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Abstract
Background
Posture of the human body aims to keep its balance when performing 
dynamic movements or in the static stance. Posturology is another 
term for the Global postural recalibration. It is the discipline which 
studies posture. Postural control is regulated by a complex system, 
known as the Tonic postural system. Stomatognathic system must not 
be excluded when discussing posture. Posturology enables clinicians 
to study the sensory information, entering the body and determine the 
sensor that work in a suboptimal manner.
Methods
A clinical case of a female patient, fully diagnosed, using the newly 
implemented system, is presented. Apart from it, we have analyzed 
another fourteen patients. All first filled out specifically designed 
questionnaires and signed written informed consent forms. Static and 
dynamic postural, audiological, vestibular, visual and HSAT assess-
ments were performed, along with a dental check-up. 
Results
Patient had normal occlusal characteristics – class 1 Angle, but prob-
lems with the temporomandibular joint and slight hearing were pres-
ent. No vestibular, posture (static or dynamic) or visual convergence 
abnormalities were detected. Refractive abnormalities were present. 
Apart from that, a group of patients with obstructive sleep apnea is 
presented. Changes of their posture and balance were studied.
Conclusions
All information gathered by the two integrated static and dynamic 
analysis systems, along with the postural analyzer, HSAT and dental 
analysis can be used to define therapeutic interventions and exercise 
programmes needed. 
Key words: static and dynamic posture analysis, SVV, vHIT, VNG, 
HSAT, dental occlusion

Background
Posture of the human body aims to keep its balance 
when performing dynamic movements or in the 
static stance. [1] Posture, which is automatic and 
unconscious, is stated as the position of the body in 
space. [2], [3], [11] It develops fully at the age of 
11 and is stable up to the age of 65. [4], [13], [14]
Posturology is another term for the Global postur-
al recalibration. It is the discipline which studies 
posture. [5] Clinicians define it as a holistic ther-
apy connected with the study of the tonic postural 
system. [6] It is already known that in order for the 
body to move, information from different sensors 
must be gathered. Those sensors are situated in the 
feet, eyes, jaw, inner ear. Information taken is sent 
to the brain for processing. The brain returns sig-
nals to the muscles for execution, so as minimal 
energy is used. 
Postural control is regulated by a complex system, 
known as the Tonic postural system. Although 
complex it its nature, it is a simple reflex arc, where 
signals from visual system (retina), skin system 
(receptors in the feet), vestibular system (otoliths, 
transmitting information for acceleration and devi-
ation of the head), and muscular system enter. [2] 
Stomatognathic system must not be excluded when 
discussing posture. Maxilla and mandibula, along 
with the masticatory muscles, extensor muscles of 
the neck, supra- and infrahyoid muscles and shoul-
der girdle, actively support the correct position of 
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the skull. [5] It is proven that orthodontic changes 
of teeth are connected with changes in the normal 
posture of the skull and consequently – of the body. 
When all the specified sensors work properly and 
the head, shoulders, hips, feet are correctly posi-
tioned, authors speak of good posture (functional). 
When there are problems with those sensors, pa-
tients experience pain due to postural imbalance. 
In these cases, clinicians speak of bad posture 
(non-functional). [5], [6], [11], [15]
Posturology enables clinicians to study the sensory 
information, entering the body and determine the 
sensor that work in a suboptimal manner. Measures 
can be undertaken to address the imbalances. [7] 
Balance is static and dynamic. In static situations, 
the body maintains static position. Spinal column 
forms the three physiological curvatures (cervical 
and lumbar lordosis, which convex forward, and 
dorsal kyphosis, which concaves forward), along 
the line of the center of gravity, aiding balance con-
trol. These curves form and stabilize at the age of 
5 to 6. The most important is the lumbar lordosis. 
[8], [9], [18]
In dynamic situations, the body maintains stability 
during daily activities. [5], [19], [20]
Main diagnostic technique, used to determine 
whether or not there is a postural pathology, is the 
method of stabilometry, referred sometimes as pos-
turography. The patient stands on a platform – pic-
tures of the posture of the body and the feet are tak-
en, which are afterwards assessed. [10], [16], [17]
Interdisciplinary teams of specialists, including 
otorhinolaryngologists, ophthalmologists, orthope-
dists, dentists, physiotherapists and chiropractors, 
podiatrists and others, can be formed to examine 
patients and provide care. Posture reeducation ther-
apies rapidly gain popularity and recognition among 
experts. Many years of research now help clinicians 
to treat and prevent dysfunctions and injuries more 
effectively. Quality of life can be greatly improved.  
In November 2021, thanks to a project funded from 
the Bulgarian National Science Fund, won by a 
team of specialists at Medical University – Varna, 
a posturographic platform Global postural system 
PL0800 Leonardo (GPS, Chinesport) was delivered 
and installed. It consists of a central structure with 
a platform, a postural analyzer and three high-reso-
lution pictures acquisition devices for static posture 
analysis on the frontal and sagittal plane. Dynamic 
and balance analysis is done with a bi-podalic sup-
port platform. This system allows non-invasive and 

