International Journal of Medicine and Medical Research

Journal homepage: https://ijmr.com.ua/
Volume 11, No. 1. 2025

UDC 616.314-089.23 Article’s History:
DOI: 10.63341/ijmmr/1.2025.66 Received: 29.01.2025; Revised: 22.03.2025; Accepted: 27.05.2025

Improving physical performance
when using REHASPLINT orthodontic appliances

Andriy Tymchenko

Postgraduate Student, Neurologist
Kyiv Regional Mental Health Centre
08296, 4 Parkova Str., Vorzel, Ukraine
https://orcid.org/0009-0004-9983-8571

Sofiia Tymchenko

Student

Kyiv Medical University

02099, 2 Boryspilska Str., Kyiv, Ukraine

University College of Osteopathy

SE1 1JE, 275 Borough High Str., London, Great Britain
https://orcid.org/0009-0003-2291-222X

Abstract. Bite correction with the use of orthodontic appliances helps to improve blood circulation by affecting
the position of the vertebral artery, normalising muscle tone, reducing pain, and restoring joint mobility. The present
study was devoted to the impact of REHASPLINT orthodontic appliances on the physical performance of patients with
traumatic brain injuries and traumatic cervical syndrome. The study involved a clinical experiment with 10 patients aged
25 to 38 years. The physical strength assessment included pull-ups, hanging on a crossbar, pushing a medical ball (9 kg),
and squeezing a wrist expander. The testing was conducted in two stages: without and with orthodontic mouthguards.
The results of the study confirm that the use of mouthguards helps to improve muscle function and overall physical
performance by optimising bite biomechanics. The study showed that the use of orthodontic mouthguards during exercise
contributes to a significant improvement in the physical performance of participants. When performing pull-ups, the
average result increased from 7.3 to 10.7 pull-ups, which indicates an increase in upper body strength by 46.58%. The time
spent holding the bar increased from 54.3 to 76.4 seconds, which demonstrates an improvement in endurance and muscle
control by 40.7%. When pushing a 9 kg medicine ball, the average distance increased from 4.63 to 5.45 metres, indicating
an increase in strength and coordination by 17.73%. Compression of the wrist expander showed an increase in the average
result from 128.9 to 152.1 compressions in 60 seconds, increasing arm strength and endurance by 18.04%. The impact of
orthodontic mouthguards is most noticeable in exercises requiring coordination and stability, such as holding on to the
bar and pushing a ball. The data obtained emphasise the effectiveness of orthodontic mouthguards in the rehabilitation of
patients with traumatic brain injury and traumatic cervical syndrome. The use of mouthguards can be recommended to
improve the physical capabilities of military personnel and patients during rehabilitation
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Introduction

Despite significant advances in weaponry, the develop- reduction in the number of wounded soldiers automat-
ment of innovative methods of warfare, and the growing ically leads to a reduction in the incidence of traumatic
role of unmanned aerial vehicles, it cannot be argued thata  brain injuries. In fact, these injuries remain one of the most
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common problems among soldiers in today’s military
conflicts. Modern protective equipment reduces the like-
lihood of penetrating wounds but increases the impact of
the shock wave, making it one of the leading causes of
traumatic brain injury. Blast injuries are divided into sev-
eral types: primary (shock wave), secondary (fragments
of debris), tertiary (body acceleration), and quaternary
(high temperatures and toxic gases). Tertiary trauma,
which results from the acceleration of the body after an
explosion, is one of the most common causes of traumat-
ic brain injury in combat. Due to the high force of the
explosions, many soldiers are either killed or seriously
injured, including those in a vegetative state. Scientists L.-
Z. Kong et al. [1] argue that the symptoms of mild trau-
matic brain injuries are often nonspecific and may not
be noticed by doctors. Thus, despite the improvement of
protective equipment and the development of technology,
traumatic brain injuries remain a significant problem that
requires a comprehensive approach to prevention, diag-
nosis, and treatment.

L. Sushchenko et al. [2] note that military personnel
suffering from traumatic brain injuries often face insufhi-
cient adaptation of rehabilitation programmes to their spe-
cific needs, which highlights the need for further research
and development of specialised therapeutic approaches.
The severity of the consequences of traumatic brain injury
directly depends on the type of injury and the timeliness
of medical care. These consequences can range from full
recovery to severe disabling disorders or death, depend-
ing on the mechanism of injury and the speed of response
to treatment. Among the most common complications of
traumatic brain injuries are motor disorders, spasticity, and
cognitive impairment, which seriously limit the patient’s
ability to learn, work, and adapt socially. The effectiveness
of rehabilitation largely depends on the complexity of ap-
proaches that include physical exercises, cognitive training,
vestibular rehabilitation, kinesitherapy, and aerobic exer-
cise. These methods stimulate neuroplasticity and help re-
store functional capabilities.

Mild forms of traumatic brain injury tend to remain
hidden, making it difficult to diagnose and treat effective-
ly. Methods of restoring intracranial injuries are still un-
der development, and in military settings, the treatment of
traumatic brain injuries is focused mainly on neuropsychi-
atric symptoms rather than full recovery. Primarily, phar-
macological and physical therapy, as well as rehabilitation,
including cognitive and behavioural therapy, are used to
restore cognitive and social functions. Despite advances
in neuroregeneration, serious neurological consequences,
such as long-term cognitive impairment and chronic pain,
require a long course of rehabilitation and social adaptation
to successfully reintegrate injured servicemen and women
into professional and social life. Researchers N.E. Carloz-
zi et al. [3] argue that recovery from traumatic brain injury
is often complicated by concomitant mental disorders, such
as post-traumatic stress disorder and depression, as well as
bodily injuries. In such cases, servicemen and women often

require long-term inpatient treatment, followed by special-
ised rehabilitation and support after discharge.

