ISSN 2410-2547 89
Omip marepianiB i Teopis cropyx/Strength of Materials and Theory of Structures. 2021. Ne 107

UDC 620.171.3:616.71-001.5

INFLUENCE OF BONE TISSUE REGENERATE ON RIGIDITY OF
FRACTURES FIXATION

M. S. Shidlovskiy
0. S. Musiienko
0. P. Zakhovaiko

Yu. A. Lisachenko

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute *
Peremogy ave., 37, Kyiv, 03056

DOI: 10.32347/2410-2547.2021.107.89-102

Abstract: Based on experimental studies, an analytical method is proposed for an estimation
of the influence of a regenerate of a bone fabric on rigidity of the system of osteosynthesis.

A method for the experimental determination of displacements in the fracture region under the
action of loads taking into account the regenerate has been developed and tested.

A number of experiments were performed in compression, bending and torsion to determine
the deformation characteristics of systems without regenerate and in its presence.

The results of experiments related to the influence of bone regenerate formed during the
fusion of fractures on the mechanical characteristics of the system "bone with a fracture - a means
of fixation" are described. To assess the impact of bone regeneration, a method for studying the
deformation of osteosynthesis systems using the method of modeling bone regeneration with a
polymeric material with specified properties was developed and implemented.

Using the stiffness condition, the expression for the calculation of permissible loads that do
not lead to dangerous displacements of fracture points is obtained. The reduced deformations and
permissible loads for the systems "bone with a fracture - a means of fixation" at different stages of
bone tissue (BT) regeneration under the action of compression, bending and torsion are calculated.
It is established that the formed regenerate significantly increases the rigidity of the system "bone
with a fracture - bone regenerate - a means of fixation", which increases the level of allowable
loads on the extremities at different stages of treatment.

Test and calculation data can be used to improve methods of treatment of damaged limbs in
the intermediate and final stages of fracture fusion.

Keywords: bone regenerate; rigidityof systems; osteosynthesis, biomechanical characteristics,
tibia, compression, bending, torsion, permissible load.

Introduction. Bone regenerate (BR), which is formed during the fusion of
bone fractures [1-3], can significantly affect the deformation of the
osteosynthesis system (OS). The load acting on the human limb during walking
and therapeutic exercises is transferred not only to the means of fixation, but also
partially perceived by the BR. Due to this, the permissible loads on the limb can
be increased compared to the initial stages of fracture fusion.

To date, we do not know any experimental studies related to the effect of
BR on the rigidity of the systems "bone with fracture - a means of fixation". In
the known experimental studies, the mutual displacements of fracture points
were determined on full-scale bone samples with simulated fractures with
diastases (gaps between fracture fragments) that were not filled with BR. This
condition corresponds only to the initial stages of fracture fusion, when BR is
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absent or its mechanical properties do not affect the deformation
(displacement) of fracture points under the action of physiological loads. In
this case, the values of permissible loads determined using these experiments
also correspond only to the initial state of the BR. To determine the
permissible loads for the later stages of fracture fusion, it is necessary to know
the peculiarities of changes in the deformation properties of BT in the fracture
area, taking into account the processes of its regeneration.

This paper describes the results of experiments related to the influence of
BR, formed during the fusion of fractures, on the mechanical characteristics of
the system "bone with a fracture - a means of fixation". To assess the impact of
BR, a method for studying the deformation of osteosynthesis systems using the
method of modeling BR by polymer material with specified properties was
developed and implemented.

Basic patterns of bone regeneration.Bone is a complex organ that performs
mechanical and biological functions in the human body and has a complex
hierarchical structure. It is a dynamic polymorphic system in which two
interrelated processes take place during a person's life, which make up the cycle
of bone remodeling - resorption (destruction of the old bone) and osteogenesis
(formation of the new one) [4]. Therefore, BT and the conditions of its reparative
regeneration are constantly in the field of view of traumatologists and
orthopedists. Reparative regeneration is the restoration of tissue after its damage.
Mechanisms of physiological and reparative regeneration are qualitatively
uniform and are carried out on the basis of general laws [4].

Reparative regeneration of each type of tissue has its own characteristics, but
always includes the processes of disintegration of damaged cells and intercellular
substance, proliferation of viable cells, their differentiation, the establishment of
intercellular connections - i.e., integration and adaptation of regeneration. BR is
unique because it is able to completely restore even large-scale defects [5].

It is known that reparative BT regeneration is a complex, genetically
programmed process. The stage-time characteristics of this process depend on
the action of a number of endogenous and exogenous factors. The course of
osteoreparative process is mostly associated with the features and intensity of
injury, the nature of bone and soft tissue damage, the degree of post-traumatic
disorders of peripheral blood supply, the quality of primary and qualified
medical care, features of rehabilitation treatment, the presence of aggravating
concomitant pathology [4].