painless examination of the patient’s posture when-
ever it is deemed necessary. [12]
At the first stage of examination, the patient is invit-
ed to position on the postural analyzer for pictures 
acquisition. It is composed of two lateral aluminum 
rods, equipped with a measurement scale, an up-
per mirror with a midline, a plumb line (should be 
aligned with the patient malleolus), three horizon-
tal and three vertical elastic stripes, which can be 
adjusted freely in order to determine asymmetries. 
The distance between the acquisition device and 
the person is predetermined and must be followed. 
Background for the pictures is recommended to be 
neutral and the same, so as the pictures to be stan-
dardized. In GPS Leonardo it is in the blue colour 
and provides adequate contrast. The upper mirror 
allows to diagnose possible shoulder rotations. Ac-
quired four main images – front, rear, right, left, can 
be enlarged and allow the examiner to perform di-
rect measurements on them, after calibration. For 
the exact patient position, the system is equipped 
with an adhesive coloured sticker with feet repre-
sentation, allowing the patient to easily position. 
All taken images are saved in the patients’ exam-
ination database profile. Images before and after 
treatment can be compared. 
At the second stage of examination, going through 
the blue pathway, the patient goes to the dynam-
ic posture and balance analyzer – the Podata plat-
form. It is unique and original, allowing two lev-
els of analysis. The first level of analysis allows 
acquiring real-size mono- or bi-podalic pictures of 
the patient’s feet. The type of feet – normal, hol-
low or flat can be determined. At the second level 
of analysis, stabilometric data, through the six load 
cells, is gathered – gravity center of the examined 
patient and its position, compared to the ideal one, 
body weight distribution on the two feet. For each 
foot there are 3 reference points marked – on the 
first metatarsal, on the fifth metatarsal and on the 
heel (Kapandji reference). During the stabilometric 
tests, information about the front/rare/lateral axes 
fluctuation is collected – stabilogram, sway graphs 
(variations of the center of gravity in the set test 
and duration conditions), distribution of oscillation 
frequencies are then generated. Tests can be done 
in different stances – with open and closed eyes of 
the patient, with teeth clenched or not, with mouth 
open or not, with head rotated to the right or to the 
left, with the head inclined to the right or to the left. 
[12]
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The software allows the examiner to save and print 
a report with the patient’s results, comparing differ-
ent data acquired, in tables, graphs, diagrams. 
Obstructive sleep apnea (OSA) is defined by the 
appearance of recurrent episodes of respiratory 
pauses (apneas) during sleep as a result of ana-
tomical or functional obstacles in the upper respi-
ratory tract. The possibility of airways to collapse 
and the expression of difficulties when breathing 
are increased. Secondary to the main disease, cog-
nitive-behavioral, respiratory, cardiac, metabolic, 
and inflammatory disorders follow. [21] Hypoxia 
caused by OSA can alter and worsen balance con-
trol of the body. [22], [23], [24]
The visual system is one of the most involved sys-
tem of the human organism when discussing the 
spatial orientation in the surroundings. It is known 
that proper binocular control can correct some of 
the mild dysfunctions in afferent systems. Stability 
during static standing involves maintaining the cen-
ter of mass within the field of support. [28] 
Changes in body posture are related to changes in 
head posture (including the lower jaw) and the cer-
vical segment of the neck. The displacement of the 
head affects the visual field, the lordosis of the neck 
increases even more. [29], [30] Proper eye conver-
gence and vestibular function, including balance 
and postural control, are two-way related– both 
convergence disorders affect balance and vestibular 
diseases affect vergence. [31], [32]

Methods
We present the first clinical case of a patient (fe-
male, aged 26), fully diagnosed, using the newly 
implemented system. She was first asked to fill out 
specifically designed questionnaires (dental and 
vestibular questions included) and to sign written 
informed consent. Then, static and dynamic postur-
al, vestibular, audiological and visual assessments 
were done, along with a dental check-up (to deter-
mine aspects of occlusion) and Home Sleep apnea 
test (HSAT). We analyzed the posture and balance 
of fourteen patients with obstructive sleep apnea 
(OSA). The aim was to reach the connection be-
tween the posture and possible changes in it, the 
stomatognathic system (orthodontics) and the visu-
al system, along with the implications on the ves-
tibular system (balance control). Our target was as 
well to study in depth the aspects of the worsened 
balance control in patients with hearing problems 

and obstructive sleep apnea (OSA).

