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The muscles that raise, laterally move and advance the mandible contribute to the development of pathological
abrasion of the hard tissues of the teeth. However, only the temporalis and masseter muscles are available for unob-
structed external electromyographic examination. Due to their anatomical location, the lateral and medial pterygoid
muscles can only be studied using magnetic resonance imaging, determining their physical dimensions, which can be
used for further mathematical analysis and knowledge of their biomechanical properties. The Bernoulli principle was
applied to further study the influence of the biomechanical properties of these muscles. Its essence is as follows: it is
not the cross-sectional area of the muscle that matters but the ratio of length to cross-sectional area. Given the same
cross-sectional area, the shorter muscle will be "strong", and the longer one will be "fast". Strong contracts and
relaxes slowly, with a low contraction amplitude. The fast one contracts and relaxes rapidly with a high contraction
amplitude. We have proposed a formula for calculating the dimensionless coefficient of the Bernoulli principle of the
ratio of muscle length to cross-sectional area. The calculated numerical expressions of this coefficient for the lateral
and medial pterygoid muscles in individuals without signs of dental hard tissue damage and in patients with patho-
logical tooth abrasion of varying severity were compared. The biomechanical properties of "speed" and "strength" of
both pterygoid muscles in each study group were determined. In the control group, the average values of the coeffi-
cients of the same-named pterygoid muscles on the priority and secondary sides of mastication differ insignificantly,
and the balance between the properties of "speed" and "strength" is maintained. In patients with pathological
tooth abrasion, with increasing severity of the disease, both pterygoid muscles acquire the biomechanical property
"speed" rather than "strength", which, in combination with the dominant biomechanical property "strength" of the

temporalis and masseter muscles, leads to the development of generalised pathological tooth abrasion.
Key words: pterygoid muscles, magnetic resonance imaging, Bernoulli's principle, biomechanics.

Connection of the publication with planned re-
search works.

The author’s scientific work is part of the initiative
research work of the Department of Prosthetic Den-
tistry with Implantology, “Application of the latest tech-
nologies for diagnostics and treatment of functional pa-
thology of the dentoalveolar system,” state registration
number 0121U113817.

Introduction.

Numerous electromyographic studies indicate an
undeniable role in developing pathological tooth abra-
sion of the masseter and temporalis muscles [1, 2].
However, the influence of the medial and lateral ptery-
goid muscles is not mentioned. It is because they are
inaccessible for external electromyography, and local
electromyography is fraught with severe consequences,
as it involves the immersion of an electrode in the form
of a thin needle into the muscle thickness. It is possible
to investigate the pterygoid muscles and determine
their role in developing pathological tooth abrasion by
combining the studies of D. Bernoulli [3, 4] with modern
magnetic resonance imaging.

The aim of the study.

To investigate the influence of biomechanical prop-
erties “speed” and “strength” of the medial and lateral
pterygoid muscles on the priority side and on the side
of secondary importance for mastication on the devel-
opment of pathological abrasion of hard tooth tissues,
applying the principle of D. Bernoulli,

Object and research methods.

Using the examination card developed by us, shown
in the figure, 64 people were studied, distributed as
follows:15 people without signs of hard tissue damage
were the control group, and 49 patients with pathologi-
cal abrasion were divided into three groups according
to the depth of hard tissue damage: with a mild degree
— abrasion up to 1/3; moderate degree — abrasion from
1/3 to 2/3 and severe abrasion — 2/3 or more of the
tooth crown length [5].

The digital values of the medial and lateral pterygoid
muscles were determined: length, width, and thickness.
They were measured in 15 patients without any signs of
dental lesions and in 49 patients with pathological abra-
sion of dental hard tissues using a SIEMENS MAGNE-
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Figure — Patient examination card.

TOM Skyra 3T,2018 magnetic resonance imager in the
NUMARIS/4 software, version syngo MR E 11.

The study was conducted following the principles of
the Helsinki Declaration of Human Rights, the Council
of Europe Convention on Human Rights and Biomedi-
cine, and the provisions of Ukraine’s relevant laws. The
Local Ethics Committee approved the study protocol for
all participants. Informed consent was obtained from
the patients for the study, as well as data collection and
processing.

The study of the ratio of the length of each muscle
to the area of its cross-section was performed following
the principle of D. Bernoulli, and the calculation of the
coefficient of its numerical expression was performed
according to the formula proposed by the author [6]:

X l

where: ‘/5

k is the calculated coefficient;

| is the length of the muscle;

S is the cross-sectional area of the muscle.

The coefficients of the lateral and medial pterygoid
muscles, both on the priority side and on the side of sec-
ondary importance for mastication, were determined in
patients with pathological abrasion of hard tooth tissues
and individuals without signs of abrasion.

Given that the main objective of the study was to
substantiate the anthropometric influence of the mas-
seter, temporalis, and pterygoid muscles on pathologi-
cal abrasion of dental hard tissues, descriptive statistics
were used as a statistical analysis, which, at the simplest
level, allows us to quantitatively describe the array of
parameters under study and identify the main trends in
the influence of the anthropometric dimensions of in-
dividual muscles involved in mastication food lumps on
pathological changes in dental hard tissues. It is the first

study in this direction, so at the beginning, we are look-
ing for a trend, but we are not tracking variations in the
size of certain muscles. Suppose we are convinced of the
correctness of the reasoning that the calculated coeffi-
cient, according to Bernoulli’s principle, significantly af-
fects the manifestations of pathological tooth abrasion.
In that case, further work will be aimed at significantly
increasing the size of the study samples to accurately
calculate the numerical parameters of anthropometric
dimensions.

Research results and their discussion.

According to magnetic resonance imaging results,
the following dimensions were obtained: length, width
and thickness of the medial and lateral pterygoid mus-
cles on the left and right sides. The side of priority and
secondary importance for mastication was determined
by the degree of tension of the masseter muscles and
by the qualitative and quantitative indicators of the
electromyogram. Further research and mathematical
calculations were performed considering this factor.
Thus, applying the Bernoulli principle and magnetic
resonance imaging, the lengths, cross-sectional areas
and coefficients for each of the pterygoid muscles (lat-
eral and medial) of the priority and secondary sides of
mastication were determined both in the control group
and three groups of patients with pathological abrasion.

The data from the studies of patients in each of the
three groups with pathologic abrasion are presented in
the tables along with the data from the control group
for comparison. Table 1 shows the values of the length
of each pterygoid muscle and the limits within which
they can change for patients of groups 1, 2, 3 with path-
ological abrasion and the control group for comparison
on the primary side of mastication, and table 2 — on the
secondary side.
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Table 1 - Values of the length of each pterygoid muscle
and the limits within which they can change for patients 1, 2, 3 of
the group with pathological abrasion and the control group

for comparison on the preferred side of mastication

1 group with Percentag_e. of deviation
Name of sl el elsossten Control group of coefficient values
muscle between groups
min max |average| min max |average| min max |average
, 18,3 | 26,6 21,9 17,5 | 31,3 22,5 4 -18 -2
o 42,6 62,2 52,5 43,1 61,4 52,1 -1 1 1
2 group with Percentag_e. of deviation
Name of DRt ol kA labrasion Control group of coefficient values
muscle between groups
min max |average| min max |average| min max |average
, 18,6 | 30,0 24,7 17,5 | 31,3 22,5 6 -4 9
. 47,1 | 76,9 56,7 43,1 | 61,4 52,1 8 20 8
3 group with Percentag'e. of deviation
Name of pathological abrasion Control group of coefficient values
muscle between groups
min max |average| min max |average| min max |average
, 20,8 | 29,3 25,0 17,5 | 31,3 22,5 16 -7 10
o 49,8 69,2 59,5 43,1 61,4 52,1 13 11 12

Table 2 — Values of the length of each pterygoid muscle
and the limits within which they can change for patients 1, 2, 3
of the group with pathological abrasion and the control group

for comparison on the secondary side of mastication

1 group with Percentag.e.of deviation
Name of o e Control group of coefficient values
muscle between groups
min max |average| min max |average| min max |average
, 18,7 | 26,1 22,3 179 | 31,8 22,5 4 -22 -1
. 41,1 | 60,6 51,7 416 | 61,2 51,3 -1 -1 1
2 group with Percentag'e'of deviation
Name of serteliee) dbrasio Control group of coefficient values
muscle between groups
min max |average| min max |average| min max |average
, 17,9 | 30,3 24,8 17,9 | 31,8 22,5 0 -5 9
. 48,3 | 74,4 57,1 41,6 | 61,2 51,3 14 18 10
i Percentage_of deviation
Name of pathological abrasion Control group of coefficient values
muscle between groups
min max |average| min max |average| min max |average
L, 20,2 30,7 25,5 17,9 31,8 22,5 11 -4 12
L 49,6 | 66,6 59,0 416 | 61,2 51,3 16 8 13