Consolidation of fractures is carried out by indirect bone regeneration, which
consists of several successive stages - 1) inflammation (begins immediately after
the injury and lasts up to five days); 2) formation of soft corns (replacement of
hematoma with fibrocartilage tissue lasting up to 40 days); 3) the formation of
hard calluses (bone bridges are formed between fragments of broken bone); 4)
remodeling (restoration of the original shape, structure and mechanical strength
of the bone). Violation of any course from these stages can lead to a slowdown
in the process of osteoreparation or even non-healing of bone fragments.
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Therefore, the problem of BT regeneration occupies a special place in the
system of biological and medical knowledge. To date, a distinctive feature of
BT regeneration has been identified, and some progress has been made in
elucidating the biological mechanisms underlying reparative osteogenesis, and
the main trends in the development of the direction have been formulated[5].

Research methodology

The essence of the method. The use of full-scale objects with formed
areas of BR for experiments is not possible, so for research we used bone
samples with simulated fractures, fracture fixation systems [6-11] and
simulated BR.

The tibia with a simulated fracture and fixative was installed on the platen of
the test machine and subjected to compression, bending and torsion tests [10,11].

Previously, elastic materials were installed in diastasis (the interval
between fracture fragments), which simulated regenerative bone tissue [1, 12].

Test object and supporting materials. The object of the research was a
tibia with a simulated fracture fixed by a medial tibial blocked plate [9-11].
The system "bone with a fracture - simulated BR - fixative" was installed on
the platen of a test machine. Previously, diastasis (the space between the
fracture fragments) was filled by material simulating BR.

Determination of modulus of elasticity for these materials or mixtures was
performed on cylindrical samples with a diameter of 12 mm by compression
testing using a universal testing machine type TIRA-test with simultaneous
application of load and recording of deformation diagrams.

Using data on X-ray density and modulus of elasticity of different types of
BT [7,8], a number of polymeric materials with equivalent characteristics were
selected for modeling BR in the early stages of regeneration.

To replace the regenerative bone tissue at the previous stage of research
were used: rubber RP-101 (modulus of elasticity under compression
E = 7.74...8.71MPa); high-density foam (£ = 0.6... 0.8 MPa); low density
foam (£ =0.2... 0.4 MPa); foam rubber (£ = 0.05...0.08 MPa).

UniCast 9 polyurethane and SILVER 20 silicone were also used to model the
BR. These polymers are able to change some mechanical characteristics, in
particular the modulus of elasticity, at different ratios of components "A"(resin)
and "B"(hardener). Compression tests of the samples gave the following results:
polyurethane "UniCast 9" - mixture 1 (ratio of components "A" and "B" 100: 50)
modulus of elasticity under compression £ = 710 ... 790 MPa; mixture 2 (100:
25) E = 14.8 ... 15.6 MPa; mixture 3 (75:50) E = 670 ... 730 MPa; silicone
"SILVER 20" - a mixture of 4 (100: 12,5) £ = 0.46 ... 0.54 MPa.

Only one mixture is made from silicone "SILVER 20", because component
"B" acts only as a catalyst to accelerate the curing process of the polymeric
material and its amount has virtually no effect on the stiffness of the material.

Mixtures Ne 1 and Ne 3 of polyurethane "UniCast 9" characterize the late
stages of formation of bone regenerate, and mixtures Ne 2 and Ne 4 of silicone
"SILVER 20" - early stages. As previous experiments have shown, when using
UniCast 9 polyurethane mixtures Ne 1 and Ne 3 for BR modeling, the mutual
displacements under the action of load are very small and do not exceed the
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measurement error. Therefore, the use of such materials due to their high
hardness, in our opinion, is impractical.

The mixture 4 of silicone "SILVER 20" is also impractical to use, because it
is quite difficult to adjust the modulus of elasticity of this material. Subsequently,
a mixture Ne 2 of polyurethane "UniCast 9" was used in the experiment on the
system "bone with fracture - simulated bone regenerate - fixative ".

