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MODELING OF ELEMENT DAMAGE OF BIOMECHANICAL SYSTEM
UNDER ACTION OF EXTERNAL FORCE FACTORS

The radiocarpal joint of wrist is regarded as a biomechanical system. The
influence of external force factors of different intensity on the biomechanical system
is investigated. The initial data of this study is a wide amount of roentgenograms of
damaged elements of this system. Each case of injury is classified with regards to
the types of an international classification system. The influence of gender factor on
distribution of patients quantity in dependency of fracture type is studied by the
non-parametrical statistics methods. The dependencies of fracture type from a
patient age are found.
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Introduction. The radiocarpal joint is an important part of human wrist
and forms a complex biomechanical system. Making different functions in
human life, this joint is subjected to an action of external forces and an
influence of some internal factors, that weak its strength properties. The
internal factors consist of different kind deceases, for example, osteoporosis,
and time factor.

The radiocarpal joint anatomy has being studied from the ancient time.
As an example of modern comprehensive issue, concerned to the
physiology of joints, it is necessary to mention [6]. There is quantity of
modern universal foreign and created in time of USSR and after guides, in
particular, [1, 2, 26, 27]. The anatomy and biomechanics of the radiocarpal
joint were investigated, for example, in [13, 15, 16, 18, 20, 25, 28, 29]. The
mechanical properties of proximal radius bone tissue were determined in [9].

The time factor, internal property of the biomechanical system, has an
essential influence on material weakening that leads to mechanical strength
decrease. One of the revealing of such process is a decrease of bone tissue
entirety, in our case it is a pore increase in distal radius. The time factor
influence on the particularities of wholeness injury of the biomechanical
system was studied in [16, 18, 24]. Some problems of recovery of system
functionality and values of rehabilitation methods were investigated in [12, 14].

The most widespread method for investigation of bone tissue structures
is well-known method of roentgenogram analysis, that was used, particularly,
in [15, 16, 19, 24]. The latest years the powerful and perspective method of
computer tomography receives significant popularity [13, 21, 22].
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The problem of working-out of universal classification of bone fractures
was investigated, in particular, [3, 4, 7, 10, 11].

In present paper the modeling of element damage of biomechanical
system with taking into account an influence of external force and internal
factors is fulfilled.

Object of investigation. The radiocarpal joint (articulation radiocarpea)
is regarded as biomechanical system, i.e. junction of radius joint depression
and of wrist first rank three bones: scaphoid (os scaphoideum), lunare (os
lunatum), and triquetrum (os triquetrum) (Fig 1). The distal radius, which
damages are studied here, has the most part of contact with scaphoid. The
elbow bone (ulna) does not have a contact with the radiocarpal joint, and
has a junction with the fibrous-cartilage disk (ligament triangularae). The
radiocarpal joint is strengthened by next ligaments: lateral collaterial, ulnal
collaterial, palmar ulnocarpal, dorsal radiocarpal, palmar radiocarpal and
interosea ones. The radiocarpal joint is classified: by complexity as complex,
by form as elliptical, by function as biaxial joint. In the radiocarpal joint two
types of motions are realized: bending - unbending and leading — deflection.
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Fig. 1 — Radiocarpal joint Fig. 2 — Dorsal overunbending
in radiocarpal joint

On the Fig. 1 next labels were used: 1 — elbow bone (ulna), 2 — radius
(spoke) bone (radius), 3 — semilunar (lunate) bone (os lunatum), 4 —
scaphoid (navicular) bone (os scaphoideum), 5 — postlunar bone (os
pisiforme), 6 — cuneiform (pyramidal) bone (os triquetrum), 7 — hamate
(unciform) bone (os hamatum), 8 — capitate bone (os capitatum), 9 —
trapezoid bone (os trapezoideum), 10 — trapezium bone (os trapezium), 11 —
carpal bones (ossa metacarpalia), 12 — carpal bone | (0s metacarpale ).