Table 3 — Values of the area of each pterygoid muscle and the limits
within which they can change for patients 1, 2, 3 of the group with
pathological abrasion and the control group for comparison on the
priority side of mastication

1 eroup with pathological Percentage of deviation of
Name of group P 8 Control group coefficient values between
abrasion
muscle groups
min max |average| min max |average| min max |average
S, 440,32| 695,24 | 563,69 | 404,74 | 742,26 | 570,56 8 -7 -1
S, 346,15| 637,00 | 422,69 | 316,16 |694,38| 426,79 9 -9 -1
) eroup with pathological Percentage of deviation of
Name of group P g Control group coefficient values between
abrasion
muscle groups
min max |average| min max |average| min max |average
S, 502,68 (1008,60| 651,71 |404,74| 742,26 | 570,56 | 19 26 12
S, 356,16 | 672,62 | 475,64 | 316,16 |694,38| 426,79 | 11 -3 10
3 eroup with pathological Percentage of deviation of
Name of group P 8 Control group coefficient values between
abrasion
muscle groups
min max |average| min max |average| min | max |average
S, 481,00| 965,44 | 699,87 |404,74|742,26| 570,56 | 16 23 18
S 296,05 751,40 | 501,83 | 316,16 |694,38| 426,79 | -7 8 15

Also, the cross-sectional areas of
the lateral and medial pterygoid mus-
cles in groups 1, 2, and 3, the average
values, and the percentage deviation
from the control group were calculat-
ed, as shown in tables 3 and 4.

The values of the coefficients of the
ratio of the length of each pterygoid
muscle to the cross-sectional area, that
is, the numerical expression of Bernoul-
li’s principle, were also calculated for
patients of groups 1, 2, 3 and the con-
trol group for comparison, as shown in
tables 5, 6.

According to the general assess-
ment of the average values of the coef-
ficients of the lateral and medial ptery-
goid muscles according to the Bernoulli
principle, in all groups of subjects, the
lateral pterygoid muscle was defined as
“strong” and the medial wing muscle as
“fast”. The average values of the coef-
ficients of the same-named pterygoid
muscles on the priority and second-
ary sides of mastication differ insigni-
ficantly. In the control group, a certain
regularity is associated with the priority
or secondary side of mastication. Ana-
lyzing the calculated coefficients of the
ratio of the lengths of the lateral and
medial pterygoid muscles to the area
of their cross-sections in individuals
without signs of pathological abrasion,
we see that on the secondary side of
the lateral pterygoid muscle, it is sig-
nificantly higher than on the priority
side of mastication. In the medial pter-
ygoid muscle, the opposite values of
this coefficient are observed. Accord-
ing to Bernoulli’s principle, the lateral
pterygoid muscle has a stronger physi-
cal property of “speed” on the second-
ary side of mastication and “strength”
on the primary side. On the contrary,
in the medial pterygoid muscle, the
physical property “speed” is more pro-
nounced on the priority side of mas-
tication, and “strength” is more pro-
nounced on the secondary side. This
circumstance is designed to maintain
the balance of muscle action. Forces
acting in the same direction are added.
When mastication is shifted to the pri-
ority side, both pterygoid muscles from
the secondary side contract simultane-
ously and vice versa. The sum of the
coefficients of the lateral and medial
pterygoid muscles in the control group,
although almost identical, is greater
on the secondary side, correspond-
ing to the contraction of both muscles
during movements of the mandible in
the preferred direction. In individuals
with no signs of pathological abrasion
on the preferred side, the “faster” me-
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dial side corresponds to the “stronger”
lateral side. On the secondary side of
mastication, the opposite relationship
is observed. Thus, a balance is main-
tained between the muscles’ “speed”
and “strength” during chewing food on
both the priority and secondary sides
of mastication, preventing pathological
teeth abrasion.

Starting from the first group, in pa-
tients with a mild degree of pathologi-
cal tooth abrasion, there is a slight de-
crease in the coefficients of the ratio of
muscle length to cross-sectional area,
and the sum of the coefficients does
not correspond to the priority and sec-
ondary sides of mastication, indicating
the beginning of the above balance
disorder. In patients with pathological
abrasion, in general, there are trends
of deviation of the average values of
the coefficients of the medial and lat-
eral pterygoid muscles about the cor-
responding values of the coefficients of
the control group and increases with
the increase of pathological abrasion of
teeth, both on the priority side of mas-
tication and on the side of secondary
importance for mastication. There is a
gradual increase in the cross-sectional
area of both pterygoid muscles and an
increase in their length on the prior-
ity and secondary sides of mastication
in patients with moderate and severe
pathological tooth abrasion. However,
the increasing coefficients of the ratio
of the lateral and medial pterygoid
muscle lengths to their cross-sectional
areas in patients of the second and es-
pecially the third group indicate a pre-
dominant lengthening of the muscles
over their thickening. Consequently,
both pterygoid muscles acquire the
biomechanical property “speed” rather
than “strength”, as indicated by the
sum of the coefficients of both muscles
on each side.

Since the temporalis and masseter
muscles are involved in mastication in
addition to the pterygoid muscles, it
is important to maintain the integrity
of the hard tissues of the teeth and
avoid excessive abrasion of the teeth,
how the biomechanical properties of
speed and force are combined in the
total of all muscles. The predominance
of the biomechanical property “speed”
of both pterygoid muscles in combina-
tion with the dominant biomechanical
property “strength” of the temporalis
and masseter muscles leads to the de-
velopment of generalized pathologi-
cal abrasion of hard tooth tissues [2].
The strongest opposition between
the “fast” pterygoid muscles and the

Table 4 — Values of the area of each pterygoid muscle and
the limits within which they can change for patients 1, 2, 3
of the group with pathological abrasion and the control group
for comparison on the secondary side of mastication

pathological abrasion

1 group with

Control group

Percentage of deviation of
coefficient values between

group
min max |average| min max |average| min max | average
470,82 (690,78 | 575,64 |372,60|755,38| 544,92 21 -9 5
337,50(673,44| 430,60 |278,60(|716,43 | 429,55 17 -6 0

pathological abrasion

2 group with

Control group

Percentage of deviation of
coefficient values between

groups
min max |average| min max |average| min max | average
504,00(923,89| 657,24 |372,60|755,38| 544,92 26 18 17
382,80(601,40| 469,13 |278,60|716,43 | 429,55 27 -19 8

pathological abrasion

3 group with

Control group

Percentage of deviation of
coefficient values between
group:

min max |average| min max |average| min max | average
501,84(966,38| 701,61 |372,60|755,38| 544,92 26 22 22
293,53|825,00( 513,51 (278,60|716,43| 429,55 5 13 16

Table 5 — Values of the coefficients of each pterygoid muscle
and the limits within which they can change for patients of groups 1,
2, 3 with pathological abrasion and the control group for comparison

on the priority side of mastication

1 group with pathological

Control group

Percentage of
deviation of

abrasion

abrasion coefficient values
between groups
min max |average max |average| min | max |average
0,78127|1,25335|0,92742|0,80894|1,25557|0,94671| -4 | O -2
1,95749|3,07371|2,57174|1,94299|3,233812,55763| 1 -5 1
Percentage of
2 group with gathologlcal Control gro de.vl.atlon of
abrasion coefficient values
between groups
min max__|average max__|average| min | max |average|
0,75406(1,19500(0,97262|0,80894(1,25557|0,94671| -7 | -5 3
2,21388|3,63912|2,61282| 1,9430 | 3,2338 | 2,5576 | 12 | 11 2
Percentage of
3 group with pathological deviation of

Control group

coefficient values
between groups

min max |average

max__|average| min | max |average

0,79903]1,21286|0,95558

0,80894

1,25557(0,94671| -1 | -4 1

2,28154|3,96371]| 2,7066

1,94299

3,23381|2,55763| 15 | 18 6

Table 6 — Values of the coefficients of each pterygoid muscle
and the limits within which they can change for patients of groups 1,
2, 3 with pathological abrasion and the control group for comparison

on the secondary side of mastication

1 eroup with Percentage of deviation
group . Control group of coefficient values
pathological abrasion b
etween groups
min max |average max |average| min | max | average
0,73813|1,16599(0,93213|0,77322|1,39424|0,97514| -5 | -20 -5
1,78359(3,05370|2,51216|1,98384/3,04949(2,51334| -11 0 0
5 ETe i Percentage of deviation
group . ntrol group of coefficient values
pathological abrasion b
tween groups
min max__|average max__|average| min | max | average
0,74949(2,48684|1,06687|0,77322(1,39424|0,97514| -3 44 9
0,92790|3,47406(2,54582| 1,9838 | 3,0495 | 2,5133 | -114 | 12 1
B ETe i Percentage of deviation
group . ntrol group of coefficient values
pathological abrasion b
etween groups
min max |average max |average| min | max | average
0,81726|1,18553|0,97295|0,77322|1,39424|0,97514| 5 -18 0
2,14223(3,88730| 2,6741 (1,98384(3,04949(2,51334| 7 22 6
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“strong” temporalis and masseter muscles is expressed
in patients with abrasion of hard tooth tissues by 2/3
or more of the length of the crown part of the tooth.
The question arises as to what is primary in the biome-
chanical chain of pathogenesis: an uneven balance of
muscle “speed” and “strength” or secondary changes
that appear in the muscles after the onset of pathologi-
cal tooth abrasion? In our opinion, the physical dimen-
sions of the muscles are hereditary: length, width, and
thickness, which determine individual biomechanical
properties. Therefore, they should be considered the
primary link. Already, in the course of tooth abrasion,
when genetically determined factors are realized and
the balance between the properties of muscles “speed”
and “strength” is more deeply disturbed, the influence
of muscles on pathological tooth abrasion is a second-
ary factor. These changes are especially noticeable in
patients with moderate and severe pathological tooth
abrasion.

