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ABSTRACT

Background: The following study aimed to examine the connection between dental occlu-
sion and the ability to maintain balance and proper posture. Another aim is to stress the
need for prophylactic checkups for adolescents and athletes and to establish fruitful col-
laborations in multidisciplinary teams of specialists. The concomitant comorbidity should
be assessed, including problems with sleep and obstructive sleep apnea, was also assessed.

Methods: Various scientific sources were used for the literature overview on the thematic
of the following clinical study. The results of examined individuals—athletes (n =30, aged
up to 18, male)—in January 2023-May 2023 are presented. Part of the examinations were
performed with the Global Postural System (PLO800 Leonardo). Athletes were exam-
ined additionally with audiometry, tympanometry, Otoacoustic emissions (OAE), and
rhinomanometry. All had their dentition and occlusion checked by a physician in dental
medicine. All filled out sleep questionnaires and had their sleep tested with home sleep
apnea test.

Results: Seventeen athletes reported the presence of a temporomandibular disorder,
which was objectively confirmed by examination. Displacement (center of gravity, CoG)
values ranged from 11 to 52 mm. Thirteen athletes were found to have orthodontic dis-
orders, either in the individual dental arch or in the interjaw relationships. All examin-
ees who were found to have an orthodontic disorder and had not started orthodontic
treatment at the time of examination were recommended to start. Higher probability for
developing of obstructive sleep apnea was detected in patients with normal BMI and an
orthodontic disorder, which causes the mandible to move distally.

Conclusion: After analysis through the postural system platform, important diagnostic
information is obtained, according to which the examined can be referred for therapy with Miroslav Stoykov
a rehabilitator by a kinesiotherapist and other medical in the prophylactic evaluation of Mario Milkov

adolescent football players. o
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Human posture is defined as a specific position of the body in which a person stands or sits."? o ;
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Limbs and head are in a certain relationship to one another and to the environment. It is .
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It is a functional unit characterized by several structures: skeletal
components (upper and lower jaw), dental arches, soft tissues (sali-
vary glands, blood, and nerve vessels), temporomandibular joints
(TMJs), muscles of mastication, as well as flexor and extensor muscles
of the neck. These structures work in harmony to perform different
functional tasks.*3181

Postural disorders are often associated with a lost balance along
the axis of the support lines and displacement of the body’s cen-
ter of gravity (CoG). This leads to stress or an increase in its levels
as well as to musculoskeletal pathologies, especially in younger
individuals."*¢7# The Ear, Nose, Throat (ENT) status can play a vital
role in jaw interrelations and cause orthodontic deformations.®'"'3

Disorders in the correct bite, such as malocclusions, are considered a
major risk factor for the dysfunction of the stomatognathic system.
Improper teeth positions lead to improper closure of the jaws and
hence to a problem in the balance of the masticatory muscles and
TMJs. Pain in the distant muscle groups arises indirectly and is related
to the neck and head.?

Patients with temporomandibular disorders (TMDs) show evidence
of altered CoG. In such patients, the position of the head is strongly
shifted forward. This also affects the CoG, which confirms the rela-
tionship between posture, disorders of the mandibular joints, and
the audio-vestibular system.3910121516.17

In addition, obstructive sleep apnea has known implications on the
ability of individuals to keep balance.*

The objectives of the present study are several: to examine in depth
the connection between dental occlusion and the ability of adults
and adolescents to maintain balance and proper posture. Another
aim is to prove that when there are changes in the bite and/or
TMJs, there are changes in the Center of Gravity of the body as
well. Authors would like to stress the need for prophylactic check-
ups for adolescents and athletes, assessing the quality and quan-
tity of their sleep, in relation to the early symptoms of obstructive
sleep apnea and snoring syndrome (OSAS) and the comorbidity-
related. Fruitful collaborations and working in interdisciplinary and
multidisciplinary teams of specialists—otorhinolaryngologists,
orthopedists, physicians in dental medicine, pulmonologists, car-
diologists, physiotherapists, kinesiotherapists, and others—are to
be established.

Material and Methods

Various scientific databases such as Scopus, PubMed, and Medline, as
well as information from presented data from symposia, textbooks,

MAIN POINTS

« Medical professionals should work in multidisciplinary teams to
provide better diagnostics and treatment execution in the prophy-
lactic evaluation of adolescent football players.

« Dynamic posturography can aid the specialist when deciding the
specific type of problem with the balance.

« Dynamic posturography is additional method in oto-vestibular
diagnostics and treatment.

« More prophylactic campaigns should be organized to observe the
health of adolescent athletes.
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and monographs on the science of proper posture and balance, were
used for the literature overview on the thematic.

The following key words were used: stabilometry, posture, posturog-
raphy, dental medicine, orthodontics, vestibular disorders, vertigo,
tinnitus, obstructive sleep apnea, and snoring.

The results of the examined individuals—athletes (n =30) in January
2023-May 2023—are presented, all of them aged up to 18, male, and
professionally practicing a certain sport (football). All came for a pro-
phylactic checkup.