The main mechanism of wholeness injury of studied biomechanical
system is dorsal over-unbending in the radiocarpal joint. The most frequent
type of damage is radius fracture in typical place — Colles' fracture. The
scheme of dorsal over-unbending of the wrist and, as consequence, a
wholeness injury (fracture) of one element of the biomechanical system,
namely the scaphoid bone is presented on Fig. 2.
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Besides the action of external forces the studied biomechanical system is
subjected to an influence of internal time factor — human age. The
osteoporosis — decease of aged people leads to increase of porous of
trabecular (sponge) bone. The mechanical strength decrease especially
under dynamic loading is a consequent of such phenomenon. So in medical
practice the notion of high- and low-energetic trauma is used. The high-
energetic trauma takes place, obviously, under an action of external force
factor of high intensity, for example, a fall from height of several meters. The
advanced stage of osteoporosis may leads to appearance of the low-
energetic trauma, such as a fall from human own height [7].

In 1981 year ASIF (Association on study internal fixation) accepted the
AQO fracture classification (Association of an osteosynthesi) according to the
ABC system [3, 10]. The AO classification was based on division into type,
group and subgroup that further describe a fracture level and localization, its
distance from joint and bone fragment displacement. From 1990 year an
additional AO classification that named the Universal fracture classification is
acting [3, 11]. The main principle of this classification is determination of type,
group and subgroup of fracture of each bone with damage in detail. The
hierarchical division of fractures, typical for any distal segment of long bone,
into three types and 27 subgroups is presented in Fig. 3 [7].

Type Group Subgroup Severety

CermenT

Fig. 3 — Hierarchical division of fractures

Three types of fractures of any bone segments are marked by capital
letters A, B and C. Each type is subdivided into three groups marked by
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letters with Arabic digits (A1, A2, A3, B1, B2, B3, C1, C2, C3). The
damages of group A1 are the most simple with the best prognosis and
ones of group C3 are the worst injures with the bad prognosis.

The anatomical localization is marked by two digits: first for bone,
second for its segment. Each bone or bone group is marked by digits from
1 to 8: 1 — shoulder bone; 2 — radius and elbow bone; 3 — femoral bone; 4
— shin-bone and calf bone; 5 — spinal (vertebral) column; 6 — hip bones; 7 —
wrist bones; 8 — foot bones. All remaining bones are classified by digit 9:
91.1 — patella; 91.2 — collar bone; 91.3 — shoulder-blade; 92 — lower jaw;
93 — face and skull bones.

Each long bone consists of three segments: proximal, diaphyseal and
proximal. Any fracture with displacement of fragment with part of join surface
is intra-articular one. If fracture without displacement contains a crack that
reaches the join surface, it is classified as metaphyseal or diaphyseal [7].

The fracture types of long bone diaphyseal segments are identical:
simple fractures (type A), or comminuted ones. The comminuted fractures
may be cuneate (type B) or complex (type C) in dependency of contact
between segments after reposition (Fig. 4).

Fig. 4 - Types of fractures Fig. 5 - Radius fracture in typical place

Three fracture types of distal segments (13-, 23-, 33-, 43-) and two from
four proximal segments (21-, 41-) are identical. It is near-joint fractures
(type A) or inner-joint fractures that classified as non-entire fractures (type
B) and entire ones (type C).

The fracture localization of long bones and hip ones are marked by two
digits. Letter, placed after, and else two digits describe the fracture
morphology. The example of classification of distal segment fracture that is
presented on Fig. 5: 23-A2.1, where (from left to right) 2 — radius and
elbow bone; 3 — distal segment; A — near-joint fracture of radius; 2 — simple
near-joint fracture; 1 — metaphiseal fracture.

On Fig. 5 the part of roentgenogram with marked structural elements and
scale is presented [15, 24]. Here next structural elements are marked by
digits: 1 — fracture line; 2 — joint surface; 3 — radius axis.
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It is important to note occurs or not the complex damage of radioulnar
joint when the distal segment fracture of radius or elbow bone takes place
with the aim to mark the non-entire fractures (type B) and the entire ones
(type C).

As in the paper only the fractures of radius distal segment will be studied,
the index "23" before the fracture types A, B and C is omitted.

Objective of investigation. The modeling of wholeness injury of the
biomechanical system elements with taking into account the internal (gender,
age) and the external (intensity of traumatic factor) factors is an objective of
this study.