Conclusions.

The influence of the biomechanical properties
“speed” and “strength” of the lateral and medial ptery-
goid muscles on the development of generalized path-
ological abrasion of hard tooth tissues has been stud-
ied. The balance between the qualities of “speed” and
“strength” of the medial and lateral pterygoid muscles
during chewing food on both the priority and secondary
sides of mastication prevents pathological abrasion of
teeth. The predominance of the biomechanical property
“speed” of the pterygoid muscles in combination with
the dominant biomechanical property “strength” of the
temporalis and masseter muscles leads to the develop-
ment of generalized pathological abrasion of hard tooth
tissues.

Prospects for further research.

To investigate the influence of the biomechani-
cal properties “speed” and “strength” of the pterygoid
muscles on developing localized pathological abrasion
of hard tooth tissues in the frontal and lateral areas.
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Yuc108i 8UPA3U BKA3AHO20 KoegiyieHma 078 AamepanbHo20 i medianbHo20 KpusaornodibHUx m’ssie y ocib6 6es
03HAK ypaxceHHA meepoux MKaHUH 3ybie ma y nayieHmis 3 namoso2iyHUM cmupaHHAM 3ybie pi3Ho20 cmyneHs
msaxKocmi. BusHaueHo 6iomexaHiyHi enacmusocmi «weuodkicme» i «cuna» 060x KpuaornodibHUX M’s3i8 8 KOHCHIl
0ocnidxcysaHili epyni. ¥ KoHMponoeHil epyni ocibé cepedHi 3HaYyeHHA KoegiyieHmie 00HOUMEHHUX KpusaonodibHUx
M’a3ie Ha npiopumemHomy ma Opy20pA0HOMY boUi #yB8AHHA 8i0PI3HAIOMbCA HECYMMEBO i ympuUMyemMbCA 6aGAAHC
MIiXC 810CMUBOCMAMU «WBUOKICMbY» | «cunax». Y nayieHmis 3 namoso2iYyHUM CMUpPaHHAM 3ybis, 3 MOCUAEHHAM
cmyrneHs MAXKOCMi 3aX80pr08AHHA, 06ud8a KpunonodibHi m’a3u binbwe Habysaroms biomexaHiyHOI nacmusocmi
«UWBUOKICMb» HiMC «CUA», WO Y NOEOHAHHI 3 OOMIiHYHO400 BIOMEXaHIYHO 8/10CMuU8BiCMI0 «Cuaa» CKPOHesux ma
HY8anbHUX M’A3i6 Npu3800UMb 00 PO38UMKY 2eHEPAs1i308AHO20 MAMO02IYHO20 CMUPAHHA 3ybis.

Karouoei cnosa: KpunonodibHi M’A3u, MazHiMHo-pe30HaHCHa momozpadis, npuHyun /. bepHynni, biomexaHika.

3B8’A30K ny6aikauii 3 n1aHOBMMM HAyKOBO-40CNIA-
HUMMK poboTamu.

HaykoBa poboTa aBTOpa € YacTUHOW iHiLjiaTUBHOI
HAP Kadeapn opTonegmyHoi cToMaTosorii 3 iMnaaH-
TONOriEl0 «3acTOCyBaHHA HOBITHIX TexHoMOri Ana Aia-
FHOCTMKM Ta NiKyBaHHA dyHKLiOHaNbHOI naTonorii 3y6o-
LLesIenHol CUCTEMUY, OEPKABHUM peecTpauinHuii No
0121U113817.

Bcryn.

YucneHHi enektpomiorpadiyHi AoCNiaKEHHA BKasy-
t0Tb Ha 6e33anepeyHy ponb y PO3BUTKY MATONOMYHOrO
CTUpPaHHA 3y6iB KyBasbHUX Ta CKpoHeBUX M'asiB [1, 2].
MpoTe, OAHMM YMHOM He 3rafy€eTbCA BNIMB Megianb-
HUX i naTepanbHUX KpnaonoaibHmx m’asis. Tak AK BOHU
€ HeJOCTYNHUMM ANA 30BHIWHBOI enekTpomiorpadii, a
NIOKasIbHa 3arpoXKye Cepho3HMMM Hacnigkamu, 60 ne-
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Kapra ofcrexenns nanienta

JHara

TIpi3Buiwe, im'st, o GaThKOBI

Crars

Pik naposxeHHs

Ckapry (KIIO €) Ha NaTONOTiuHe CTHPAHHS 3y0iB: 3yGHHX PsLiB 060X Wieseln Uit

OKpeMo 3yGiB  BepXHBOI ab0 HWKHLOT IUeNenu

JHiarnos

Tlepeneceni Ta CynyTHI 3aXBOPIOBAHHS

IcTopist pO3BUTKY TATONOTIYHOTO CTHPAHHs 3y6iB

Jlani 06’ €KTHBHOTO IOCTTi/KCHHS], 30BHILUHII OTJIs (BKA3aTH HA BUCOTY HHXKHBOT

TPETHHH 06MYYsI, HASBHICTH TPIUIMH, MaUCPaLil, OMyWCHUX KyTiB POTa)

Tlanenanis M’13iB CKPOHEBUX, XKY

TManbnanis niMpaTHYHUX BY3TIB

3y6Ha opmyna
181716 151413 12 11212223 24 2526 2728
48 47 46 45 44 43 42 41 | 31 3233 34353637 38

Bun npukycy

Cran noM6 Ta pecraBpaniii __

HasBHIiCTh HE Kapio3HOro YIIKOKeHHs 3yGiB (KpiM MATONOTIMHOTO CTHpaHH:

TBEPAMX TKAHHH)

JUinsHKa CTHPAHHA: BepXHS Ienena, HIKIS [exerna (TmiAKpECTUTH)

Bennunna ctupanss: Ha 1/3; Ha 1/2; Ha 2/3 (niaxpecauru)

Bun creproi mosepxwi (MiaKpecnuTH):

CTepTi pisaNbHi Kpai y BUNIANI FOPU3OHTAIBHUX TLIOIIAIOK;

cTepTa MiiHEeGiHHA, BECTHOYTApHA, S3MUHA TOBEPXHS;

crepTa KyBaJbHa INOBEPXHS YBIrHYTOT JOPMHU 3 FOCTPUMH 36EPEIKESHUMU TOpGaMIL;
cTepTH migHe6iHHI ropGH i 36epeskeHi miuHi;

ctepti wivni ropbu i 36eperxeni minHeSiHHi;

CTepTa JKyBanbHa TIOBEPXHS 10 BCil muomti.

Hassuicts rinepecresii

Tlnan o6cresxenus: MPT, EMT, koM’ 10TepHuii anaiti3 okto3ii, BUBUECHHS

JHarHOCTHYHKX MoJeNel (IAKpecuTH).

Pexomenpauii 11010 OPTONEANIHOTrO NiKyBaHHS:

PucyHok — Kapta o6cTexkeHHA nauieHTa.

penbayae 3aHYpPeEHHA eNeKTPoAY Y BUIMALI TOHKOI FONKK
B TOBLLY m’si3a. [locnignutn KpunonodibHi m’aAsn Ta BU-
3HAUYUTK X PONb Y PO3BUTKY MATO/OTNYHOTO CTUPAHHA
3y6iB MOXK/IMBO, NOEAHYOUMN gocniaKeHHA [. bepHynni
[3, 4] 3 BUKOPUCTAHHAM Cy4aCHOi MarHiTHO-pe3oHaHC-
Hoi Tomorpadil.

Merta gocnig)eHHs.