Cranial injuries resulting from traumatic brain inju-
ry can contribute to the development of various types of
malocclusions. According to C. Kariya et al. [4], cranial
injury is the main factor causing malocclusion and crani-
al compensation that develops after temporomandibular
joint disorder. Malocclusions can cause pathological oc-
clusal relationships, playing a vital role in the development
of temporomandibular joint dysfunction. These abnor-
malities cause proprioceptive changes that reflexively lead
to tension and spasm of the masticatory muscles, which
contribute to their dysfunction. Y. Rybert et al. [5] argue
that patients with temporomandibular joint disorders in
the setting of orthodontics require a thorough examination
and the use of modern methods of diagnosis and treatment
aimed at normalising the musculoarticular complex and
correcting the bite.

The relevance of studying the possibilities of improv-
ing the physical performance of servicemen with traumatic
brain injuries using REHASPLINT orthodontic appliances
is due to the high prevalence of malocclusion in servicemen
with traumatic brain injuries and their significant impact
on overall health, including the function of muscles, joints
and the nervous system. Despite the potential benefits of
using orthodontic mouth guards, there is a lack of research
directly examining their impact on physical performance
during physical activity in servicemen and women with
traumatic brain injury. Most of the available studies focus
on the general aspects of treatment of occlusal disorders,
without a specific focus on the military population and its
specific needs. In addition, insufficient attention has been
paid to the long-term effects of RehaSplint on the recovery
of physical performance, which is important for military
personnel who need rapid rehabilitation. There is also a
need for a more detailed study of the mechanisms of ac-
tion of these devices on muscles and joints, as well as their
impact on overall physical fitness. Addressing these gaps
can significantly improve approaches to the treatment and
rehabilitation of servicemen and women with traumatic
brain injuries, providing more effective methods of restor-
ing their physical capabilities. In this regard, the aim of this
study was to investigate the effect of orthodontic mouth-
guards on the physical performance of patients during
physical activity.

Literature Review

The traumatic cervical syndrome that occurs after a trau-
matic brain injury includes biological and neurological
consequences that manifest as neck pain, headaches, and
impaired nervous, mental, otological, and visual functions.
Scientists N. Tanaka et al. [6] state that in 20-40% of pa-
tients, pain can persist for years, and chronic forms can
cause arthritis, nerve root irritation, and vestibular disor-
ders. According to R. Sillevis & A. Hansen [7], cervicogenic
headache occurs due to biomechanical dysfunction of the
cervical spine, which causes nerve compression and muscle
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tension. This condition is accompanied by pain and limited
neck mobility. Treatment involves correcting the position
of the joints and restoring normal muscle tone. Cervico-
genic dizziness caused by functional problems of the neck
is manifested by pain, nausea, visual and hearing impair-
ments, as well as temporomandibular joint problems and
psychological disorders. In addition, problems with the
temporomandibular joint and psychological disorders may
occur. Impaired motor activity of the cervical muscles is
manifested in a decrease in strength, endurance and sta-
bility, as well as in changes in muscle behaviour, including
a decrease in the activity of deep postural muscles and a
delay in the onset of muscle reactions.

The study by E.A. Katz et al. [8], which involved 7 pa-
tients diagnosed with cervical lordosis, demonstrated that
the loss of cervical lordosis may play a role in the devel-
opment of changes associated with the hemodynamics of
the circle of Willis and cerebral arteries, as well as in re-
ducing blood flow in the brain. Loss of cervical lordosis
is a condition characterised by a decrease in the natural
curvature of the cervical spine. The main causes of this
condition are poor posture, trauma (e.g., whiplash), de-
generative disc disease, and spondylolisthesis. Symptoms
may include muscle tension, discomfort in the neck and
arms, and possible neurological disorders due to nerve
compression. Loss of lordosis disrupts the biomechanics
of the spine, increasing the load on muscles and joints,
which can lead to chronic pain and serious complica-
tions if left untreated. The results of the study showed
that the correction of cervical lordosis loss was associat-
ed with an increase in cerebral artery parameters, indi-
cating an immediate increase in blood flow in the brain.

Systematic reviews by N. Bowler et al. [9] confirm the
high effectiveness of cervical spine manipulations in reduc-
ing neck pain and headaches. However, these procedures
are associated with the risk of serious neurovascular com-
plications, such as transient ischaemic attack, stroke, or
even death, which is most often caused by dissection of the
vertebral artery and, less often, the internal carotid artery.
According to H. Kranenburg et al. [10], understanding the
mechanical factors, including the characteristics of blood
flow in the cervical arteries in different positions and move-
ments of the cervical spine, can help reduce the risk of is-
chaemic disorders, such as stroke, after mobilisation or ma-
nipulation procedures on the cervical spine. In conformity
with M. Waheed et al. [11], modern technologies facilitate
operations with minimal incisions, which reduces the risk
of complications and speeds up the recovery process. Spine
surgery includes methods of treating pathologies of the
cervical and lumbar spine aimed at improving the condi-
tion of patients. The main procedures include laminectomy
to normalise function and reduce pain, decompression to
relieve pressure on nerve roots, kyphoplasty and vertebro-
plasty to restore vertebral height in compression fractures,
spinal fusion to stabilise vertebrae with titanium screws
and plates, and endoscopic surgery to avoid tissue damage
and speed up recovery.

M. Renke et al. [12] argue that cerebral blood flow
is a key indicator of the functional state of the brain, as
it provides oxygen and nutrients to the brain tissue. Pro-
longed blood flow disorders caused by vascular occlusion
or stenosis can lead to irreversible damage to brain tissue,
such as the formation of an ischaemic core. The results of
studies by S. Hung et al. [13] showed that hypoperfused
tissue around the ischaemic core remains potentially vi-
able. The fate of this tissue depends on the level of perfu-
sion: if the blood supply improves, the tissue can recover;
if not, the ischaemic core can grow, but the degree of its
growth varies.