The study was approved by the Ethics Commission (Approval No.
99/14.01.2021) of Medical University “Prof. Dr. Paraskev Stoyanov”
(Varna authorities).

Participants’ parentsfilled in written informed consents for participation
in research on a PhD thesis and clinical examinations, as well as ques-
tionnaires for subjective assessment of their condition. Subsequently,
participants were examined by an otorhinolaryngologist (assessment
of otorhinolaryngological and vestibular status) and a physician in den-
tal medicine (assessment of dental and orthodontic status).

Part of the examinations were performed with the posturo-
graphic laboratory Global Postural System PLO800 Leonardo (GPS,
Chinesport'™) (Science Fund project Ne20011, Session 2020).

The laboratory consists of a central structure with a platform called a
postural analyzer and 3 video cameras for receiving high-resolution
images for static analysis of posture in the frontal and sagittal planes.
Dynamic and balance analysis of the participant is performed with a
part of the Global postural system PODATA platform, part of the GPS.

The team involved in the study has published a number of articles
discussing the variables from the PODATA platform in other groups
of individuals (Figure 1).

Athletes were examined additionally with audiometry, tympanom-
etry, and OAE tests, as well as with rhinomanometry for their nasal
patency and breathing.

All participants had their dentition and occlusion checked by a physi-
cian in dental medicine.

All athletes examined filled out questionnaires for assessing the qual-
ity and quantity of their sleep and the probability of falling asleep
when performing monotonous activities. All had their sleep tested
by home sleep apnea test (HSAT) and polygraphic testing (organized
with the help of project European Union-NextGenerationEU, through
the National Recovery and Resilience Plan of the Republic of Bulgaria,
project Ne BG-RRP-2.004-0009-C02.) (Figure 2).

In the first stage of the examination, the patient is positioned on the
postural imaging analyzer. The distance between the video cameras
and the patient is predetermined and must be kept the same.

The background for the photos is recommended to be neutral and
uniform, so that the photos are standardized. In this system, it is blue
and provides adequate contrast. Measurements can be done on the
photos, after performing a calibration procedure.

For fast and accurate positioning of the patient on the postural ana-
lyzer, the system is equipped with a sticky color sticker with an image
of the proper position of the feet.
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Figure 1. Global Postural System Leonardo PI0800.

All images taken are saved to the patient’s profile in the database.
Images from different examinations of the same patient can be com-
pared later in order to assess the effectiveness of the treatment pre-
scribed (Fig. 3 and Fig. 4).

In the second stage of the examination, the patient moves on to the
Dynamic Posture and Balance Analyzer, the PODATA platform, which
provides 2 levels of analysis (Figure 5).

The first level of analysis allows obtaining images in real size of the
patient’s feet. It can be determined whether the patient’s feet are flat,
normal, or are with high arches.

At the second level of analysis, stabilometric data are collected
through the 6 pressure sensors, the center of gravity of the examined
patient, and the position relative to the ideal distribution of body
weight between the 2 feet. 3 reference points are used for each step:
on the first metatarsal bone, on the fifth metatarsal bone, and on the
heel (according to Kapanji).'2'*16

During the stabilometric tests, information is collected about the
tendency of the patient to deviate along 1 of the axes: forward, back-
ward, left, or right. Stabilograms and graphs (variations of the CoG
in the set conditions for test and duration) are generated. The tests
can be performed in different modalities—with the patient’s eyes
open and closed, with teeth clenched or not, with the mouth open
or closed, with the head turned to the right or left, or with the head
tilted to the right or left.
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Figure 2. Global Postural System Leonardo PI0800: moments of
proper positioning of the patients and examining them.

The software allows the researcher to save and print a report with
the patient’s results, comparing various data obtained in tables,
graphs, and charts. According to the results, patients can be referred
for additional examinations or directly for rehabilitation procedures
(Figure 6).

All examined patients had their hearing and balance tested using
other devices. Sleep was tested with HSAT polygraphic test (Fig. 7
and Fig. 8).

Results

Of the 30 athletes examined, 17 (56.67%) reported the presence of a
TMD (joint noise, pain, swelling, and popping), which was objectively
confirmed by examination (Fig. 9).

Of the 17 athletes with a TMD, 11 (64.71%) had their right TMJ
affected, and 6 (35.29%) had their left TMJ affected. Athletes expe-
riencing a TMD on the right side had a significant change in CoG
(dynamic assessment)—it was moved to the right and, in most cases,
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Figure 4. Moments of static analysis of the posture (frontal view).

Figure 3. Moments of static analysis of the posture (lateral view).

Direction of Displacement of the Center of Gravity in the
Examined Athletes, Who Were Diagnosed with Orthodontic
Deformations

the left only, with no other changes. All examinees with aTMD stati-  fthe 30 athletes examined, 13 (43%) were found to have orthodon-
cally shifted their heads forward. tic disorders (in combination)—either in the individual dental arch
(malpositions of teeth) or in the interjaw relationships. All examin-
ees who were found to have an orthodontic disorder and had not
started orthodontic treatment at the time of examination, were rec-
ommended to start. They are planned to be tested on the platform
again after 1-2 years of treatment and at the end of the therapy.

backwards. Examinees with a TMD on the left side moved the CoG to

Thirteen athletes (43.33%) did not report the presence of any dis-
order with their TMJs. No disorder was objectively proven after the
examination. Those athletes had no significant changes in their CoG,
although 6 of them statically kept their heads forward.

