the patient, but does not have a
significant immediate effect on the body as a whole. How-
ever, like any problem without proper attention and treat-
ment, orthodontic dysfunctions can worsen over time and
affect other body systems. In this case, by alleviating the
symptoms of CMD, aligners improve the blood filling of the
vessels of the masticatory muscles and jaw joint, and help
to establish venous blood flow in the CMD area. Therefore,
their insignificant effect, recorded at a certain moment, can
be beneficial in the future, inhibiting the development of
negative factors (impaired blood filling and/or venous con-
gestion), which, when aggravated, can cause greater harm
to cerebral circulation.

An observational study of the effect of the mandibular
resting position on cerebral circulation and physical bal-
ance was conducted by T. Heit et al. [33]. The researchers’
observational study involved 9 participants, seven of whom
were healthy male athletes and two were women with mul-
tiple sclerosis. Cerebral blood flow was measured while the
subjects clenched their teeth on both jaws using transcra-
nial Doppler. The results of the observation showed that
the physiological position of the lower jaw at rest can affect
the increase in blood flow to the brain. The conclusions of
scientists can be compared with the results of this study, as
the use of orthodontic appliances is aimed at eliminating
certain defects and bringing the jaws closer to their phys-
iological position. Therefore, it is worth agreeing with the
results of the authors and noting that for further research
on the effect of orthodontic appliances on improving cer-
ebral circulation, it would be advisable to partially use the
methodology proposed by Canadian scientists, namely the
use of transcranial Doppler to measure cerebral blood flow,
given the accuracy and informativeness of the procedure.

The search for a link between dental occlusion and
brain activity was conducted by S.S. Ulloa et al. [34] in their

work. Scientists have found that bite changes can affect
the sensorimotor cortex of the brain, so it would be fair to
assume that occlusion plays a pivotal role in the develop-
ment of anxiety and stress and even Alzheimer’s disease or
senile dementia. The authors emphasise the importance of
continuing research in this area to find out how much brain
functioning changes, which parts of the brain are affected
by malocclusion, and what biological mechanisms contrib-
ute to this. Despite the different objectives of the study
by S.S. Ulloa et al. [34]and the present study, both have a
common aspect — confirmation of the influence of jaw po-
sition on brain function. To a certain extent, the results
of the study confirm the authors’ theoretical assumptions,
noting that impaired venous outflow can lead to increased
intracranial pressure and nerve damage, which can cause
many neurological disorders, as well as anxiety and stress.

The impact of tooth loss on cognitive function was
studied by P. Galindo-Moreno et al. [35]. After analysing
data from two US national health surveys based on a total
sample of 102,291 people, the researchers found that the
number of teeth in the mouth directly affects the cognitive
status of a person. At first glance, the work may seem to
have little to do with the results of this study, but it also
develops the concept of the relationship between occlu-
sion and brain function. Given that the use of the REHA-
SPLINT mouthguard can help reduce the pressure on the
gums and jaw associated with tooth loss, thus reducing
the risk of further tooth loss, it can be assumed that or-
thodontic appliances have an indirect effect on improving
cognitive function.

When evaluating the effectiveness of using mouth
guards as a way to improve cerebral circulation, it is impor-
tant to pay attention to individual patient characteristics
such as age, gender, and health status. Children have more
pliable skull bones and more elastic blood vessels than
adults. Therefore, it is likely that orthodontic appliances
will have a greater impact on children’s cerebral blood flow.
It should be added that children, in most cases, do not have
concomitant diseases typical of middle-aged and elder-
ly people, which can be additional factors in orthodontic
pathologies and cerebral circulation deterioration.