O. Maitas et al. [14] focus on the importance of the
vertebral artery in the blood supply to the brain. It passes
through the canals in the transverse processes of the cer-
vical vertebrae and, entering the skull through the large
occipital foramen, connects with the artery of the oppo-
site side, forming the basilar artery. The vertebral artery
is divided into four segments (V1-V4), each of which
has specific anatomy and treatment. Segment V1 (from
the subclavian artery to the transverse foramen of C5 or
C6) is easily treated percutaneously if it is straight. Seg-
ment V2 (from C2 to C6) passes through the bone ca-
nal, and its short distance to the subclavian artery makes
treatment more accessible. Segment V3 (from C2 to the
dura) is tortuous, which complicates intervention, requir-
ing the avoidance of balloon stents and the use of short
self-expanding stents. Segment V4, the intracranial seg-
ment, connects the vertebral arteries to the basilar artery
and supplies blood to the spinal cord. Thus, the vertebral
arteries ascend, passing through the transverse foramen
of the cervical vertebrae and merging to form a single
basilar artery that continues to the circle of Willis and the
cerebral arteries. Given the close anatomical connection
between the cervical spine, vertebral arteries and the cer-
ebral vasculature, E.A. Katz et al. [8] suggested that im-
provement of cervical hypolordosis contributes to an in-
crease in collateral hemodynamics of the cerebral arteries
and improved blood flow.

Therefore, traumatic cervical syndrome requires a com-
prehensive approach to diagnosis and treatment. As a result
of traumatic brain injuries, traumatic neck syndrome can
lead to serious biological and neurological consequences
that significantly affect the quality of life of patients. Scien-
tific studies emphasise the importance of timely diagnosis
and correction of traumatic cervical syndrome and related
conditions to prevent serious complications such as chron-
ic pain and neurological disorders. Manipulations on the
cervical spine can be effective, but they should be accom-
panied by careful medical monitoring to reduce the risk of
complications. In general, a comprehensive approach to
the treatment of traumatic cervical syndrome and related
conditions is necessary to improve treatment outcomes
and quality of life. Further research in this area is needed
to improve diagnostic and treatment methods, which will
reduce the risk of complications and improve the prognosis
for patients with traumatic cervical spine injuries.
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Materials and Methods

The study was based on the ideas of A.T. Still [15], who
viewed the body as a single, integrated system where struc-
ture and function are interconnected. Still viewed maloc-
clusion as not just a local problem but part of a complex
interaction between the body structure and its functions.
He emphasised that an imbalance in the bite can cause
tension in the jaws, neck, and even spine, affecting overall
health, including the function of internal organs. Steele be-
lieved that such disorders should be corrected not only by
mechanical means but also by activating the body’s natural
self-healing mechanisms. He emphasised the importance
of manual therapy in improving blood circulation, reliev-
ing muscle tension and restoring the harmonious function-
ing of the nervous system.

The clinical trial involved ten men aged 25 to 38 who
were treated at the Kyiv Regional Centre for Mental Health
with contusions between March 2024 and January 2025.
Patients were monitored during the rehabilitation period.
They sustained closed traumatic brain injuries, encompass-
ing cerebral contusions and diffuse axonal damage, pre-
dominantly due to blast trauma. The ICD diagnostic for in-
dividuals with traumatic cervical syndrome is S13.4 (sprain
and strain of the cervical spine) and G44.86 (cervicogenic
headache), indicating cervical spine trauma with accompa-
nying neurological symptoms. All patients had a diagnosis
on admission that included a range of disorders, such as
traumatic brain injury and traumatic cervical syndrome.

Participants with a complicated psychiatric or somatic
history were excluded from the study to ensure homogene-
ity of the sample and minimise the impact of external fac-
tors on the results. This approach allowed focusing on the
key objectives of the study and exclude the possible impact
of comorbidities that could distort the interpretation of
the data. A complicated psychiatric history was defined as
cases of severe mental disorders, such as schizophrenia, bi-
polar disorder, or severe depression, which required active
medication. The presence of such conditions could have
a significant impact on the perception of therapy, patient
compliance, and physiological parameters, which would
create methodological difficulties.

Somatic anamnesis was defined as diseases that could
significantly affect the general condition of the body and
the interpretation of the study results. Such conditions
included severe chronic diseases of the cardiovascular
system, respiratory system, kidneys, and liver, as well as
malignant tumours and autoimmune disorders. This se-
lection criterion was aimed at excluding the influence of
factors that could complicate the analysis of the effective-
ness of the therapy. This approach ensured more accurate
and reliable data, which is especially important for the
further development of recommendations for the use of
treatment methods.

The study used a comprehensive approach to assessing
the patients’ condition. The first stage involved collecting a
detailed medical history, which allowed getting a complete
picture of the participants’ health status, medical history,

past injuries, current complaints and individual character-
istics of the body. This stage was important for identifying
concomitant factors that could affect the results of therapy.
A physical examination was conducted, encompassing a
general assessment, evaluation of the musculoskeletal sys-
tem, neurological status, and function of the maxillofacial
area, during which post-traumatic malocclusion was iden-
tified in several patients, despite the absence of premorbid
bite abnormalities, indicating secondary functional lesions
resulting from the injury. This stage allowed assessing the
physical condition of the patients and determine the initial
indicators for further monitoring. Then, the patients were
trained in the use of orthodontic mouthguards. Patients
were provided with detailed instructions on how to wear
and care for the devices correctly to ensure their maximum
effectiveness. This approach not only increased the compli-
ance of the participants but also helped to eliminate possi-
ble errors in the application. The complexity of the activities
ensured a comprehensive approach to the study, which con-
tributed to obtaining reliable and clinically relevant data.

Orthodontic appliances provided by the German com-
pany Bausch GmbH in cooperation with its Ukrainian part-
ners Premier-Dental were used for orthodontic therapy. This
assistance was organised as part of a charity initiative aimed
at supporting medical institutions in Ukraine. In particular,
the devices were handed over to the Kyiv Regional Mental
Health Centre located in Vorzel. Physical strength testing
was carried out twice with an interval of one week, dur-
ing which individuals utilised orthodontic mouthguards
with daily therapeutic exercises. The exercises consisted
of neuromuscular training, including deep neck flexor
movements, scapular stabilisation drills, and grip-strength-
ening activities with hand grippers or putty. This regimen
enabled an assessment of the synergistic impact of various
therapies on physical performance. At the first stage of the
study, testing was carried out without the use of mouth-
guards, which made it possible to establish baseline phys-
ical strength indicators. The second stage included the use
of orthodontic mouthguards, which allowed comparing
the results and identify changes associated with their use.