[ocnigntv BNAMB 6GiomexaHiYHUX BNACTMBOCTEN
CWBWUAKICTb» i «CUNa» MeaiaNbHOro i natepanbHOro
KpunonogibHoro m’asiB Ha npioputTeTHOMY 60U Ta Ha
6oL ApyropAaaHOro 3HaYeHHA ANA KYBaHHA Ha PO3BU-
TOK NATO/IOFYHOrO CTUPAHHSA TBEPAUX TKAHUH 3y6iB, 3a-
cTrocoBytoun npuHumn [. bepHynni,

O6’eKT i meTOaM AOCNiAXKEHHA.

BukopucToBytoun po3pobneHy Hamu KapTy obcte-
YKeHHA, 306pakeHy Ha PUCYHKY, AoCAiAKeHO 64 ocobu,
AKi po3nogineHi HacTynHUM YymHom: 15 ocib 6e3 o3HakK
YPaXKeHHA TBEPAWX TKAHWH 3yHiB CKNAAN KOHTPOAbHY
rpyn, a 49 nauieHTiB 3 NAaTONONYHUM CTUPAHHAM PO3MO-
SiNVAW Ha TPW TPYNK 32 MMBMHOIO YParKeHHsA TBEPAMX
TKaHWH: 3 NIETKUM CTyMeHem — CTUpaHHa fo 1/3; cepea-
HiM CTyneHem — cTUupaHHsa Big 1/3 A0 2/3 i BasKKUMm cTy-
NneHem CTUpaHHA — Ha 2/3 i 6ifblue JOBKMHN KOPOHKK
3y6a [5].

BusHavanu undposi BeNMUYNHWU MedianbHUX i naTe-
panbHUX KPUAOMOAiIOHMX M’A3iB: AOBMMHA, WWPUHA,
ToBlWMHa. IXx BUMiptoBaHHA y 15 oci6 6e3 6yab-Akux
03HaK yparkeHHs 3y6iB Ta y 49 NaLieHTIB 3 NaTONOMNYHUM
CTUPAHHAM TBEPAMX TKAaHUH 3yHiB BUKOHYBaNOCh 3a A0-
NOMOFO MarHiTHO-pe3oHaHcHoro Tomorpada SIEMENS
MAGNETOM Skyra 3T,2018. y nporpamHiin obonoHui
NUMARIS/4, Bepcia syngo MR E 11.

LocnigKeHHA NpoBoAMAOCA 3rigHO 3 NPUHLMNAMMU
lenbCiHCbKOT AeKnapaLii OXOPOHW MpaB JAOANHU, KOH-
BeHLUii Paan EBponu npo npasa AtoauMHU | biomeanunHy
Ta MONOXEHHAM BIAMOBIAHUX 3aKOHIB YKpaiHu. [Mpo-

TOKO/1 JOCNIAKEHHA NOrofKeHo JIOKabHUM eTUYHUM
KOMITETOM A/1A BCiX, XTO 6paB yyacTb. Ha npoBeaeHHsA
OOCNIAXEHHs, a TaKoX 36ip Ta 06pobKy aaHux 6yno
OTPMMaHO iHPOpPMOBaHY 3rody MaLLiEHTIB.

LocnigKeHHA cniBBiAHOWEHb A0BXMHU KOXHOro
M’A3a [0 NAOLLi MOro nonepeyHoro nepepisy BUKOHyBa-
nlock BignosiagHo npuHumnny . BepHynni, a obuncneHHn
KoediLieHTa MOro YMCA0BOro BMpPasy 34iMCHIOBaNOCh 3a
3aMponoHOBaHO aBTopom popmynoto [6]:

l
k=—

ae: VS

k — obumcntoBaHMit KoedilieHT;

| — noBXKWHa m’a3a;

S — n/ola nonepeyHoro nepepisy m’asa.

Bu3HaueHHs KoedilieHTiB naTepanbHOro i megianb-
HOro KpunonogibHoro m’a3a, AK 3 NpiopuTeTHOro HOKY,
TaK i3 BOKY APYropALHOro 3HaUYEHHA A1 KyBaHHSA, Npo-
BOAMJIOCb Y MALLEHTIB 3 NATO/ONYHMM CTUPAHHAM TBEpP-
OVX TKaHWH 3y6iB Ta y oCib 6e3 03HaK CTUPaHHA.

BpaxoBytouu, WO OCHOBHMM 3aBAaHHAM NpoBeae-
HUX fOCAiAXKeHb 6yN10 0BIPyHTYBaHHA aHTPOMOMETPUY-
HOTO BM/IMBY XYBa/IbHUX, CKDOHEBUX Ta KPUAOMOAi 6HMX
M’A3iB Ha NaTONOrIYHE CTUPAHHA TBEPAUX TKAaHUH 3y6iB,
B AKOCTi CTAaTUCTUYHOIO aHa/i3y NPUNHATA ONUCOBA CTa-
TUCTMKA, KA HA HAMNPOCTILLOMY PiBHi 4A€ 3MOTY KiNlb-
KICHO onucaTy MacuB [OCAiAXKYBaHMX MapameTpis Ta
BUABWUTU OCHOBHI TEHAEHLLIT BN/IMBY aHTPONOMETPUYHMUX
po3MipiB oKpeMnx m’sasiB, AKi 6epyTb y4acTb y Nepeko-
BYBaHHi Xap4yOBOi IPYAKW, HA MATONONIYHI 3MiHW TBEp-
OVX TKaHWH 3y6iB. Lie neplie gocnigxeHHs y Takomy Ha-
NPSAMKY, TOMY Ha NOYaTKy MU LUYKAEMO TEHAEHL,O, ane
He BiACTeXKYEMO BapiaLyii 3MiHM po3MmipiB NeBHMX m’s3iB.
AKLO MW BMNEBHUMOCb Y MPaBUALHOCTI MipKyBaHb, WO
obuncneHunit KoeodiuieHT 3a npuHuunom [.BepHynni
CYTTEBO BMJIMBAE Ha MPOABM MATONOMYHOrO CTUPAHHA
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Tabnaunua 1 — 3HaueHHA J0BXUHU KOXKHOro KpuaonoaibHoro m’sasy
Ta MeXi B AKMX BOHU MOXKYTb 3MIHIOBaTUCA ANA NauieHTiB 1, 2, 3 rpynu
3 MaTONOriYHUM CTUPAHHAM Ta KOHTPO/IbHOI rPynu ANA NOPiBHAHHA
Ha npioputeTHOMY 60Lii }KyBaHHSA

1 rpyna 3 naTtonoriyHnm Ty — BiCOTOK BigXMIEHHA 3HaYeHb
H?3Ba CTUPaHHAM P Py KoediLlIEHTIB MK rpyrnamm
m’As3a

MiHIMan.MaKCUM.|cepeaHE(MiHIMaN.[MaKCUM. |cepeaHE[MiHIMaN.|MaKCUM. |cepeaHE

l 18,3 26,6 21,9 17,5 31,3 22,5 4 -18 -2
!, 42,6 62,2 52,5 43,1 61,4 52,1 -1 1 1

2 rpyna 3 naToNoriyHUm BiCOTOK BigXMIEHHA 3HaYeHb
HasBsa e ——— KoHTponbHa rpyna I A S
MA33 | iniman.|makecum. cepegHe|MiHiMan.|Makcum. [cepeHEMiHIMaN.|MaKcuMm.|cepeaHe
l 18,6 30,0 24,7 17,5 31,3 22,5 6 -4 9
I, 47,1 76,9 56,7 43,1 61,4 52,1 8 20 8

3 rpyna 3 natonoriyHum BifCOTOK BiaXMNeHHA 3Ha4YeHb
Hasga TADAHIS KoHTponbHa rpyna L
MA3A | iviman.|makcum. cepepHe[MiHIMan.[makcum. |cepegHe|[MiHiMan. Makcum. |cepeaHe
/, 20,8 29,3 25,0 17,5 31,3 22,5 16 -7 10
Iy 49,8 69,2 59,5 43,1 61,4 52,1 13 11 12

Tabnnua 2 — 3HaueHHA A0BXXUHU KOXHOro KpuaonogiéHoro m’asy
Ta MeXi B AKMX BOHU MOXKYTb 3MiHIOBaTUCA A NauieHTis 1, 2, 3 rpynu 3
NaToNIONiYHUM CTUPAHHAM Ta KOHTPOJIbHOI Fpynu A8 NOPiBHAHHA
Ha ApyropagHomy 6oL }KyBaHHA

1 rpyna 3 natonoriYyHnm T r—— BiCOTOK BigXMNEHHA 3HaYeHb
H?3Ba CTMPaHHAM P Py KoeiLLiEHTIB Mix rpymamu
m’Asa

