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STUDY OF ELASTIC ELEMENTS 
OF LOWER JAW EXOSKELETON

A bstract        — The aim of this study is to prove 
compensatory abilities of anti-gravity elastic traction of 
lower jaw exoskeleton. Materials and methods. The test 
involved 97 volunteers who were divided into 3 groups 
depending on their level of physical activity. In each group, 
all participants were randomly divided into 2 subgroups: 
without load compensation and with load compensation 
on the lower jaw. The load test was carried out for each 
participant using a special device simulating a one-way load 
on the lower jaw. Load compensation was made by elastic 
elements. Registration of subjects 'postures was carried 
out by the method of photometry of subjects' spines with 
pre-marked markers of Th-1 and L-1 vertebrae. Photos 
were analyzed in Photoshop CS. For this purpose, the line 
between the markers Th-1 and L-1 has been drawn. Analysis 
of the results was carried out on the angle of deviation of 
the vertebral column before and after the study. Results. 
In the course of the study on volunteers it was found that 
the one-sided load on the lower jaw is reflected on the 
posture of the tested person, but elastic elements are able to 
compensate for the one-sided load and minimize the angle 
of inclination of the vertebral column. It has also been found 
that the angle of inclination is affected by the initial physical 
preparation to the test. Conclusion. During the study, the 
compensatory abilities of the anti-gravity elastic pull of the 
lower jaw exoskeleton have been proved.

K ey  w ords     — posture, exoskeleton, photometry, load, 
lower jaw.
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I n t r o d uc  t i o n
Diagnostics in dentistry, on the one hand, has its 

own specifics; on the other hand, it is based on general 
medical research methods. All diagnostic methods 
and tests to varying degrees are objective and informa-
tive, have their sensitivity, specificity and reproduc-
ibility. [1–12]. One of the most common injuries to 
the bones of the facial part of the head is fractures of 
the lower jaw [13, 14]. In view of surgical and cosmetic 
features of carrying out operations in maxillofacial 

area [15], for restoration of functional activity at a 
fracture of the lower jaw we developed the device an 
exoskeleton of the lower jaw (patent No. 2655086 of 
17.07.2017) — the device consisting of the device of 
external fixing of otlomk of bones, which is fixed on 
them by means of osteoclamps, a submandibular arch 
and a head-mounted hat connected by anti-gravita-
tional elastic elements (Fig. 1).

Fig. 1. �Exoskeleton of the lower jaw. 1 — external fixation device, 2 — 
elastic elements, 3 — head cap

M a t e r i a l s  a n d  m e t h o d s
In order to model the one-way load and analyze 

the possibility of its compensation, a special device 
was used consisting of parallel plates: 1 — a plastic 
individual impression spoon obtained by printing on 
a 3D printer (Fig. 2.1), placed in the oral cavity and 
2 — an arc with slots for the attachment of a weight 
of 0.3 kg, located on the lower edge of the lower jaw 
(Fig. 2.2). Parts of the device are interconnected by 
rods (Fig. 2.3) [15].

The study was conducted with the participation 
of 97 volunteers of both sexes (54 female and 43 male) 
between the ages of 18 and 34 who had previously 
been acquainted with the trial, and the voluntary 
informed consent of the patient to participate in the 
study was obtained. The main criteria of exclusion 
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were: refusal to undergo the whole scope of research 
provided for in the protocol, presence of inflammatory 
processes in the maxillofacial region, disabled persons 
of 1–3 groups, and other socially vulnerable groups of 
the population. Before the trial, all participants under-
went an anonymous questionnaire, the results of which 
were divided into 3 groups depending on the level of 
their physical activity.

In each of the groups, all subjects were divided 
into 2 subgroups randomly. Each participant was 
modeled a one-way load on the lower jaw (300 g) for 
30 minutes. Participants of the first subgroups did 
not have load compensation devices, and participants 
of the second subgroups wore a special head cap, to 
which elastic elements compensating for one-way load 
were attached (Fig. 3).

The effectiveness of the pathological load com-
pensation was evaluated by anthropometry. For this 
purpose, markers were applied to the skin of the partic-
ipants 'back in the area of acute processes of vertebrae 
Th-1 and L-1. With the help of a stationary camera 
and accurate positioning of the test person in front of 
the camera, the postura (pose taken by the person) was 
photographed before the beginning of the study and 
after 30 minutes of wearing the apparatus. Photos were 
analyzed in Photoshop CS. To do this, the program 
drew a line between the Th-1 markers and the L-1 for 
pshots up to (Fig. 4.1) and after the test (Fig. 4.2), the 
lines were aligned and the inclination angle between 
the formed straight lines was calculated (Fig. 4.3).

R e s u l t s
The results of the study are shown in Table 1. The 

table shows that the angle of inclination in a group 
with a high level of physical training without load 
compensation is 2.3 times less relative to a group with 
a low level of training and 1.4 times less relative to an 
average level of physical training. At the same time, 
the statistical significance of the differences is noted 
between the groups. Patients with an average level of 
physical training also show statistical significance of 
differences relative to people with a low level (1.6 times 
less, at p < 0.05). In load compensation, there is also 
a statistically significant difference between high and 
medium training relative to subjects with low training, 
with a minimum angle of inclination in people with 
high physical training (at p < 0.05).

D i s cu  s s i o n
In the course of the study on volunteers it was 

found that the one-way load (300 g) for 30 minutes 
on the lower jaw is reflected on the post of the tested 
person, but elastic rods are able to compensate for the 
one-way load and minimize the angle of inclination. 
It has also been found that the angle of inclination is 
influenced by the initial physical training of the subject 
— volunteers with a high level of physical training 
much more easily carried the load both by subjective 
and objective criteria. All this shows that elastic rods 
used to compensate for the load are able to fully ensure 
the adequate functioning of the human bone-muscle 
system as a whole.

C o n c l u s i o n
During the study, the compensatory abilities of 

the anti-gravity elastic pull of the lower jaw exoskeleton 
have been proved. The design of the apparatus enables 
not only to achieve a reponiating effect, but also allows 
the patient to maintain the usual lifestyle and social 
orientation in society. 

Fig. 2. �Load simulation Device. 1 — Plastic individual impression spoon, 
2 — Arc with slots for cargo fastening, 3 — Connecting rods

Fig. 3. �Elastic elements that compensate for one-way load
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