Results
In the first examined patient, we found:
From the orthodontic clinical examination:
- Sagittal relationship – Angle Class I Occlusion 

(frontal and distal regions, canines and molars, 
on the left and the right side), normal overjet

- Vertical relationship – normal overbite
- Transverse relationship – no changes in the mid-

dle line or the orthognathic relationships in the 
distal regions.

- No traumatic injuries as a child, except for a ten-
don sprain of the right thigh at the age of 13.

- No other bad habits, except for chewing nails at 
the age period 4-7. 

- Experiences pain in the left TMJ when fully 
opening the mouth and chewing nuts or other 
hard food, the joint luxates habitually.

- Upon closing the mandible after maximal open-
ing, it closes with a S-movement to the right.

- No frequent headaches or muscle pain.
- Has undergone orthodontic treatment at the age 

of 14, for a duration of 1.5 years.

From the posturographic examinations:

Fig. 1a, b. Stabilometric examination and weight 
distribution analysis, Eyes opened modality
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Fig. 2a, b. Stabilometric examination and weight 
distribution analysis, Eyes closed modality

Fig. 3a, b. Stabilometric examination and weight 
distribution analysis, Teeth clenched modality

From the vestibular examinations
Patient underwent VNG (videonystagmography), 
vHIT (video Head impulse test), SVV (subjective 
visual vertical), Romberg, Fukuda examinations. 
No spontaneous nystagmus, nor pathological ves-
tibulo-ocular reflexes from the vHIT-tests were 
detected. Romberg and Fukuda examinations were 
negative. Patient aligned correctly and without sig-
nificant deviations the vertical line in the SVV-test.

From the audiological examinations
Slight diminishing in the hearing capability of the 
left ear was diagnosed. 

From the visual examinations
Patient was diagnosed with hypermetropy and 
astigmatism: VOD: +0.75dsph./-2.50dcyl ax 4; 
VOS: +1.25dsph/-2.50dcyl ax 171. No abnormali-
ties in convergence capabilities were found. 

From the HSAT
AHI was determined 6, which is the border between 
no sleep apnea and a mild case of it.
Patients with symptoms of OSA analyzed
Fourteen patients (10 male and 4 female) with 
symptoms of OSA were analyzed. It was proven in 
all of them, more frequent in male individuals, con-
sistent with another studies. [26], [27] Severe cas-
es of obstructive sleep apnea were more frequent 
among male patients, consistent with the results 
from another studies on the topic. [25] Female pa-
tients tend to be left often underdiagnosed, because 
of not complaining of the symptoms of the disease 
and due to symptoms of other disorders. Problems 
with balance were more frequent in the female 
patients, which was proven by measuring the dis-
tance from the real barycenter of the body – all four 
(100%) female patients with OSA had distances 
from the ideal barycenter of the body of 10 or more 
millimeters, compared to only five (50%) of the ten 
male patients with OSA. Distribution of the severi-
ty of OSA cases and the connection with real bary-
center distribution is shown in table 1. (Table 1)
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Conclusions
All information gathered by the two integrated stat-
ic and dynamic analysis systems, along with the 
postural analyzer, HSAT and dental analysis can be 
used to define therapeutic interventions needed, as 
well as to generate exercise programmes and other 
corrective measures, in an interdisciplinary collab-
oration between specialists. More examination mo-
dalities are planned to be included in future scien-
tific publications, defining better study groups with 
different types of occlusion.  
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Table 1. Distribution of obstructive sleep apnea cases among the analyzed patients

OSA severity Male (n1)
Distance from real 

barycenter more than 
10 mm

Female (n2)
Distance from real 

barycenter more than 
10 mm

Mild (AHI=5-15) 2 (20%) 0 (0%) 2 (50%) 2 (100%)

Moderate (AHI=15-30) 5 (50%) 2 (40%) 1 (25%) 1 (100%)

Severe (AHI>30) 3 (30%) 3 (100%) 1 (25%) 1 (100%)

Total cases (N) 10 (71,43%) 5 (50%) 4 (28,57%) 4 (100%)
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