MiHIMaN.|MaKCUM. [cepeiHE MiHIMaN.|MaKCUM. [cepeAHE MiHIMaN.[MaKCMMm. [cepeaHE

l 18,7 26,1 22,3 17,9 31,8 22,5 4 -22 -1
L, 41,1 60,6 51,7 41,6 61,2 51,3 -1 -1 1

2 rpyna 3 naTonoriyHmm BiZiCOTOK BiAXMNEHHA 3Ha4YEeHb
Ha3Ba S TRETITER KoHTponbHa rpyna B et
MA3A| iniman.| makcum. cepegHE|MiHIMaN.|MaKCUM. [cepeAHE|MiHIMan.|MaKkcum. |cepegHe
l 17,9 30,3 24,8 17,9 31,8 22,5 0 -5 9
1y 48,3 74,4 571 41,6 61,2 51,3 14 18 10

3 rpyna 3 naToNoriyHUm BifCOTOK BiAXMNEHHA 3Ha4YEeHb
Ha3Ba TADAHHSA KoHTponbHa rpyna Lo
MA3A| iniman.| makcum. |cepegHe|miniman. | makcum. |cepeaHe|miniman.|makcum. |cepeaHe
l 20,2 30,7 25,5 17,9 31,8 22,5 11 -4 12
l, 49,6 66,6 59,0 41,6 61,2 51,3 16 8 13

Tabauusa 3 — 3HauyeHHSA NAOoLi KOXKHOTo KpuaonopgiébHoro m’asy
Ta MeXKi B AKMX BOHU MOXXYTb 3MiHIOBaTUCA AN NauieHTiB 1, 2, 3 rpynu 3
NaToNOriYHMUM CTUPAHHAM Ta KOHTPO/IbHOI FPpyNu 415 NOPiBHAHHA
Ha npiopuUTeTHOMY 60Li }KyBaHHA

1 rpyna 3 natonoriyHMm BifCcOTOK BiAXMAEHHA 3HA4YEHb
Ha3ga MDA KoHTponbHa rpyna coebilticrnin mi
MA33| \iviman. [makeum. [cepeaHe|mitiman. [makeum. |cepeaHe miHiman.makeum. [cepeare
S, 440,32 | 695,24 | 563,69 | 404,74 | 742,26 | 570,56 8 -7 -1
S, 346,15 | 637,00 | 422,69 | 316,16 | 694,38 | 426,79 9 -9 -1

2 rpyna 3 naTonoriyHmm BiZiCOTOK BiZAXMAEHHSA 3HA4YeHb
Ha3Ba DAL KoHTponbHa rpyna oedbiLlicrris mi
MA33| iviman.|makeum. cepegHE|MiHIMaN.[MaKcUM. [cepeaHE|MiHIMan.|MaKcum. |cepesHE
S, 502,68 |1008,60| 651,71 | 404,74 | 742,26 | 570,56 19 26 12
S, 356,16 | 672,62 | 475,64 | 316,16 | 694,38 | 426,79 11 -3 10

3 rpyna 3 natonoriyHum BifcoToK BigXvneHHA 3Ha4YeHb
Ha3Ba MDA KoHTponbHa rpyna oebilticrnin mi
MA3A| \iviman.[makcum. |cepeaHe|mitiman. [makcum. |cepeaHe miHiman.[makeum. [cepeaHe
S, 481,00 | 965,44 | 699,87 | 404,74 | 742,26 | 570,56 16 23 18
S, 296,05 | 751,40 | 501,83 | 316,16 | 694,38 | 426,79 -7 8 15

3y6iB, TO NoAaNbLUI HanpaLtoBaHHA ByayTb CNPAMOBAHI

Ha iCTOTHe 36inblueHHs 0bcAriB 4oCNiAKYBaHUX BUBIPOK
3 MeToto Binbll TOYHOro 06paxyHKy YMCI0BUX Napame-

TPiB @aHTPONOMETPUYHUX PO3MIpIB.

Pe3ynbtatv AocnigyKeHHs Ta
iX 06roBopeHHs.

3a pesynbTaTaMM  MarHiTHO-
pe3oHaHCcHOT ToMorpadii oTprma-
HO PO3MIpU HACTYMHUX BEIUYUNH:
[OBXWHU, WMPUHU Ta TOBLLUHMU
MeLianbHUX i NnaTepanbHUX KpK-
nonogibHmMx m’asiB 3 niBoro Ta
npasoro 6oky. bik npiopuTeTHOrO
Ta OPYropAAHOro 3HAYeHHA AnA
JKYBaHHA BM3HAYEHWUI 3a CTyne-
HEM HaMNpyXXeHHA XKyBaJIbHUX
M’A3iB Ta 3a AKICHUMM i KiNnbKic-
HUMW MOKA3HUKaAMU eNneKTPOoMi-
orpamu. lMoganbli [ocnigxeH-
HA Ta MaTemaTuyHi obuncneHHs
3iACHIOBANMUCh 3 OrNA4Y Ha BKa-
3aHMN dakTop. OTKe, 3acToco-
BYHOUM NpuHUMn . bepHynni, Ta
MarHiTHO-pe30HAHCHY TOoMoOrpa-
dito, BU3HaYeHi LOBXKMHMK, Naowi
nornepeyvyHoro nepepisy Ta Koedi-
LIEHTU ONA KOXKHOrO i3 Kpuaono-
AibHMX m’sA3iB (naTepanbHoro Ta
MefanbHOro) npiopuTeTHOro Ta
OpYropaaHOro 6OKy XKyBaHHA AK
Yy KOHTPO/IbHIl rpyni ocib, Tak i B
TPbOX rpynax NauieHTIB 3 NaToN0-
rNYHUM CTUpaHHAM. [aHi gocni-
OXKeHb NALEHTIB KOXHOI 3 TPbOX
rpyn 3 NaTo/IoriYHMM CTUPAHHAM
npeacTasfieHi B Tabanuax nopag,
3 JAQHUMM KOHTPO/IbHOI rpynu ANnA
nopisHAHHA. Y Tabauui 1 Hapa-
Hi 3HAYEeHHA [OO0BMWHU KOXHOrO
KpunonogibHoro m’s3y Ta Mexi B
AKMX BOHW MOXYTb 3MiHIOBATUCA
Ana nauienTis 1, 2, 3 rpynu 3 na-
TONOTIYHUM CTUPAHHAM Ta KOHTP-
ONIbHOI rpyNu ANA NOPIBHAHHA Ha
npioputeTHoMy 6oL }KyBaHHSA, a
y Tabnuui 2 — Ha apyropsagHomy
6oui.

TakoX obumcneHi naowi no-
nepeyHoro nepepisy natepasnb-
HOrO i MeaiaNIbHOro Kpuaomno-
AibHmMx m’asis y 1, 2, 3 rpynax,
cepegHi 3HayeHHs Ta BIACOTOK
BiAXWNEHHA Bi4 KOHTPO/bHOI
rpynu, Wo nokasaHo y Tabnuuax
3,4.

TakoX obuncneHi 3HaYyeHHs
KoeodiuieHTIB CniBBiAHOLWEHHA
OOBXMHU KOXHOro Kpuaonopi6-
HOro m’sA3y 4,0 N/OLLi nonepeyHo-
ro nepepisy, T06To Y4CNOBOrO BU-
pa3sy npuHuuny A.bepHynni, ana
nauieHTie 1, 2, 3 rpynu Ta KOHTPp-
ONbHOI AN1A MOPIBHAHHA, WO Mo-
KasaHo y Tabauysax 5, 6.

3a 3arasbHO OLHKO OTpU-

MaHUX cepegHix 3HaYeHb KoedilieHTiB KpUIoNoaibHMX
naTtepanbHUX i MeiasibHUX M’A3iB 3rigHO A0 NPUHLM-
ny A.BepHynni, y BCix rpynax ob6cTexyBaHUX BU3HAYU-