The non-parametrical statistical methods [5, 8] were used in this study.

Problem statement. The distribution of patient quantity depending on
fracture type and its relative values with taking into account the gender factor
is presented on table 1.

Table 1 — Distribution of patient quantity according fracture types

Ne Fracture Patient quantity Relative values
type Women Men Woman Men
1 2 3 4 5 6
1 A2.1 62 13 0,45 0,65
2 A2.2 138 20 1 1
3 A2.3 2 0 0,014 0
4 A3.1 17 1 0,123 0,05
5 A3.2 1 2 0,007 0,1
6 A3.3 2 1 0,014 0,05
7 B1.1 4 3 0,029 0,15
8 B1.3 1 0 0,007 0
9 B2.1 4 0 0,029 0
10 B3.2 1 0 0,007 0
11 B3.3 1 0 0,007 0
12 C1.2 2 0,043 0,1
13 C1.3 0 2 0 0,1
14 Cc21 18 1 0,13 0,05
15 Cc2.2 7 1 0,051 0,05
16 Cc2.3 2 1 0,014 0,05
17 C31 1 0 0,007 0
18 C3.2 2 0 0,014 0
19 C3.3 2 0 0,014 0
Total - 271 47 - -




The radiocarpal joint (Fig. 1) regarded as a biomechanical system is
under action of external force factors. A wide amount of roentgenograms,
namely 318, of patients with damages of radius distal metaphysic is the
initial experimental data for investigation of an influence of internal factors
and of an action of external ones of different intensity. There are 271
roentgenograms of women and 47 ones of men. The men age varied from
20 to 77 years with average value 48,32. The women' age is in limits from 20
to 84 with average 56,33. Note essential dimorphism in patient quantity: the
ratio of men' quantity to women one is 1 to 5.77. For men patient 11 fracture
types were classified according to AO/ASIF [7]. For women were classified
18 fracture types.

The more detailed description of fracture types from column 2 of table 1
is in [7], chapter 1, part "Main fracture types of skeleton bones".

The patient quantity of both sex were calculated for each classified
fracture types. After that the relative patient quantity (column 5 and 6 from
table 1) were calculated by division the values from column 3 and 4 by
maximal values for women (138) and men (20), respectively. Note that
maximal absolute and, consequently, relative values concerned to A2.2
fracture type.

Results and its analysis. On the base of the data from in table 1 the
dependencies between fracture type and relative patient quantities for
woman and men are constructed and presented on Fig.6. Both
dependencies reach their maximums for A2.2 fracture type. For the fractures
from range A2.3-C3.3 the relative values do not exceed 0.13 and 0.15 for
women and men, respectively.
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Fig. 6 — Dependencies between fracture types and relative quantities
of female patients and male ones
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For revealing existing differences into the dependencies of patient
quantities and fracture types for female and male samplings it is possible to
use the biserial correlation coefficient. By this coefficient the closeness of
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dependencies between qualitative characteristics with two variants and
quantitative characteristics may be measured [8]:

P Tk B ML L)
s ANWN-1)

where X; and X, are arithmetic average of alternative groups with volumes

n; and n, ; N=n;+n, total observation value or sampling value; s, is

average quadratic deflection of the whole sampling.

In our case the alternative groups are the relative values of female and
male patient quantities in dependency on the fracture types, i.e. columns 5
and 6 of the table 1; volumes are n;=n, =19, N=n+ny, =19+19=38;

average quadratic deflection of the whole sampling is s, =0.4961. Hence
the biserial correlation coefficient is 7,, =0.021.

The validity of the biserial correlation coefficient is appreciated by the use
of Student ¢ -criterion with degree of freedom number k=N -2=36 by
formula

I"bs'\) k
—2 .
ﬂl—}"bs

Substituting values r,; and k& we obtain ¢=0,021.
The value of validity criterion ¢ does not exceed a critical level ¢, =2,02

with o0 =0,05 and & =36. Hence, the zero-hypothesis H does not rejected

with the validity level 5% ( P > 0,05).

The obtained result proofs that in spite of essential dimorphism in patient
quantity, the substantial differences in the distribution of the patient quantity
in dependency of fracture types do not revealed.