The testing involved various techniques aimed at as-
sessing strength and endurance. These exercises provided a
comprehensive approach to assessing the participants’ phys-
ical strength. Comparison of the results of both stages of the
study allowed better understanding the impact of orthodon-
tic mouthguards on physical activity. The following methods
of physical strength assessment were used in the study are:

1. Pull-ups. The maximum number of pull-ups that
patients could perform in one approach was assessed. This
test allows assessing the strength of the upper body, espe-
cially the muscles of the back and arms, as well as overall
physical fitness.

2. Hanging on the bar. Patients were held on the bar
for as long as possible, which allowed for assessing the grip
strength and endurance of the upper body muscles. The re-
sults were recorded in seconds and served as an indicator of
overall physical endurance.
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3. Pushing a medicine ball (9 kg). In this test, patients
pushed a medical ball weighing 9 kg for a maximum dis-
tance. It helps to assess both upper body strength and pow-
er, as well as coordination of movements.

4. Compression of the wrist expander. Patients used a
wrist expander for 60 seconds to assess the endurance of
the arm muscles. This test is an effective way to measure
grip strength and overall functional ability in the upper ex-
tremities.

The testing was carried out under the careful clinical
supervision of a neurologist and two assistants, which en-
sured a high level of safety and professionalism in the study.
The neurologist monitored the participants’ condition, con-
trolling their physical response to the exercise and providing
the necessary medical care in case of any unforeseen situa-
tions. The assistants actively helped in organising the testing,
including preparing the equipment and instructing the par-
ticipants before the start of the exercises. They also record-
ed the results and ensured compliance with test standards.
This multidisciplinary interaction helped create a comfort-
able and safe environment for the participants, which was
particularly important for obtaining reliable study results.

The study was conducted in accordance with Com-
mission Directive No. 2005/28/EC [16] and the Helsinki
Declaration [17]. All clinical trial participants provided
written consent to participate in the study. They were fa-
miliarised with the objectives, methods, and procedures of
the study. Participants were informed about how the infor-
mation they provided would be used, that there were no
risks involved, and that their anonymity would be ensured.
Permission was obtained from the Ethics Committee of
the Kyiv Regional Centre for Mental Health that the study
complied with ethical standards and did not harm patients.

The results of each stage of testing were recorded in
spreadsheets for further analysis. After completion of all
tests, a comparative analysis of the data was carried out
to identify changes in physical strength indicators. The
study employed a paired t-test for matched samples and an
F-test to assess variation between conditions, to ascertain
the statistical significance of alterations in physical perfor-
mance. These methodologies were chosen because of the
within-subjects design, facilitating accurate assessment of
individual changes pre- and post-intervention. The data
were analysed and processed using statistical methods
and Microsoft Excel and Statistica 6.0 software with signif-
icance established at p <0.05. This method facilitated the
evaluation of both average performance disparities and the
consistency of repeated measures.

Results and Discussion

Traumatic brain injuries remain one of the most common
injuries sustained by military personnel during combat,
training, or accidents. These injuries can be closed (e.g.,
concussion, diffuse axonal injury) or open (gunshot and
perforation wounds). Blast injuries resulting from the blast
wave, as well as combined injuries involving multiple fac-
tors of injury, are also common outcomes. Traumatic brain

injuries can cause severe cognitive and motor disorders, as
well as complications such as infections and epilepsy, which
significantly impair the quality of life of victims.

Traumatic brain injury can cause many complications,
including malocclusion, temporomandibular joint disor-
ders, traumatic cervical syndrome, and cervicogenic head-
aches. These disorders can manifest themselves not only in
the form of neck pain and headaches but also in movement
disorders, psycho-emotional and nervous dysfunction, as
well as deterioration of the neck and jaw muscles. Compre-
hensive treatment of such consequences includes manual
therapy, physical exercises, use of orthodontic appliances,
and, in some cases, surgical interventions aimed at restor-
ing the structure of the cervical spine, normalising muscle
tone, and improving joint mobility. An important aspect
of rehabilitation is strengthening the neck muscles, which
helps to reduce pain, improve blood circulation, and accel-
erate recovery from injuries.

One of the most promising methods of rehabilitation
for servicemen and women who have suffered from inju-
ries and stress is the use of orthodontic and boxing mouth-
guards to improve cerebral circulation [18]. This method
affects the temporomandibular joint, chewing, and neck
muscles, which helps to improve blood flow by correct-
ing the position of the jaw, relaxing muscles and reducing
vascular compression. The mouthguards also help to nor-
malise posture by reducing pressure on the cervical arteries
and improving cerebral blood flow. The use of orthodontic
mouthguards helps to change the occlusion, which in turn
affects the position of the cervical vertebrae. This leads to a
decrease in muscle tension around the vessels of the neck
and a change in the angle of entry of the artery into the
vertebra. As a result, the trajectory of the cervical artery is
levelled, which significantly improves blood circulation in
the carotid basin, one of the main sources of blood supply
to the brain [19]. In addition, they stimulate nerve endings,
which has a positive effect on cognitive function and reduc-
es the frequency of headaches.

While working with patients suffering from maloc-
clusion, it was noticed that such patients often have oth-
er complaints associated with cervical spine dysfunction,
such as headaches, back pain, dizziness, visual impairment
and memory loss. Additional examinations have shown
that bite correction has a positive effect not only on the
condition of the dentition but also on the general condition
of the musculoskeletal system, in particular on the position
of the cervical vertebrae. Given the ideas of A.T. Still [15],
the founder of osteopathic treatment, as well as ortho-post-
hodontics and numerous cases of improved health in or-
thodontic patients, it was suggested that a change in bite
position could affect the position of the vertebral artery and
improve blood supply. This assumption became the ideo-
logical basis for improving blood supply to the brain with
the help of orthodontic and boxing mouthguards.