The difference in the effect of orthodontic structures
on cerebral circulation in men and women may be ex-
plained by their anatomical differences between the mas-
ticatory muscles and the jaw joint. The temporalis muscle,
masseter muscle, and medial pterygoid muscle are typ-
ically larger in men than in women, which may result in
greater chewing force in men. The masticatory muscles in
men may have a more pronounced shape than in women.
The distribution of muscle fibres in the masticatory mus-
cles may differ between the sexes, thus affecting the nature
of their chewing movements. In men, the articular fossa of
the temporal bone and the condylar fossa of the mandible
are usually larger than in women. The articular fossa of the
temporal bone in men is more rounded and the condylar
fossa of the mandible is more conical, while in women the
articular fossa is more oval and the condylar fossa is more
rounded. These differences in the size and shape of the
parts of the articular structure may explain the greater mo-
bility of the male jaw. Also, the articular cartilage in men is
usually thicker, and the ligaments that hold the jaw joint in
place are stronger than in women, which affects the greater
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resistance of male joints to certain irritations. These ana-
tomical differences indicate that men’s jaws are subjected
to greater stress due to the force of chewing, which leads to
greater compression of blood vessels, but at the same time
they are also more resistant to technical stimuli, which re-
duces the risk of mechanical pressure on the arteries and
veins in the occlusion area. Thus, the anatomical differ-
ence between the masticatory muscles and the jaw joint in
women and men is not likely to have a significant impact
on the evaluation of the effectiveness of orthodontic ap-
pliances in improving cerebral circulation. Instead, it can
be affected by factors that lead to orthodontic pathologies.
These include contact sports, facial injuries of varying se-
verity, and other activities that can cause damage to the
jaw vessels, which are usually more common in men. The
study involved mainly young and middle-aged men, so it
was not possible to analyse the effect of orthodontic ap-
pliances on cerebral circulation separately between women
and men in this case. G. Kummer et al. [36] analysed the
impact of gender on the results of orthodontic treatment
based on an analysis of published studies. According to the
authors, only a small proportion of published clinical trials
included an assessment of the gender impact on treatment
outcomes. In a quarter of those that took into account
gender-specific effects, the impact of gender on the effec-
tiveness of orthodontic treatment was reported. It is worth
agreeing with the authors’ conclusions about the impor-
tance of analysing the study groups taking into account
not only age or physiological characteristics, but also the
gender of the participants.

The effectiveness of the use of caps to improve cerebral
circulation is also influenced by the health status of the sub-
jects. Diseases of the cardiovascular system (hypertension,
atherosclerosis, coronary heart disease, arrhythmias, heart
failure), diabetes mellitus, hypercholesterolaemia, obesity,
sleep apnoea, and inactive lifestyle, smoking and alcohol
abuse are independent factors of cerebral circulation de-
terioration, so without a systematic approach to treatment
or lifestyle changes, reducing pressure in the vessels of the
lower jaw and improving their blood filling and blood flow
will not significantly affect cerebral circulation.

In general, orthodontic problems have a significant
impact on other body systems. Depending on their com-
plexity, such an impact can manifest itself quickly or, on
the contrary, have a cumulative effect. It is worth noting
that dental occlusion disorders are often the result of a
congenital defect rather than external factors. This prob-
lem was analysed by S. Kahn et al. [37] in their study. The
main problem of the jaw epidemic, as the authors of the ar-
ticle called the problem of dental occlusion, they consider
not genetic factors, but, despite the too limited time period
for full evolutionary changes. Agreeing with the authors’
conclusions, it is important to emphasise that the study
of the impact of evolutionary changes on the anatomical
features of the jaws is an essential component for under-
standing the causes and mechanisms of dental occlusion
disorders and finding methods to eliminate them, in par-
ticular with the help of orthodontic appliances.

In addition to evaluating the effectiveness of mouth
guards in improving cerebral circulation, this study has re-
vealed biological mechanisms linking cerebral blood flow
and blood flow to the masticatory muscles and jaw joint.

Using the connection of such seemingly different struc-
tures made it possible to expand the number of methods
for influencing the blood filling and blood flow of the brain
vessels. Since the way to effective treatment is to take into
account and eliminate all possible causes that affect the
development of the pathological process, the use of mouth
guards in a systemic approach to improving cerebral circu-
lation is an effective and justified means that at the same
time meets the principles of personalised medicine.