The distribution of fractures quantity in dependency on patient age is
studied in 10-th year intervals: 20+29, 30+39, 40+49, 50+59, 60+69, 70+79
and 80+89 years.

The fracture types are qualitative characteristics, so to each fracture type
a conditional rank with characteristic decreasing order is given [5]. Two
methods of ranking ratings are used: for detailed classification AO/ASIF and
for simplified approach that includes the types A, B and C only and
describes the fracture position with respect to the joint. The fracture types
with corresponding ranks are presented in table 2.

The data about the distribution of female patient quantity, average ranks
and the fracture distribution in types A, B, C according to the age intervals
are presented in table 3. The average ranks of the classification AO/ASIF
and types A, B, C are calculated as arithmetic average of fracture ranks
according to table 2.
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Table 2 — Ranking rating of fracture types

Ne Fracture type Rank AO/ASIF Rank A,B,C
1 A2.1 1 1
2 A2.2 2 1
3 A2.3 3 1
4 A3.1 4 1
5 A3.2 5 1
6 A3.3 6 1
7 B1.1 7 2
8 B1.3 8 2
9 B2.1 9 2
10 B3.2 10 2
11 B3.3 11 2
12 C1.2 12 3
13 C21 13 3
14 C2.2 14 3
15 C23 15 3
16 C3.1 16 3
17 C3.2 17 3
18 C3.3 18 3

The histogram of female patient distribution in the age intervals (columns
2 and 3 of table 3) is presented in Fig. 7. The maximum quantities of female
patients in almost equal values are in the age intervals of 50+59 and 60+69

years.

The histogram of fracture distribution in types A, B, C according to the
age intervals (columns 2, 6, 7 and 8 of table 3) is presented in Fig. 8. The
fracture of type A are of most frequency and reaches its maximum in the age
interval of 50+59 years.

Table 3 — Data about female patients, distributed in age intervals

Ne . Age Patier]ts Average rank | Average rank A B c
intervals quatity AO/ASIF A B,C

1 2 3 4 5 6 7 8
1 20-29 5 6 1,8 3 0 2
2 30-39 26 5,15 1,54 19 0 7
3 40-49 39 1,97 1 39 0 0
4 50-59 81 3,28 1,25 70 2 9
5 60-69 82 4,2 1,37 64 6 12
6 70-79 26 5,19 1,54 18 2 6
7 80-89 12 4,67 1,42 9 1 2

222 11 38

Total - 271 - - A+B+C =271
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The dependences of fracture average
classification AO/ASIF and types A, B, C are presented in Fig. 9.

The average rank values of the age intervals of 20+29 and 30+39
correspond, obviously, to the high-energetic trauma. Moreover, the average
rank maximum in the age interval of 20+29 years may be explained by small

patient quantity, so, this value is of insufficient reliability.
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Fig. 7 - Distribution of female patients in age intervals

70
64 —
— OA OB E
39 ::
19 : % 18
B : 2
7 L} IR ?E { 6 |
3 2 o i “I2 . .12 [
0 -lo doo ; S : ;
2029  30-39 4049 5059 6069 7079

Fig. 8 — Distribution of female patient fractures

of types A, B, C in age intervals
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Fig. 9 - Dependences of fracture average ranks
according to classification AO/ASIF and of types A, B, C

It is well-known that the osteoporosis as systematic deceases reveals, as
a rule, after 50 years [14]. The dependence of average ranks from patient
ages for senior women (beginning from 50 years inclusively) is studied. The
data of the age interval of 40+49 years are taking into account.

The dependences of average ranks according to the classification
AO/ASIF (upper and marked by squares) and of types A, B, C (lower and
marked by triangles) are presented in Fig. 10. The equation of trend line for

the upper dependence is y = ~0.25x° +2,2652x+0,1173 with the coefficient
R? =0,9706. The respective equation for lower dependency is

y= —0.0488x> +0,4055x +0,6343 with R? = 0,9594 . It can be noted that for
description of the average rank A, B, C (lower dependence) the linear trend

may be useful: y =0,1125x+0,9761 with R? =0,7591.