The vertebral artery is the main vessel that supplies
blood to the back of the brain, including the cerebellum,
brain stem and occipital lobe. The vertebral arteries rise
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upwards, passing through the transverse foramen of the
cervical vertebrae and merging to form a single basilar ar-
tery, which continues to the circle of Willis and the cerebral
arteries. Dysfunctions of the vertebral artery include vari-
ous pathological conditions, such as intracranial dissection,
in which damage to the artery wall leads to impaired blood
flow and the risk of stroke, stenosis caused by atherosclero-
sis, degenerative disc disease or congenital anomalies, and
vertebrobasilar insufficiency associated with insufficient
blood supply to the posterior regions of the brain. Extravas-
cular compression of the vessel by osteophytes or muscle
spasms, fibromuscular dysplasia — congenital narrowing of
the artery, and thrombosis that occurs in the setting of trau-
ma, dissection, or atherosclerotic changes are also common.
Doppler ultrasound, magnetic resonance imaging, comput-
ed tomography angiography, and classical angiography are
used for the diagnosis of vertebral artery pathologies, in-
cluding stenosis, dissection, thrombosis, and other vascular
complications associated with traumatic cervical injuries.

Thevertebral arteryis crucial for maintaining the normal
functioning of the brain, and any damage, such as narrowing
or compression, can lead to serious consequences, including
stroke. Correction of the position of the vertebral artery in-
cludes various techniques aimed at improving blood circu-
lation and relieving tension in the neck. The use of manual
techniques, such as mobilisation of the cervical spine, pos-
ture correction and work with muscle tone, helps to elimi-
nate vascular compression and restore normal blood flow.

Dysfunction of the vertebral artery caused by its ste-
nosis can significantly disrupt the blood supply to the
posterior parts of the brain, leading to the development of
neurological symptoms, including dizziness, coordination
disorders and transient ischaemic attacks. The progression
of stenosis increases the risk of ischaemic stroke, especially
if there is insufficient compensation for blood flow through
collateral pathways. Treatment includes drug therapy aimed
at improving blood flow and controlling risk factors, and
in more severe cases, endovascular or surgical correction
methods to restore the artery lumen and prevent ischaemic
complications. Vertebral artery stenosis and intracranial
dissection differ in nature, mechanism of development and
clinical manifestations. Stenosis is a chronic narrowing of
the artery caused by atherosclerosis, external compression,
congenital anomalies or inflammation, which leads to a
gradual decrease in blood flow. Vertebral artery dissection

is acute damage to the vessel wall accompanied by the for-
mation of an intramural haematoma or intimal flap, which
sharply disrupts blood flow. Stenosis develops as a result of
chronic processes, such as osteochondrosis, while vertebral
artery dissection occurs suddenly, often after trauma or due
to weakness of the vessel wall. Clinically, stenosis is man-
ifested by dizziness and ischaemic episodes, and vertebral
artery dissection is manifested by acute neurological symp-
toms or stroke. Treatment of stenosis is aimed at improving
blood flow and includes stenting in severe cases, while in
the case of vertebral artery dissection, anticoagulants and
thrombolytics are used to prevent complications. Given the
close anatomical relationship between the cervical spine,
vertebral arteries and the cerebral vasculature, it can be
assumed that improvement of cervical hypolordosis con-
tributes to an increase in collateral hemodynamics of the
cerebral arteries and improved blood flow.

Recent research has investigated the possible impact of
orthodontic devices, particularly mouthguards, on cerebral
circulation. Similarly, an observational study by D.P. Gar-
ner [20] examined the effect of the mandible’s physiological
rest position on cerebral blood flow and physical balance.
The study observed changes in cerebral blood flow during
activities such as clenching, tooth tapping, and mandibular
rest position. The results highlighted significant variations
in cerebral blood flow during clenching compared to other
tasks, suggesting a potential link between mandibular posi-
tioning and cerebral circulation.

The results of the study showed that the use of or-
thodontic mouthguards during exercise demonstrated an
increase in physical performance. Participants performed
pull-ups, deadlifts, wrist extensions, and throws of 9 kg
gymnastic balls. Table 1 shows the participants’ achieve-
ments in pull-ups with and without orthodontic mouth-
guards. In the first test, participants were able to perform
an average of 7.3 pull-ups, with maximum results ranging
from 5 to 12 pull-ups. This demonstrates the diversity of
fitness levels among the participants. In the second test,
where orthodontic mouthguards were used, the average
result was 10.7 pull-ups, with a maximum of 15 pull-ups,
confirming the high efficiency of the mouthguards in im-
proving performance. The average difference between the
two tests was +3.4 pull-ups (46.58%), which highlights the
positive impact of orthodontic mouthguards on the upper
part of the body strength development.

Table 1. Pull-up results of study participants without and with the use of orthodontic mouthguards

Testing method

Pull-ups (times)

Study participants

Average value Average growth/
(times) decrease, %

Without the use of orthodontic

mouthguards
Using orthodontic mouthguards 10 8 10 11 15 11 12 10 10 10 10.7 46.58
Difference +/- +5 42 +3 +3 +3 +1 46 +4 +3 +4 +3.4

Source: compiled by the authors
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Table 2 shows the participants’ achievements in hanging
from the bar without and with orthodontic mouthguards.
In the first test, participants averaged 54.3 seconds on the
bar, with maximum results ranging from 50 to 60 seconds.
In the second test, where the orthodontic mouthguards

were used, the average time increased to 76.4 seconds, with
maximum values reaching 85 seconds. This confirms the
effectiveness of using the mouthguards to improve perfor-
mance and increase the time spent on the bar. The average
difference between the two tests was +22.1 seconds (40.7%).