I NaTepanbHUn KPUNOMOAIGHNI M'A3 AK KCUAbHUIAY,
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a MefiaflbHUIA AK <LWBUAKUNY.
CepefHi 3HauyeHHs KoedoiuieH-
TiB OAHOWMMEHHUX Kpuaonogi6-
HUX M'A3iB Ha npiopuTeTHOMY
Ta ApyropagHOMy 6oui KyBaH-
HA  BigPI3HAOTBCA  HECYTTEBO.
Y KOHTPOANbHIN rpyni Bigmiva-
€TbCA MNEBHa 3aKOHOMIpPHICTb,
nos’asaHa 3 npiopuTeETHUM uun
APYropsagHMM BOKOM KyBaHHS.
AHanisytoun obumncneHi koediui-
€HTM CNiBBIAHOWEHHA [OBXMWH
NatepanbHOro i meaianbHOro
KpunonogibHoro m’ssa 4o naoui
iIXHIX nonepeyHmMx nepepisis y
oci6 6e3 03HaK MaToNOriYHOro
CTUPaHHA, 6aunMo, Lo Ha Apyro-
psaaHomy 6oL y KpuaonoaibHoro
naTepanbHoOro m’ssa BiH CYTTEBO
BUWMIA HiXX Ha npioputeTHOMY
boui KyBaHHA. Y MegiasibHOro
KpunonogibHoro m’asa cnocre-
piratoTbCA NPOTUAENKHI 3HAYEHHA
BKa3aHoro koeoiuieHTa. Bigno-
BiAHO A0 NpuHumny [.BepHynni,
Yy NaTepanbHOro KpuaonoAibHo-
ro m’asa Ha gpyropsagHomy boui
KYBaHHA Ay)Kye BupaxeHa oi-
3U4YHa BNIACTUBICTb «LWBUAKICTbY,
a Ha NpiopuUTETHOMY — «Cuaa».
Y megianbHOro KpwuaonogibHo-
ro m’a3a HaBMNakW, Ha npiopwu-
TETHOMY 60U KyBaHHA AyXKye
BUparkeHa ¢i3nMyHa BAACTUBICTb
«LWBWAKICTbY, @ Ha ApyropsaaHo-
My — «cuna». Lla obctaBuHa no-
K/MKaHa 36epiratm piBHoBary aii
m’s3iB. CUAK, WO AitoTb B OAHOMY
HanpAmKy gogatoTbca. MNpu 3mi-
WEHHI B MpiopuUTeTHUA BiK Ky-
BaHHA CKOPOYYHTbCA OAHOYACHO
obuasa KpuaonoadibHi m’asm 3
ApyropsaHoro 6OKy i HaBMaKw.
Cyma KoedilieHTiB natepasnbHo-
ro i megianbHOro Kpuaonogi6-
HUX M'A3IB Y KOHTPOAbHINA rpyni
X04 | Mmalxe ofHakoBi, npote
6inbluMii Ha apyropagHomy 6o,
WO BiANOBIJAE  CKOPOYEHHIO
060X M’A3iB NPU pyxax HUMKHLOI
wenenu y npioputetHuii Bik. Y
oci6 6e3 03HaK MnaTo/NoriYHOro
CTUPAHHA Ha npiopuTETHOMY
boui «wWwBMAWOMY» MeZjiasbHO-
MY BiZiNOBIAAE «CUMIbHILLMINY Na-
TepanbHuii. Ha apyropagHomy
boui KyBaHHA CcnocTepiraeTbca
3BOPOTHA 3a/IeXHiCTb. Takum
YMHOM YTPUMYETbCA BanaHC MixK
AKOCTAMM M'A3IB «LIBMAKICTbY i
«Cuna» nig, Yac neperKoByBaHHA
’Ki AK Ha NpiopuUTETHOMY, TaK i Ha

Tabnuusa 4 — 3HaueHHA NAOLLi KOXKHOro KpunonopgibHoro m’asy

Ta MeXi B AKMX BOHU MOXKYTb 3MiHIOBAaTUCA ANA NauieHTiB 1, 2, 3 rpynu 3
NaToNOriYHMM CTUPAHHAM Ta KOHTPOJIbHOI rpynu ANA NOPiBHAHHA

Ha ApyropagHomy 6o }KyBaHHA

1 rpyna 3 naTonoriyHnm BifCcOTOK BiaxnneHHA 3Ha4YeHb
Hessa CTUPaHHAM AT A KoediLieHTiB Mixk rpynamu
MA33 |\ iniman. | makcum. cepeHe|MiHIMan.[Makcum. [cepegHE|MiHIMaN.|MaKCUM. |cepeHe
S, 470,82 | 690,78 | 575,64 | 372,60 | 755,38 | 544,92 21 -9 5
Sy, 337,50 | 673,44 | 430,60 | 278,60 | 716,43 | 429,55 17 -6 0

2 rpyna 3 NaTonoriyHnUm BiacoTOK BigXMNeHHA 3Ha4eHb
Hessa CTUPaHHAM AELTPEAEER e KoediLliEHTIB Mik rpynamm
wasa MiHIMan.[MaKcUMm. [cepegHE MiHIMaN.|MaKCUM. |cepeAHE|MiHIMaN.[MaKkCcuMm. |cepegHe
S, 504,00 | 923,89 | 657,24 | 372,60 | 755,38 | 544,92 26 18 17
Sy, 382,80 | 601,40 | 469,13 | 278,60 | 716,43 | 429,55 27 -19 8

3 rpyna 3 NaTonoriyHnUm BiCOTOK BigX1IeHHA 3HaYeHb
H?3Ba CTMPaHHAM AL T KoediLLEHTIB MiXK rpynamu
wasa MiHiMan.[MaKcUMm. [cepegHE MiHIMaN.|MaKCUM. |cepeAHE|MiHIMan.[MaKkcMMm. |cepegHe
S, 501,84 | 966,38 | 701,61 | 372,60 | 755,38 | 544,92 26 22 22
S, 293,53 | 825,00 | 513,51 | 278,60 | 716,43 | 429,55 5 13 16

Tabnauusa 5 — 3HaueHHsA KoediLieHTiIB KOXKHOro KpuaonogibHoro m’asy
Ta MeXi B AKMX BOHU MOXKYTb 3MiHIOBAaTUCA ANA NauieHTis 1,2,3 rpynu
3 NATONOrYHUM CTUPAHHAM Ta KOHTPOJ/IbHOI FPyNu ANA NOPiBHAHHA

Ha npiopuTeTHOMY 60Li }KyBaHHA

1 rpyna 3 NnaTonoriyHMm

BifcOTOK BiAXMAEHHA 3HAYEHD.

qucbi- CTUPaHHAM BRI T KoediLliEHTIB MiX rpynamm
UIEHT MiHIMan.[MaKcum. [cepeaHE [MiHIMan.[MaKcMm. [cepeaHE [MiHIMan.[Makcum. (cepeHe|
k, 0,78127(1,25335|0,92742 |0,80894 | 1,25557 | 0,94671 -4 0 -2
k,, 1,95749(3,07371|2,57174 |1,94299 | 3,23381 | 2,55763 1 -5 1

.| 2rpynasnatonoriynum BifCOTOK BiAXMAEHHA 3HAYEHD.
Koedi- CTUPaHHAM NI TS KoediLliEHTIB MiXK rpynamm
HIEHT MiHIMan.[MaKcum. [cepeaHE [MiHIMaN.[MaKcMm. [cepeaHE [MiHIMan.[Makcum. [cepeiHe|
k, 0,75406(1,195000,97262 |0,80894 | 1,25557 | 0,94671 -7 -5 3
k,, 2,21388(3,63912(2,61282 | 1,9430 | 3,2338 | 2,5576 12 11 2

.| 3rpynasnatonoriynum BifcoToK BigxvneHHA 3Ha4YeHb
qud’" CTUPaHHAM R KoediLliEHTIB Mi rpynamm
UleHT MiHiMan.[MaKcUm. |cepeaHE MiHIMaN.|MaKCUM. |cepeHE |MiHIMan.|MaKCUM. [cepeAHE|
k, 0,79903(1,21286|0,95558 |0,80894 | 1,25557|0,94671 -1 -4 1
k 2,281543,96371| 2,7066 |1,942993,23381|2,55763 15 18 6

Tabnuua 6 — 3HaueHHA KoedilieHTiB KOXKHOro KpuaonogibHoro m’asy
Ta MeXi B AKMX BOHU MOXYTb 3MiHIOBAaTUCA ANA NauieHTis 1,2,3 rpynu
3 NATONOriYHUM CTUPAHHAM Ta KOHTPO/IbHOI FPyNu A8 NOPIiBHAHHA HA

apyropagHomy 6oui }KyBaHHA

1 rpyna 3 natonoriyHMm

BifcOTOK BiaXMNEeHHA 3Ha4YEeHb

Koedi- CTUPaHHAM I M KoediLliEHTIB MiX rpynamm
HIEHT | iniman.|makcum. cepegHeE|MiHIMan.|MakcuM. [cepe HE [MiHIMan.|makcmm. |cepegHe
k, 0,738131,16599 |0,93213|0,77322|1,39424|0,97514 -5 -20 -5
k,, 1,78359 | 3,05370(2,51216 | 1,98384 | 3,04949 | 2,51334| -11 0 0

.| 2rpyna 3 natonoriyHum BiZLCOTOK BiAXMNEHHA 3HAYEeHb
Koedi- CTMPaHHAM EREAE R 1D KoediLLEHTIB MiX rpynamu
Sl MiHIMan.[MaKCUM. [cepeHE MiHIMaN.|MaKCUM. |cepeAHE|MiHIMan.[MaKkCcUM. |cepegHE
k, 0,74949|2,48684|1,06687|0,77322|1,39424|0,97514 -3 44 9
k,, 0,92790 | 3,47406 | 2,54582 | 1,9838 | 3,0495 | 2,5133 -114 12 1

.| 3 rpyna3 naTtonoriyHnm BiZCOTOK BiaXMNEHHA 3Ha4YEeHb
qud)l- CTUPaHHAM L ETPEELE (D5 KoediLliEHTIB Mik rpynamm
HIEHT MiHiMan.|MaKkcMm.|cepegHE|MiHIMaN.[MaKCUM. [cepeAHE|MiHIMan.|MaKkCcUM. |cepegHE
k, 0,81726|1,18553 |0,97295|0,77322|1,39424|0,97514 5 -18 0
k 2,14223|3,88730| 2,6741 |1,98384|3,04949|2,51334 7 22 6

ApyropsagHomy 6oL XKyBaHHs, LWo 3anobirae natonoriy-

HOMY CTUPaHHIO 3y6iB.