The data of table 3 and the plots in Fig. 10, described by the equations,
proof the tendency of monotone increase of average ranks AO/ASIF and A,
B, C with monotone increase of female patient age. With taking into account
the basic principle of fracture division into the main types A, B, C, it can be
stated an existence of the phenomenon of fracture line shift towards the joint
surface in dependency of age increase for female patient. The obtained
result corresponds with the conclusion of other morphometrical
investigations [15, 21].

The dependence of fracture type according to the classification AO/ASIF
from male patient age is presented in Fig. 11.
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The obtained dependence is described by linear trade

y=2.0586x+39.157 with R? =0,3436 . It demonstrates that presence of
fractures types B and C of male patients linearly depended from its age.
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Fig. 10 — Dependences of average ranks according to classification AO/ASIF
and types A, B, C from age intervals for senior women
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Fig. 11 - Dependence of fracture types according to AO/ASIF
from male patient age
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Conclusions. The modeling of biomechanical system properties by non-
parametrical statistical methods is fulfilled. The radiocarpal joint is regarded
as studied biomechanical system under action of external forces, taking into
account some morphological changes in bone tissue and an influence of
gender factor. The following results are obtained.

1. The relationship between the shift in distal direction of fracture line of
radiocarpal joint and the age increase of female patient from aged group,
that described by quadratic equation is established.

2. The dependency between the age increase of male patient and the
fracture type of radiocarpal joint, that described by linear equation is
revealed. This dependency takes place with partial and full inner-joined
fractures.

3. The injury of wholeness/entirety of biomechanical system material
occurs, evidently, as a result of action of force (traumatic) low-intensity factor,
i.e. the low-energy trauma takes place.

4. The considerable influence of gender factor on the distribution of
patient quality according to fracture types, despite the fact of essential
gender dimorphism, was not revealed using the non-parametrical statistical
methods.

REFERENCES

1. Anatomic atlas of human body / Editors Kishsh F., Sentagotai Ja., Budapesht:
Meditzina, 1973, 313 p. (in Russian).

2. Anatomy of human / Editor Sapin M.P. Moscow: Meditzina, 1987, 288 p. (in
Russian).

3. Angarskaya E. G. Colles' fracture // Sibirsky meditzinsky zhurnal, 2007. No 3.
P. 106-108. (in Russian).

4. Ankin L. N., Ankin N. L. Practical traumatology: European standards of diagnostics
and treatment. Moscow: Kniga plus, 2002. 480 p. (in Russian).

5. Gubler E. V., Genkin A. A. An application of non-parametrical statistic criteria in
medical and biological investigations. Leningrad: Meditzina, 144 p. (in Russian).

6. Kapandji A. 1. Upper limb. Joint physiology. Moscow: Eksmo, 2009. 368 p. (in
Russian).

7. Kornilov N. V., Grayznukhin E. G. Traumatology and orthopedy. Vol. 1, SPb:
Gippokrat, 2004. 768 p. (in Russian).

8. Lakin G.F. Biometry. Moscow: Visshaja shkola, 1990. 352 p. (in Russian).

9. LoskytovA. E., Krasovsky V. L., Zherdev I I, MakarovV. B  Mechanical
properties of bone tissue of radius proximal part // Orthopedy, traumatology and prosthetics.
2006. Ne 1. P. 5-8. (in Ukrainian).

10. Miiller M. E., Nazarian S., Koch P. Classification AO des Fractures. 1. Les os
longs. Berlin, Heidelberg, New York: Springer-Verlag, 1987. 78 p.

11. Miiller M. E., Nazarian S., Koch P., Schtzker J. The Comprehensive Classification
of Fractures of Long B ones. Heidelberg, New York: Springer-Verlag, 1990. 91 p.

12. Naumenko L. Yu., Bondaruk D. A., Pogrebnoy O. V. Analysis of mobility recover
dynamics of biomechanical system in terms of rehabilitation actions usage // Bulletin of
Dnipropetrovsk university, Ser.: Mechanics of inhomogeneous structures. 2017. Iss.2(21).
P. 115-121. (in Russian).