Table 2. The results of hanging on the bar without and with orthodontic mouthguards

Testing method

Hanging on the crossbar 1 ) 3 4 5

Study participants

Average value Average growth/
(seconds) decrease, %

6 7 8 9 10

(seconds)
Without the use of orthodontic 55 5 5 60 55 60 55 52 55 50 543
mouthguards 107
Using orthodontic mouthguards 62 70 80 75 82 8 70 8 8 75 76.4 ’
Difference +/- +10 +18 +28 +15 +27 +25 +15 +28 430 +25 +22.1

Source: compiled by the authors

Table 3 shows the results of the 9 kg medical ball push-
ing test obtained by the participants both without and with
orthodontic mouthguards. In the first test, the participants
were able to push the ball an average of 4.63 metres, with
maximum results ranging from 4 to 5.5 metres. In the sec-
ond test, where the orthodontic mouthguards were used,

the average increased to 5.45 metres, with maximum re-
sults reaching 6.2 metres. This shows a significant improve-
ment in the results due to the use of the mouthguards,
which confirms their effectiveness in improving strength
and coordination. The average difference between the two
tests was +0.82 metres (17.73%).

Table 3. Results of pushing a medical ball 9 kg/m without and with orthodontic mouthguards

Testing method Study participants Average value Average growth/
Medicine ball push 9 kg/m 1 2 3 4 5 6 7 8 9 10 EGGEED) decrease, %
Without the use of orthodontic —, , 49 4 55 5 45 45 42 5 45 463
mouthguards 1773
Using orthodontic mouthguards 4.8 55 4.5 6 5.5 6 5 6 6.2 5 5.45 ’
Difference +/- +0.6 +0.6 +0.5 +0.5 +0.5 +1.5 +0.5 +1.8 +1.2 +0.5 0.82

Source: compiled by the authors

Table 4 shows the participants’ wrist extensor grip per-
formance without and with orthodontic mouthguards. In
the first test, the participants were able to perform an av-
erage of 128.9 compressions in 60 seconds, with maximum
results ranging from 84 to 164 compressions. In the second
test, where the Orthodontic mouthguards were used, the
average increased to 152.1 compressions, with maximum

results reaching 197 compressions. This confirms the ef-
fectiveness of the mouthguards in improving performance,
which also reflects the positive impact on upper limb
strength and endurance. The average difference between
the two tests was +23.2 compressions (18.04%), which
highlights the significant improvement in performance
with orthodontic mouthguards.

Table 4. Results of wrist extensor compression without and with orthodontic mouthguards

Testing method

Wrist expander squeeze in 60

seconds (times) 1 2 3 4 >

Study participants

Average value Average growth/
10 (times) decrease, %

6 7 8 9

Without the use of orthodontic

84 148 150 150 131 164 90 150 132 90

128.9

mouthguards 18.04
Using orthodontic mouthguards 107 170 162 185 151 197 110 192 141 106 152.1 )
Difference +/- +23 422 +12 +35 +20 +33 420 +42 +9 +16 23.2

Source: compiled by the authors

The paired t-test results indicated statistically signifi-
cant enhancements in physical performance across all four
assessments, with pull-up performance rising by 46.58%
(t=7.52,p<0.001), bar hang improving by 40.7% (t=10.49,
p <0.001), medicine ball push exhibiting a 17.73% increase
(t=7.08, p<0.001), and a 23.2% increase in the average
number of compressions (t=6.99, p<0.001). Moreover, the

F-test for variance revealed no significant variations in per-
formance variability between circumstances for any of the
tasks. In the pull-up test, the F-ratio was 0.71 (p=0.31); in
the hanging on the bar test, the F-ratio was 0.87 (p=0.44); in
the medicine ball push, the F-ratio was 1.17 (p=0.66); and
the compressions F-test indicated no significant difference
in variability between the two conditions (F=1.40, p=0.31).
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The statistical analysis indicates that the use of ortho-
dontic mouthguards resulted in substantial enhancements
in physical performance across all evaluated activities. The
paired t-tests revealed statistically significant enhance-
ments in pull-up performance, bar hanging, medicine
ball push, and wrist expander compression, with improve-
ments between 17.73% and 46.58%. However, the F-tests
showed that these improvements did not cause more dif-
ferences in how consistent the performance was, as there
were no significant changes in performance consistency
between the groups before and after the intervention. This
indicates that the orthodontic mouthguards significantly
improved physical performance while ensuring uniform
outcomes across subjects.

Thus, the study used various methods to assess the
strength and endurance of the participants. These tests
provided a comprehensive approach to analysing physi-
cal fitness, allowing identifying the impact of orthodontic
mouthguards on performance. The results showed that the
use of orthotics during exercise led to an increase in phys-
ical performance by an average of 30%. In particular, the
pull-up test showed a significant improvement, with the av-
erage result increasing from 7.3 to 10.7 pull-ups. Similarly,
the time spent holding onto the bar increased from 54.3 to
76.4 seconds, confirming the effectiveness of the mouth-
guard in improving endurance. In addition, the results
of the medicine ball push showed an increase in distance
from 4.63 to 5.45 metres, indicating an increase in strength
and coordination. The wrist expander squeeze also showed
positive changes, with the average number of squeezes in-
creasing from 128.9 to 152.1 per 60 seconds. These data un-
derline the significant improvement in results when using
orthodontic mouthguards in all tests. Thus, the results of
the study confirm the effectiveness of orthodontic mouth-
guards as a means of increasing physical activity and over-
all functional capacity of participants.

The cervical spine is the most vulnerable to external
negative influences. Mechanical stress on the cervical spine
can cause biomechanical disorders that manifest as ver-
tebral artery syndrome, which includes cerebral, vascular
and autonomic symptoms. The results of a study by T. Sak-
aguchi et al. [21] showed that rehabilitation of the cervical
spine after injury plays a key role in restoring physical func-
tion, improving the ability to perform daily tasks and im-
proving quality of life. The multifaceted approach includes
restoring mobility, strengthening muscles and improving
spinal balance, which is often overlooked. Strengthening
the deep neck and trapezius muscles is particularly impor-
tant, as their weakness is associated with axial pain. Reha-
bilitation should begin with light exercises, gradually mov-
ing on to isometric and strength exercises, which promote
muscle hypertrophy, improve blood circulation, and reduce
swelling and pain sensitivity. The cervical muscles play a
key role in supporting and orientating the head, as well
as providing breathing, phonation and swallowing func-
tions, providing important physical support to the cervical
spine. Their dysfunction can occur as a result of injuries,

inflammation and nervous disorders, which negatively af-
fects muscle function and increases pain. For a successful
recovery, it is recommended to start rehabilitation exercises
as early as possible, avoiding increased pain, and gradually
restoring muscle function.