MoymHatoum 3 nepwoi rpyn

i, Y NAUIEHTIB 3 Nerkmm

CTyneHem MaTo/IorYyHOro CTMpaHHsA 3y6iB BiamivaeTbca
AK He3HayHe 3HWKeHHA KoedilieHTIB CMiBBiAHOLWEHHS
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OOBXMHU M’'A3iB 40 NIOLL IXHBOFO NonepeyYHoro nepe-
pi3y, Tak i cyma KoedilieHTiB He BiANOBigae npioputeT-
HOMY i ApyropsaZHOMY BOKY »KyBaHHS, LLLO BKA3YE Ha No-
YaTOK NOpPYLUEHHA BULLEe 3rafaHoro 6anaHcy. Y naLieHTis
3 NaTONIOTYHMM CTUPAHHAM 3arasiom NPOCiAKOBYOTLCA
TEHAEHUT BiAXMNEHHA cepefHiX 3HaYeHb KoedilieHTIB
MeZjianbHOro Ta naTepasbHOr0 KpMAoMnoZibHoro m’asy
no BiZHOLWEHHIO A0 BiAMNOBiAHMX 3HAYeHb KoedilieHTiB
KOHTPO/bHOI TPYNK i 36iNbLIYETLCA i3 NOCUAEHHAM Na-
TO/IOTIYHOrO CTUPAHHA 3y6iB, AIK Ha NpiopuUTETHOMY HoLi
YKYBaHHA, TaK i Ha boui ApyropagHOro 3HauyeHHsa anA
»KyBaHHA. CnoCTepiraeTbcA AK NOCTYNOBE HApOLLyBaH-
HA NJIOLLi Nonepe4YHoro nepepisy 060x KpUaonoaibHmx
M’A13iB TaK i 36inblIEHHA X LOBXKWHW 3 MPIOPUTETHOIO i 3
LPYyropsfHOro 6oKy KyBaHHSA y NALiEHTIB 3 cepegHim Ta
TAXKKMM CTYNeHem MaTo/IoryHOro cTupaHHs 3y6is. Ane
3pocTatodi KoedilieHTN CiBBIAHOWEHHS AOBXKUH faTe-
panbHOro i MeaianbHOro KPUAOMNOAIGHMX M'A3iB A0 TXHIX
NA0LL, MOMNepeyYHoro nepepisy y NaLieHTIB APYroi i 0co-
6211BO TPETLOI rPYNM BKA3yOTb HA NepeBarkatoye nogo-
BMEHHA M’A3iB Hag, IXHiMm noToBuweHHAM. OTXKe, 0bMaBa
KpunonogibHi m’asum Ginble HabyBatoTb HiomexaHiuHOI
B/TACTMBOCTI «WBUAKICTbY HiXK «CUMa», Ha WO BKA3YHOTD i
cymu KoedilieHTiB 060X M’'3iB 3 KOXKHOIO BOKY.

TaK K y *KyBaHHI KpiM KpnionogibHux 6epyTb yyacTb
Lle CKPOHEBI Ta XyBanbHi m'A3u, ana 3bepexeHHa ui-
NicHOCTi TBEPANX TKAHUH 3y6iB | YHUKHEHHS iXHbOTO Mia-
BULLLEHOTO CTUPAHHA, BAaXK/IMBE 3HAYEHHA MAE fAK came
NOEAHYIOTbCA BioMexaHiuyHi BNAaCTUBOCTI «LWBUAKICTb»
i «cmna» cninbHoO ycix m’asie. MepeBaxaHHA biomexa-
HiYHOT BNACTUBOCTI «LBUAKICTbY 060X KpWonoaibHMX
M’A3iB Y MOEAHAHHI 3 AOMiHyO4YOK GiomexaHiuHo
BNACTMBICTIO «CMMA» CKPOHEBUX Ta }KyBasJIbHUX M’A3iB
nNpu3BOAUTL A0 PO3BUTKY reHepani3oBaHOro Matoso-
rYHOro CTMpaHHA TBepAuX TKaHWH 3y6is [2]. Hanayx-
Yye MPOTUCTOSHHA KLBUAKUX» KPUIOMOAIGHMX M’s3iB i
KCUJIbHUX» CKPOHEBMX Ta ¥KYBa/IbHUX M’A3iB BUpaKeHe

y MaLieHTIB 3i CTUPaHHAM TBEPAMX TKaHWUH 3y6iB Ha 2/3
i 6inblwe AOBXMHM KOPOHKOBOT YacTUHM 3yba. IcTOTHO
NMOCTA€E 3aNWUTaHHA, WO X € NepPBUHHUM y BiomexaHiy-
HOMY NnaHutory naTtoreHesy: HepiBHOMipHMI 6anaHc
CLWBWUAKOCTI» i «CUAM» M’A3iB, YU BTOPUHHI 3MiHM, LWLO
3’ABNAOTLCA Y M’A3aX NiCAA NOYATKY NATONOTNYHOIO CTH-
paHHA 3y6iB? Ha Hawy Aymky, € cnagkoBumu isnyHi
pO3Mipu M’A3iB: JOBXKWMHA, WMPUHA | TOBLLMHA, YUM i
0bymoBneHi iHAMBIAyanbHI BiomexaHiyHi BAACTMBOCTI.
Tomy X cnif BBaXKaTu NepPBUHHOID NaHKO. BxKe B ne-
pebiry cTpaHHA 3y6iB, KONW peanisyroTbCA reHeTUYHO
netepmiHoBaHi dakTopu, i rmnblue nopylyeTbca 6Ha-
JIAaHC MiXK BNACTUBOCTAMM M'A3IB «LIBUAKICTDY | «cuiay,
BN/MB M'A3iB Ha NATONOriYHE CTUPAHHA 3ybiB € BTOPUH-
HUM YMHHMKOM. Oco61MBO BKa3aHi 3MiHM € MOMITHUMM
y MaLiEHTIB 3 cepeaHiM CTyNeHeM Ta TAXKUM CTyMeHem
NaTo/I0rYHOro CTUPaHHA 3ybiB.

BucHoBKM.

BuBueHnn BNAMB 6HiomexaHiYHUX BAACTUBOCTEMN
CLWBUAKICTb» | «CuNa» natepanbHOro i mepiasibHOro
KpuaonogibHux m’a3iB Ha PO3BUTOK reHepanizoBaHoOro
NMaToONOrYHOrO CTUPAHHA TBEPAMX TKAHMH 3y6iB. BanaHc
MK AKOCTAMM «LWIBMAKICTb» i «Ccuna» mepnianbHOro i
NaTepanbHOro KpUAoMoAibHUX M’A3iB Mif Yac nepexo-
BYBaHHA i AK Ha NpiopuTETHOMY, TaK i Ha gpyropaa-
HOMy 60U, ¥KyBaHHA, 3anobirae NAaToNONYHOMY CTUPAH-
HI0 3y6iB. [epeBakaHHA 6GiomexaHiYHOI BNACTUBOCTI
«LBUAOKICTbY KPUAOMNOAIOGHMX M'A3iB Y NOEQHAHHI 3 A0-
MiHyto4ol BioMexaHiYHOK BNACTUBICTIO «CWUI@» CKPO-
HEBUX Ta KYBa/NbHUX M’A3iB NMPU3BOAUTL 40 PO3BUTKY
reHepasiisoBaHOro MaTONOMYHOrO CTUPAHHA TBEPAMX
TKaHWH 3y6iB.

MepcneKkTMBM NOAANbLUUX [OCAIAKEHD.