257



13. Naumenko L. Yu., Vinnik A. A., Cherednichenko N. A. Assessment of the
structural characteristics of bone tissue in the distal radius metaepiphysis using the method
of computed tomography // Problemi osteologii 2015. Vol. 18. No 1, P. 46-50. (in Russian).

14. Naumenko L. Yu., Vinnik A. A., Pogrebnoy O. V. Restorative treatment of patients
with injury of distal metaepiphysis of radius // Visnik ortopedii, travmatologii ta
protezuvannia. 2012. No 2(73). P. 26-29. (in Russian).

15. Naumenko L. Yu., Vinnik A. A., Pogrebnoy O. V. Morphometrical characteristic of
solid biological tissue in conformity with distal radius metaepiphysis // Trauma, 2010,
Vol. 11, Ne 4, P. 398-404. (in Russian).

16. Naumenko L. Yu., Pogrebnoy O. V., Vinnik A. A. A study of X-ray and morphomet-
rical characteristics of distal radius epimetaphysis by use of computer method // Ukrainsky
morfologichny almanakh. 2010. Vol. 8. No 3. P. 93-97. (in Russian).

17. Naumenko L. Yu., Pogrebnoy O. V., Vinnik A. A. Age-specific peculiarities in frac-
tures of the distal radial epimetaphysis // Ortopedia, traumatologia i protezirovani., 2011.
No 4. P. 13-16. (in Russian).

18. Naumenko L. Yu., Pogrebnoy O. V., Vinnik A. A. A study of radius distal epimeta-
physis fractures by the use of non-parametrical statistical methods // Visnik morskoi
meditziny. 2011. No 2. P. 137—-144. (in Russian).

19. Naumenko L. Yu., Pogrebnoy O. V., Vinnik A. A. Modeling of elastic properties of
spongy tissue of radius distal epimetaphysis on the base of morphometrical analysis data //
Materials of scientific and practical conference with international participation "I Ukrainian
symposium of biomechanics of support-moving system", Dnipropetrovsk, 13-14 September
2012, P. 103. (in Russian).

20. Palmer A. K., Werner F. W. Functional wrist motion, a biomechanical study //
Journal of Hand Surg. 1985. 10A. P. 39-46.

21. Patent on useful model Ne 134542. Method of three-dimensional measurement of
tubular bone segment / Mametiev A. O., Naumenko L. Yu., Pogrebnoy O. V., ErmolaevD. S.,
Registered in State register on useful models of Ukraine 25.05.2019. (in Ukrainian).

22. Patent on useful model Ne 134543. Endoprothesis of carpal-phalanx joint /
Mametiev A. O., Naumenko L. Yu., Pogrebnoy O. V., Ermolaev D. S., Registered in State
register on useful models of Ukraine 25.05.2019. (in Ukrainian).

23. Pogrebnoy O. V. Estimation of measurement errors by use of computer method
for roentgenogram analysis // Problems of mechanics and strength of structures: Collection
of scientific works. Dnipropetrovsk: Lira, 2011. Vol. 22. P. 208-221. (in Russian).

24. Pogrebnoy O. V. Calculation of the most probable damage place of biomechanical
structure on the basis of passive experiment data // Problems of mechanics and strength of
structures: Collection of scientific works. Dnipro: Lira. 2017. Vol. 27. P. 137-153. (in
Russian).

25. Rikli D., Regazzoni P. Fractures of the distal end of the radius treated by internal
fixation and early function // J. Bone Joint Surg. Br. 1996.Iss. 78-B. P. 588-592.

26. Roen J. V., YokochiCh., Lutien-Drecoll E. Grand anatomy atlas. Moscow:
Vneshsigma, 1983. 474 p. (in Russian).

27. Sinelnikov R. D., Sinelnikov Ya. R. Atlas of human anatomy. Vol. 1, Moscow:
Meditzina, 1996. 344 p. (in Russian).

28. Tanabe K., Nakajima T., Sogo E. et al. Intra-articular fractures of the distal radius
evaluated by computed tomography // The Journal of hand surgery. 2011. P. 1798-1803.

29. Zazirnyl. M., Vasilenco A. V. Anatomy and biomechanics of radiocarpal joint //
Trauma. 2013. Vol. 14. No 1. P. 75-76. (in Ukrainian).