A study involving 24 students aged 18 to 23 years
showed that the use of physiotherapy in patients with func-
tional compression syndrome of the vertebral arteries helps
to reduce the clinical manifestations of the disease, restore
proper spinal biomechanics and improve blood flow in the
vertebral arteries [22]. This is in line with the results of the
study, which showed that the use of physiotherapy methods
in the treatment of functional compression syndrome of
the vertebral arteries is highly effective, contributing to the
restoration of spinal biomechanics and improving blood
supply to the brain. The study results also confirm the ad-
ditional benefits of using orthodontic mouthguards in the
rehabilitation of patients with traumatic brain injuries and
traumatic cervical syndrome.

The results of the study confirmed that the use of mouth
guards that change the position of the jaw has a positive
effect on physical performance due to biomechanical and
neuromuscular effects. REHASPLINT orthodontic mouth-
guards not only correct the bite but also improve physical
performance. It has been shown that jaw repositioning
through the use of mouthguards has a positive effect on
spinal alignment and muscle function. This was reflected
in an increase in strength (pull-ups increased by 46.58%),
endurance (holding on the bar increased by 40.7%), coor-
dination and power (ball pushing improved by 17.73%).
The results of the study are consistent with the findings of
D.L. Golem & S.M. Arent [23], who note the positive effect
of bite correction on posture and proprioception, which in
turn improves sports and physical performance. Thus, the
results of the study confirm the effectiveness of Orthodon-
tic mouthguards as a means of improving the biomechanics
of movement, strength and endurance, which is especially
important for the rehabilitation of patients with traumatic
brain injuries and traumatic cervical syndrome.

The results of the study confirmed that there is a link
between the masticatory and musculoskeletal systems,
where jaw closure has a positive effect on physical per-
formance through the potentiation of simultaneous acti-
vation. The amount of jaw compression is critical for the
formation of neuromuscular effects that provide a power-
ful occlusion. The use of bite alignment mouth guards im-
proves the symmetry of the masticatory muscles and the
even distribution of occlusal loads. The realignment of the
jaw position and the vertical size of the occlusion helps to
improve neuromuscular balance. Thus, the correct use of
orthodontic mouthguards can significantly enhance the
effect of potentiating simultaneous activation and improve
overall physical performance. While some studies have at-
tributed the ergogenic effects of simultaneous activation
potentiation solely to jaw clenching, others have demon-
strated an increase in these effects when using oral devic-
es such as custom mouthguards [24]. A study involving
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eight elite swimmers of the Spanish national team showed
that the use of custom mouth guards for bite alignment
has an ergogenic effect, improving jump and pull perfor-
mance [25]. Although there was no significant effect on the
starting reaction time and the 15-metre freestyle distance,
such mouthguards can be useful for increasing athletic
potential in powerful movements and the overall quality
of the training process. However, in a study involving 12
professional male handball players, there was no apparent
effect of improved motor performance or increased mus-
cle activity when wearing orthodontic mouthguards [26].
However, there was a more balanced activity of the cervical
and back muscles in dynamic conditions.

Theresultsofthe studyby A. Yasudaet al. [27], conducted
with the participation of thirteen athletes with cerebral pal-
sy (men, n=12; mean age 27.3 +8.96 years) and ten healthy
men from the control group (mean age 28.5 + 1.35 years),
showed that the use of mouth guards can change the nature
of masticatory muscle activity in athletes with cerebral palsy
and help improve balance during static exercises. Another
study involving 23 professional basketball players (mean age
25.8 £ 8.6 years) demonstrated that wearing individual or-
thodontic mouthguards for eight weeks affected balancing,
although no significant changes in body alignment were
found [28]. However, a more detailed univariate analysis
revealed improvements in pelvic torsion and kyphotic an-
gle after both acute and re-treatment. Pelvic torsion, which
characterises the anteroposterior displacement of the right
and left parts of the pelvis, is an important indicator, as its
deviation from the normal range (0°) may indicate poten-
tial abnormalities in the musculoskeletal system. The study
showed a significant reduction in the pelvic torsion angle of
the participants, indicating an improvement in pelvic bal-
ance. These results emphasise the potential role of mouth-
guards in correcting postural parameters and strength-
ening the biomechanical stability of athletes. The study’s
results indicate the need to determine further the effects of
mouthguards on functional muscle activity and balance in
different groups of athletes and under various conditions.

The results of the study confirm the effectiveness of
REHASPLINT orthodontic mouthguards in improving the
functional state of the jaw system and its interaction with
the musculoskeletal system. The use of occlusion-correct-
ing mouthguards can help improve blood circulation and
neuromuscular activity, which in general affects the overall
physical condition. The results of the study open up signit-
icant opportunities for rehabilitation after traumatic brain
injuries and strokes, as well as for the treatment of speech and
motor disorders resulting from contusions and accu baro-
trauma. The use of this method can significantly speed up
the recovery process, which helps reduce rehabilitation costs
and potentially reduces the costs of insurance companies.

Conclusions
The study confirmed that the use of REHASPLINT orthodon-
tic mouthguards contributes to a significant improvement

in the physical performance of the participants. As a result
of the use of the orthodontic mouthguards, an increase in
strength, endurance, and coordination of movements was
observed, which was manifested in the growth of such indi-
cators as pull-ups, holding on the crossbar, pushing a medi-
cine ball and squeezing a wrist expander.

It was found that the mouthguards have a positive
effect on neuromuscular balance, ensuring symmetry of
muscle function and optimising biomechanics. This is as-
sociated with improved jaw position and reduced load on
the temporomandibular joint, which has a positive effect
on the overall condition of the musculoskeletal system. The
results confirm that the correction of occlusion with mouth
guards improves physical performance and stabilises the
spine and activating the neck muscles.