Hocnigntn BnAnB 6HiomexaHiYHMX BAACTMBOCTEN
KLWBUAKICTbY | «CMMa» KpuaonogibHux m’s3is Ha po3Bu-
TOK /IOKaNi30BaHOro MaTONOMYHOIO CTUPAHHA TBEPAUX
TKaHWH 3y6iB y GPOHTasbHIN Ta BIYHUX AiNAHKAX.
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3HAYEHHA BIOMEXAHIYHUX BJIACTUBOCTEM «LLUBUAKICTb» | «CU/A» (3T14HO 3 NPUHLUMMNOM [,. BEPHY/I-
Nl) KPnonoalisHUX M’A3IB Y PO3BUTKY NATO/IONYHOIO CTUPAHHSA 3YBIB

Kosanb HO. M.

Pestome. [10 LbOro Yacy He BUBYEHMUI BMNANB MeAialbHUX | NaTepasbHUX KPUAONOAIOHUX M’'A3iB Ha PO3BUTOK

NaTo/NIOrYHOrO CTUPAHHA TBEPAUX TKaHUH 3ybiB. Tak AK BOHM € HEAOCTYMHUMM ANA 30BHILWHbOI enekTpomiorpadii,
a /JIOKa/IbHa 3arpoKye cepmo3HMMM HacnigKamu, 60 nepenbayae 3aHYpPEHHA eNeKTpoay Y BUMNALI TOHKOT roNKu B
ToBLWY M’A3a. [oCNiANTM KPUAONOAIGHI M'A31 MOXKANBO, NOEAHYIOUYM AOCNigKeHHA [. BepHYANi 3 BUKOPUCTAHHAM
Cy4acHOi MarHiTHO-pe3oHaHcHOT Tomorpadil.

Mema: 3actocosytoun npuHuun [. bepHynni, gocnigutn Bnane 6iomexaHiYHMX BNACTUBOCTEN «LIBUAKICTbY i
«Ccuna» MeAia/ibHOro i NaTepasbHOro KpuaonoaibHoro m’asiB Ha npiopuTeTHomy 6oui Ta Ha boui gpyropsaHoro
3HAYEHHA A/1A )KYBAHHA Ha PO3BMTOK NATO/IOTNIYHOFO CTUPAHHA TBEPAMX TKAHMH 3y6iB.

06’ekm i MemoOdu docnidnceHHA. LndpoBsi BENMUYNHU MeiaibHUX | NaTepanbHUX KPUAONOAIOHUX M A3iB: AOBKK-
Ha, WWPMHA, TOBLLMHA BUMIPIOBANMCh 3@ AONOMOrOK MarHiTHO-pe3oHaHcHoro Tomorpada SIEMENS MAGNETOM
Skyra 3T,2018. [locnigeHHs cniBBigHOWEHb AOBXMHWN KOXKHOIO M’A3a A0 N/IOLL MOro NonepeyHoro nepepisy Bu-

510 ISSN 2077-4214. Bicuuk npo6nem Gionorii i meguuunn — 2024 — Bun. 1(172) / Bulletin of problems in biology and medicine — 2024 - Issue 1(172)



CTOMATONOTIA / DENTISTRY

KOHyBanochb BignosigHo npuHumny . bepHynni, a o6umcneHHs KoedilieHTa MOro YNCIOBOro BUPaA3y 34iNCHIOBA-
N0Cb 32 3aNpONOHOBAHOI paHille aBToOpoM GOpPMY/IOLD: _1 pe: k — obuncaoBaHnin KoeodiuieHT; | — AOBKUHA
M’A33; S — n/oLa nonepeyHoro nepepisy m’asa. Vs

Pe3ynbmamu 0ocnidxceHHa ma ix o62o080peHHHA. MNpoBeneHo 64 gocniakeHHs: 15 — ocib 6e3 naTonoriyHoro cTu-
paHHA — KOHTPOAbHA rpyna, 49 nauieHTiB po34ifeHi Ha TPU rPynuM 3a CTYNEHEM TAXKKOCTI NaTONOFNYHOIO CTUPAHHA.
BiK npiopuTeTHOrO Ta APYropAAHOrO 3HAaYEHHA A/A KYBAaHHA BU3HAYEHMUI 3@ CTYNEHEM HaMpyKeHHA XKyBasibHUX
M’A3iB Ta 33 NOKAa3HWKaMK eneKkTpomiorpamu. Bukopucrtosytoun npuHumn A.6epHynni, y ocib 6e3 o3Hak natonoriy-
HOro CTMPAHHA Ha NpiopuTETHOMY 60U «LWBUALIOMY» MeAia/lbHOMY BiZNOBIAAE «CUbHIWMIA» NaTepanbHUin. Ha
ApyropsaaHoOMy 60LLi }KyBaHHA CNOCTEPIraeTbCA 3BOPOTHA 3a/1EXKHICTb. TAKMM YMHOM YTPUMYETLCA BaNaHC MiXK AKOC-
TAMM M’A3iB «LUBMAKICTbY» i «CUAa» Mif Yac NeperkoBYBaHHS IKi AK Ha NPIOPUTETHOMY, TaK i Ha gpyropsaHomy boui
KYBaHHA, WO 3anobirae naTonoriyHOMy CTMpaHHIo 3y6iB.

BucHO8KuU. Y MaujeHTIB 3 NATOMIOMNYHMM CTUPAHHAM, 3 NOCUAEHHAM CTyMNeHs TAXKKOCTI, obuasa KpuaonogibHi
m’s3u Ginbwe HabyBaloTb HiomexaHIYHOT BAACTMBOCTI KLBUAKICTbY HiXK «CUAa», HA WO BKasyloTb i cymu Koedilli-
€HTIB 060X M'A3iB 3 KOXKHOTO H60Ky. MNepeBaxkaHHA GiomexaHiYHOT BNACTUBOCTI «WBUAKICTb» KpMUaonoaibHux m’asis
y NOEAHAHHI 3 AOMiHYIOYOIO BioMexaHIYHOI BAACTUBICTIO «CMA» CKPOHEBUX Ta »KyBaslbHUX M’A3iB NPU3BOANUTL A0
PO3BUTKY reHepasisoBaHOro NaToNIOFYHOMO CTUPAHHA TBEPANX TKAHWH 3ybiB.

Knto4oBi cnoBa: KpnaonogibHi m’s3um, marHiTHo-pesoHaHcHa Tomorpadis, npuHumn 4. bepHynni, 6iomexaHika.

THE VALUE OF BIOMECHANICAL PROPERTIES «SPEED» AND «STRENGTH» (ACCORDING TO BERNOULLI’S PRIN-
CIPLE) OF THE PTERYGOID MUSCLES IN THE DEVELOPMENT OF PATHOLOGICAL TOOTH ABRASION

Koval Yu. P.

Abstract. The influence of the medial and lateral pterygoid muscles on the development of pathological abra-
sion of hard tooth tissues has not yet been studied. Since they are inaccessible for external electromyography, local
electromyography is fraught with serious consequences, as it involves the immersion of an electrode in the form of
a thin needle into the muscle thickness. Examining the pterygoid muscles by combining Bernoulli’s research with
modern magnetic resonance imaging is possible.

Aim: using the Bernoulli principle to investigate the influence of the biomechanical properties «speed» and
«strength» of the medial and lateral pterygoid muscles on the priority side and on the side of secondary importance
for mastication on the development of pathological abrasion of hard tooth tissues.

Object and methods of the study. The digital values of the medial and lateral pterygoid muscles: length, width,
and thickness were measured using a magnetic resonance imager SIEMENS MAGNETOM Skyra 3T, 2018. The study
of the ratio of the length of each muscle to the area of its cross-section was performed following the Bernoulli
principle. The calculation of the coefficient of its numerical expression was conducted according to the formula
proposed earlier by the author: j — \/L where k is the calculated coefficient; | is the length of the muscle; S is the

S

cross-sectional area of the muscle.

Research results and their discussion. Sixty-four studies were conducted: 15 — people without pathological
abrasion — control group, 49 patients were divided into three groups according to the severity of pathological
abrasion. The side of priority and secondary importance for mastication is determined by the degree of tension
of the masticatory muscles and by the electromyogram. Using Bernoulli’s principle, in individuals without signs of
pathological abrasion on the priority side, the «faster» medial side corresponds to the «stronger» lateral side. On
the secondary side of mastication, the opposite relationship is observed. Thus, a balance is maintained between the
qualities of the muscle’s «speed» and «strength» during mastication food on both the priority and secondary sides
of mastication, which prevents pathological abrasion of the teeth.

Conclusions. In patients with pathological abrasion, with increasing severity, both pterygoid muscles acquire
the biomechanical property «speed» rather than «strength», as indicated by the sum of the coefficients of both
muscles on each side. The predominance of the biomechanical property «speed» of the pterygoid muscles in
combination with the dominant biomechanical property «strength» of the temporalis and masseter muscles leads
to the development of generalised pathological abrasion of hard tooth tissues.

Key words: pterygoid muscles, magnetic resonance imaging, Bernoulli’s principle, biomechanics.
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