258



YK 539.3

O. B. lNoepebHoli

MOAEJINPOBAHME HAPYLLEHUA LLENIOCTHOCTW SNIEMEHTOB
BUOMEXAHUYECKOU CUCTEMbI NMPU BO3OEUCTBUU
BHELUHUX CUNOBbLIX ®AKTOPOB

Ha ocHOBaHMM OGLUMPHOrO 3KCMEPUMEHTaNLHOro MaTepuana MccrefoBaHo
noeegeHne OUOMEXaHUMYECKOW CUCTeMbl, B KauyecTBe KOTOpOM BbICTynan
Ny4e3ansCTHLIA CycTaB, NPU BO3AEWCTBMM Ha Heé BHELHWX CUNOBBLIX (hakTopoB
PasfNYHON MHTEHCUBHOCTU. [lepBUYHBIMKU  3KCNEPUMEHTaNbHLIMU  AaHHbIMU
SIBAANUCL PEHTreHOrpaMMbl NMOBPEXAEHHbIX YYaCTKOB 6MOMEeXaHM4YeCKON CMCTeMbI.
Ona kaxgoro paccMmaTpuBaeMoro criyyasi npoBeAeHa Krnaccudukaums Tuna
HapyLlIeHUs1 LeNIoCTHOCTU 3NIeMEHTOB cucTeMbl. MeTogamu HenapaMeTpuyecKom
CTaTMCTMKU U3YUYEHO BIUsIHME reHaepHoro ¢akTopa Ha pacnpegernieHme KonumyecTsa
nauveHTOB No Tunam nepenomos. lonyyeHbl 3aBUCUMOCTM TuMna nepefrioma oOT
BO3pacTa NauMeHTOoB.

Knrodeenle cnoea: modenuposaHue, buoMexaHuyeckass cucmema, Jy4e3arnsiCmHbIl
cycmase, Jlyyeeasi KOCMb, OCMEONOpPO3, Mmurbl EPEIOMO8, PeHmMaeHo2paMma,
paspyweHue KOCmHoOU mKaHu, HernapaMmempuyeckasi cCmamucmuka.

YK 539.3

O. B. lNoepibHuti

MOAEJOBAHHA NOLWIKOOXEHHA LLINIbHOCTI ENIEMEHTIB
BIOMEXAHUYHOI CUCTEMU Mia BNJIMBOM 30BHILLHIX
CUNOBUX PAKTOPIB

Ha nigcraBi o6WMpHOro ekcnepuMMmeHTanbHOro MarTepiany AoCHigXeHOo
noBeAiHKy GiomexaHiYHOI cucTeMu, 30Kpema. nyuvesan'sicHUM cyrno6, npu pgii Ha
HbOro 30BHIWHIX cunoBux ¢akTopiB Ppi3HOi iHTeHCUBHOCTI. [lepBUHHUMHU
eKCnepuMeHTarlbHUMU [aHMMM  Oynu peHTreHorpaMu MNOLWKOMKEeHUX AiNAHOK
biomexaHiyHOi cucTtemu. [ins KOXHOro BuNaAKy npoBeAeHO Knacudikauia Tuny
MOPYLEHHA LWiNnbHOCTI enemeHTIB cuctemMu. MeTtogamu HenapameTpUYHOT
CTaTUCTUKU BMBYEHO BMJIMB FeHOEPHOro YMHHMKA Ha POo3noAin KinbKOCTi nauieHTiB
3a Tnamu nepenomiB. OTpMMaHo 3anexHocTi TUNY nepenomy Bif BiKy nauieHTiB.

Knro4oei cnoea: modeniosaHHs, biomexaHiyHa cucmema, sydesan'sscHuli cyamnob,
rpoMeHesa Kicmka, OCMeornopo3, munu repesiomie, peHmaeHozpama, pyUHy8aHHs
KICMKO80I mKaHUHU, HernapaMempuyHa cmamucmuka.

[Hinposckkuli HayioHanbHUU
yHieepcumem imeHi Onecs "oHyapa,
[Hinpo, Ykpaina Haditwna do pedkoneazii 20.04.2019
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