The study found that the use of orthodontic mouth-
guards during exercise contributes to a significant im-
provement in physical performance. When performing
pull-ups, the average result increased by 46.58% (from
7.3 to 10.7 pull-ups), which indicates an increase in upper
body strength. The time spent holding the bar increased
by 40.7% (from 54.3 to 76.4 seconds), demonstrating im-
proved endurance and muscle control. When pushing
a 9 kg medicine ball, the average distance increased by
17.73% (from 4.63 to 5.45 metres), indicating an increase
in strength and coordination. The wrist expander compres-
sion showed an increase of 18.04% (from 128.9 to 152.1
compression in 60 seconds), reflecting an improvement
in upper limb strength and endurance. The greatest effect
of the use of mouthguards is observed in exercises that re-
quire coordination and stability, such as holding on to the
bar and pushing the ball.

The results confirm that REHASPLINT orthodontic
mouthguards improve muscle function and overall physi-
cal performance by optimising bite biomechanics. The ef-
fectiveness of the mouthguards in the rehabilitation of pa-
tients with traumatic brain injuries and traumatic cervical
syndrome has been confirmed, which allows recommend-
ing them to improve the physical capabilities of military
personnel and patients during rehabilitation. The effective-
ness of REHASPLINT mouthguards opens up prospects for
their implementation both in sports practice to improve
performance and in the rehabilitation of patients with trau-
matic brain injury and traumatic cervical syndrome. The
findings emphasise the need for further research to better
understand the mechanisms of action of the mouthguard
and its potential in clinical practice.
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AHoTaL,if. Kopekuis MpuKycy 3 BUKOPUCTaHHAM OPTOJOHTMYHMX alapariB COpUs€e MOKPALIeHHI0 KpoBOOOGiry 3a
PaxyHOK BIUIVBY Ha IIOJIO>KeHH:A XpeOeTHOI apTepii, HopMaianil M’ 130BOr0 TOHYCY, 3HIDKEHHIO 00/IbOBMX BifdyTTIB Ta
BiJIHOBJIEHHIO PYX/IMBOCTI Cyrno6iB. [laHe JOCTIIKeHHA 6Y/I0 IPUCBAYEHe BUBYCHHIO BIUIVBY OPTOLOHTUYHIX allapaTis
REHASPLINT na ¢isnyHi IIOKa3HMKM IAIi€HTIB i3 4YepermHO-MO3KOBUMM TpaBMaMM Ta TPaBMAaTUYHUM IIMITHUM
CMHZIpOMOM. B pamKax ociipkeHHA 0yI0 IpoBefeHo KIiHIYHMII eKCIIepyMeHT 3a y4acTio 10 manieHTiB BikoM Bif 25 o
38 pokiB. Oninka pi3nyHOi cyIV BKII0Yaa NiATATYBaHHA, BYUC Ha IepeKIa)Hi, IITOBXaHHA MeIMYHOro M A4a (9 Kr) Ta
CTUCHEHHA KUCTbOBOIO eclaHjepa. TecTyBaHHA IPOBOAWIOCA y 1Ba eTanu: 0e3 BUKOPUCTAHHA OPTOJOHTUYHUX Kall Ta
3 IX BUKOPUCTaHHAM. Pe3y/ibTaTyl JOCIPKeHHA A TBeP/KYIOTh, 110 BUKOPUCTAHHA Kall CIIPJsA€ IOKPALeHHIO M A30B01
¢yHKUil Ta 3aranbHUX Qi3NYHUX ITOKA3HMKIB 3a PaXyHOK onTuMisanii 6iomexaniky mpukycy. [TpoBeneHe foCimKeHHA
I10Ka3aJ10, 1110 BUKOPUCTAaHHA OPTOJOHTMYHYX Kall ITifl Yac Gi3MYHMX BIIPAB CIIPUsE 3HAYHOMY ITOKPAlleHHIO Qi3NIHmX
IIOKA3HUKIB y4acHUKiB. [1if] Yac BUKOHAHHA NiATATYBaHb CepefHiil pesynbrar 30imbpmmBceA 3 7,3 go 10,7 miATAryBaHb, M0
CBi[YUTH PO 3pOCTAHHA CU/IM BEPXHDbOI YaCTMHM Tila Ha 46,58 %. Yac yrpuMaHHA Ha NepeknanuHi spic 3 54,3 1o 76,4
CeKyHJI, [0 JIEeMOHCTPYE IOMIMIIeHHA BUTPUBAIOCT Ta M'A30BOro KOHTpomo Ha 40,7 %. I[Tpu mToBXaHHI MeIMYHOIO
M s14a Baromw 9 Kr cepefHA BiICTaHb 36inpmmace 3 4,63 1o 5,45 METpa, 110 BKAa3y€ Ha MiABUILIEHHSA CUIM Ta KOOPJMHALIL
pyxiB Ha 17,73 %. CTHCHEHHA KMCTbOBOTO €CIIaHfepa I0Ka3alo 3pOCTAaHHA CEPENHbOrO pesynbraTy 3i 128,9 mo 152,1
CTUCHEeHHA 3a 60 ceKyH[|, 30UIbIIMBIIY CUTy Ta BUTPUBAIICTD PyK Ha 18,04 %. BIuiuB OpTOJOHTUYHNUX Kall HaiOinbII
IIOMITHUII y BIIpaBax, 10 HOTPeOyI0Tb KOOPAUHALI Ta CTIIKOCTI, TAKUX AK YTPUMaHHA Ha IepeKIailHi Ta IITOBXaHHA
Maya. OrpuMaHi JaHi HMiEKpecmo0Tb eeKTUBHICTb OPTONOHTMYHVX Kall y peabimiranii nanieHtiB i3 depemHo-
MO3KOBVIMI TPaBMaMI Ta TPaBMAaTWYHUM IIUIHUM CMHAPOMOM. BUKOpYCTaHHA Kall MOXe 6yTI peKOMEHJOBaHO I
IOKpalleHHs (isMYHIX MOXKINBOCTEN BifiCbKOBOCIY>KOOBIB Ta MalieHTIB y nepioxn peabimitarii
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