The diagram describes the displacement of the CoG. What has been
established in the literature as changes in CoG has been reconfirmed.  Regarding the characteristics of the stabilograms in the studied indi-
Displacement values ranged from 11 to 52 mm (Figure 10). viduals, the shape of the stabilogram was normal (circle type) for the
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68.12Kg

Left Right
Total BIIK 50.0% 3414 K( 500%
15t metatarsus 887Kg 260% 429Kg 13.0%
5th metatarsus 582Kg 17.0% 120K 350%

Heel 1930Kc 57,0% 17,74Kc 52,0%

Drstance from real barycentre 23 mm

Distance from real barycentre (X) 2mm
23 mm
134 mm
692 mm2

testing period of 20 seconds in half of the tested' and oval-like (not
normal, changed) in the other half. The length of the stabilograms
was up to 150 mm, and the surface of greatest stability was up to
150 mm?>. Both stated values are normal according to the information
provided by the scientific team behind the development of the plat-
form and the literature overview done. Compared to the adolescents
tested, who are not training in any kind of sport, it was proven that
sport helps to better balance the body.

Figure 5. Foot and weight analysis.

According to the data obtained from the podoscopic examination,
based on the Chipaux-Smirak index (B/A x 100=Chipaux-Smirak
index (%) for the percentage of flat feet, a tendency to flat feet (pes
planus) was found in 6 of the 30 individuals examined (20%), and in 3
of the 30 persons examined (10%), a tendency to the presence of pes
cavus was proven. All other examinees were diagnosed with normal
feet (70%).

[
2644 K¢ 50.0%
535Kg 200% 4.
448Kg 17.0% 6,
16,61K 630%

Distance from real barycentre
Distance from real barycentre (X)
Distance from real barycentre (Y)

Figure 6. Report data analysis.
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Figure 7. Devices used in the examinations (from left to right, row 1 to row 3): SERA: infants and children hearing screening; Visualeyes
515/525 Videonystagmography; Laryngostroboscope; Rhinomanometer; Eyeseecam video head impulse test; subjective visual vertical; AD
629, Audiometer and Titan, tympanometer; Eclipse module (cVEMP, oVEMP, ASSR); Posturographic laboratory Global Postural System Leonardo

P10800.

Figure 8. Dental sleep medicine (polygraphic home sleep apnea
test).

No connection between orthodontic status and the type of feet was
proven (Figure 11). From the 13 athletes with a proven orthodontic
disorder, in 9 - cases of snoring only were diagnosed (AHI<5). In 4
athletes - mild forms of obstructive sleep apnea were diagnosed
(AHI=6-10). Those 4 athletes with a proven OSA all had distal bite
(Angle Class 2), which was combined with deep bite in 2 cases.

Discussion
No hearing disorders were detected in any of the examinees.

Impaired posture has an adverse effect on the overall health of the
human body.

Through the innovative platform PODATA for dynamic analysis,
important diagnostic information about the posture and balance of
the body can be received. Deviations from the norm are targeted,
and clinicians can focus on the correct treatment and rehabilitation
procedures in the specific clinical case.

When the body’s posture during static and dynamic activities is cor-
rect, pain, injuries, vestibular, and other health problems can be alle-
viated and prevented.
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Figure 10. Direction of displacement of the center of gravity in the tested athletes, who were diagnosed with orthodontic deformations.
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Figure 11. Feet analysis.

Once again, the strong connections between the audio-vestibular,
posture, and stomatognathic systems were proven in the present
study. After analysis through the PODATA platform, important diag-
nostic information is obtained, according to which the examined
can be referred for therapeutic procedures with a rehabilitator by
a kinesiotherapist. Scientific results from other studies have been
reconfirmed.?3>13.1516.17

The feedback received from the examined participants encompasses
complaints of pain during running and training, pain in the back
when staying on 2 feet, as well as deviations in body mass distribu-
tion. All disorders decreased after identifying the problematic struc-
tures and performing therapeutic exercises.®

According to some authors, an orthodontic disorder, which causes
the mandible to move distally, is a known predisposing factor for
obstructive sleep apnea developing.®*?' According to others, no
statistically significant correlation can be made.? Results from the
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examinations executed confirm that there is a relationship between
the orthodontic and the possibility to develop symptoms of the
obstructive sleep apnea and snoring syndrome.

In conclusion, the platform is a good diagnostic tool that helps the
diagnostic process in cases with postural, balance, and orthodon-
tic disorders and adds up to the diagnostics of OSAS syndrome—
to better and more profoundly assess the related comorbidity and
affected (or not) quality of life.
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