CONCLUSIONS

Rheoencephalographic studies conducted to determine the
effectiveness of the use of mouth guards to improve cere-
bral circulation revealed a slight and mild positive trend
in 58.33% of patients, in 41.67% — no significant changes
were recorded, and no negative effects were recorded in
any of the 24 subjects. This effect and its intensity are ex-
plained by the therapeutic effect of orthodontic appliances,
which is to alleviate the symptoms of CMD. These symp-
toms include muscle dysfunction, which leads to spasms
and inflammation of the masticatory muscles, changes
in muscle tone, muscle structure, and restriction of jaw
movement; joint dysfunction, which causes inflammation
of the articular disc, cartilage damage, and changes in the
position of the articular head. Spasms and inflammation
of the masticatory muscles and jaw joint as factors of me-
chanical compression of blood vessels and nerves in the
CMS area lead to changes in vascular tone and impaired
blood flow regulation (decreased blood filling in this area
and impaired venous outflow). Reduced blood filling in the
vessels of the masticatory muscles and jaw joint does not
have a direct impact on changes in the cerebral circulation,
as these structures are supplied through various arteries
of the carotid basin, but it can affect the increase in blood
pressure, reducing the total volume of circulating blood
and thus worsening the blood filling in the brain vessels.
Disruption of venous outflow in the jaw joint has a direct
impact on the same process in the brain, as it is carried out
through the only way - through the jugular vein. The effect
of orthodontic appliances (aligners) on improving cerebral
circulation is achieved by restoring the balance of the cen-
tre of gravity of the skull, reducing muscle tension, spasms
and joint protection, which leads to a decrease in vascular
tone and improved blood circulation in the masticatory
muscles and jaw joint.

The effectiveness of orthodontic appliances in improv-
ing cerebral blood flow and blood flow makes it possible to
recommend their use in a systemic approach to the treat-
ment of patients with cerebral circulatory disorders requir-
ing orthodontic treatment. The limitation of the study was
the insufficient gender and age representativeness of the
sample. Therefore, to extend the results obtained, the main
direction of further research may be to analyse the effec-
tiveness of orthodontic appliances in improving cerebral
circulation, taking into account gender and age anatomical
differences in patients.
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BIUIMBAIOTh Ha 30a/IaHCYBaHHSI LIEHTPY Baru yepera, 3SMeHIIeHHS HalIPyTy Ta Clla3My B M'si3aX IINi, a TAKOX 3a0e31eYeHHsI
3aXJMCTy CYIIOOiB BiJy MeXaHIUHMX MOIpa3HeHb, IO CIIPUSIE 3HVDKEHHIO TOHYCY CY[IMH Ta ITOKpallye KPOBOHATIOBHEHHSI Ta
KPOBOBIZTIK B )KyBaJIbHMX M'sI3aX Ta IlleJIeITHOMY CyI106i. KpoBOHATIOBHEHHST 5KyBaJIbHUX M 'sI3iB Ta IIeJIeITHOTO CYTIo0a He
Mae MPSIMOTO 3B'sI3KY 3 KDOBOHATIOBHEHHSIM CYIMH FOJIOBHOTO MO3KY, TaK SIK JaHi CTPYKTYPY SKUBJISITHCS 3 Pi3HUX apTepilt,
MIPOTe 3HVKEHHS TOHYCY CYIMH B 06J1aCTi KpaHiOMaHIMOY/ISIPHOT CHMCTEMMY Ta B M'SI30BOMY JIOXKi IIMITHOTO BifIiTy XpeoTa
3IaTHe BIUIMBATY HA 3HVDKEHHS apTepiaibHOTO TUCKY Ta HAJIATOMKEHHS BEHO3HOTO BiTOKY B I[€JIEITHOMY CyI/06i, 10
OTIOCePeNKOBAHO BIUIMBATMME Ha TOKpaleHHs IepebpansbHOro KpoBoobiry. OTpuMaHi pe3ynbTaTy BKasylOTh Ha Te,
IO OPTOJOHTMYHI TTPOGIEMM MOXYTh OYTM UMHHMKAMM TOTipIIEHHS KPOBOHAIIOBHEHHSI Ta KPOBOBIATOKY B CyAMHAaxX
TOJIOBHOTO MO3KY, TOMY BUKOPUCTaHHS Karl € e(heKTUBHUM METOIOM, SIKMi TOI[ITbHO BUKOPUCTOBYBATH B KOMITJIEKCHOMY
JIiKyBaHHi MAIlieHTiB 3 MOPYIIEHHSIMU 11epe6paJbHOTO KPOBOOGIry

KniouoBi cnoBa: kpaHioMmaHAMOY/IsTpHA AMCHYHKITS ; SKYBaIbHI M'SI31; MEJIEITHNIA CyT/I06; apTepiaibHMii TUCK; BEHO3HMIA
BiTiK; KapOTUIHI 6aceitHu
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