Features of bones testing with fixed fractures. The method of testing for
compression, bending and torsion of different types of plates for fixing fractures
of tibia is described in [6,9, 14]. When tested for off-center compression (Fig. la,
b), the load P = 150 N was applied to the end of the rod with eccentricity relative
to the surface of the fixing plate e, =17.5mm. For bending tests in the frontal

plane of the bone (Fig. 1c, d) load P =30 N was applied to the lateral surface of
the bone at a distance of e, =32 mm from the fracture.

a
Fig. 1. Testing of the tibia with a simulated fracture fixed by a medial tibial blocked plate for
compression (a), bending (b) and torsion (c); fracture filled with a polymeric material that
simulates the regeneration of bone tissue

Simultaneously with the application of forces, the general diagrams of the
system deformation were recorded. The displacement of the breakpoints A
under load P was determined by the method of digital photography and
computer image processing [6, 14]. Similar tests were performed on tibia
bones without simulating with unfilled diastase.

Test results

Tests using rubber, foam and styrofoam. Table 1 shows the results of
measuring of the displacements of tibia with a fracture fixed by the medial
tibial blocked plate. The results were obtained on three tibia samples of five
measurements on each sample, followed by averaging of the data.

It is established that the presence of BR leads to a significant reduction in
the mutual displacements of the fracture under the action of loads. The BR
model with an elastic modulus of 8 ... 9 MPa reduces the displacement at
bending by 2 ... 2.4 times, at bending - by 1.2 ... 1.9 times.

As established during the tests, the use of foam, rubber and foam for
modeling is not effective and convenient for further research. This is due to the
inability to vary the modulus of elasticity of these materials for modeling BR.
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Table 1
Material for regencrate Mutual displacement of points fracture A, mm

modeling Eccentric compression Bending
P=150N P=30N

Without regenerate 0.69 ... 0.72 0.11...0.13

Foam rubber 0.68 ... 0,73 0.12...0.13

Low density polyfoam 0.58 ... 0.65 0.10...0.13

High density polyfoam 0.37 ... 0.40 0.10...0.12

Rubber RP 101 0.30...0.34 0.07 ... 0.09

Tests using polyurethane. Subsequently, when conducting an experiment
on the system "bone with fracture - simulated bone regenerate - fixative" we
used a mixture of Ne 2 polyurethane "UniCast 9" with a modulus of elasticity
E=14.8 ... 15.6 MPa. In the tests for eccentric compression of the bone, forces
P =100, 150 and 200 N were applied, in the tests for bending in the frontal
plane, forces P = 30, 50 and 70 N were applied to the lateral surface of the rod.

Absolute displacements A of the medial (located near the plate) and lateral
(farthest from the plate) points were determined. The above displacements A
were defined as the ratio of the absolute mutual displacements of adjacent
fracture points to the load R. The results of tests and calculations are given in
table. 2, where Ay is the reduced displacement along the longitudinal axis of the
bone, Ly is the transverse displacement, 4 is thefull displacement.

Table 2
Fracture area Jx % 10°mm/N Ay %X 10°mm/N 2 x 10°mm/N
Axial load without regenerate
Medial points 2,63 1,63 3,09
Lateral points 8,66 1,47 8,79
Axial load with regenerate simulation
Medial points 0,37 0,26 0,45
Lateral points 1,00 0,26 1,03
Bending load without regenerate
Medial points 0,40 1,79 1,83
Lateral points 0,99 10,33 10,37
Bending load with regenerate simulation
Medial points 0,40 0,60 0,72
Lateral points 0,79 1,39 1,60

According to the values of the reduced displacements obtained as a result
of the tests, the permissible loads [P] on the bone with a fixed fracture that do
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not cause displacements in the fracture area [A] = 1 mm were calculated [13].
Comparative histograms of the calculation results are shown in Fig. 2.
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Fig. 2.Comparison of permissible loads [P], N on the tibia with a fracture fixed by the medial
blocked plate during compression (a) and bending (b)

Presented results show that the formation of BR significantly improves the
characteristics of the system "bone with a fracture - fixative - bone regenerate"
(reduces movement in the fracture area and increases the permissible load on
the limbs).

Tests using silicone compound. Tests were performed using compound
"Siliflex 20" as a substitute for BR with a ratio of components of 100: 5
(modulus of elasticity under compression £ = 0.82... 0.87 MPa).

Filling of diastase with compound was performed in the following way.
The place of the simulated fracture on the tibia was wrapped with food film so
that the latter was close to the bone. Using a syringe, the compound was
collected and poured into the fracture site through a small hole. The portion of
the compound remaining in the container in which the mixture was mixed was
left as a control sample to check the readiness and curing of the compound. It
was held for 72 hours at room temperature. Using a control sample, it was
checked that the compound has hardened. The food film was removed from the
sample and the extra parts of the hardened compound were removed (Fig. 1c¢).

After complete polymerization of the compound, the samples were tested
for compression, bending and torsion according to the above method with the
measurement of mutual displacements in the fracture by digital photography.
The results of tests and calculations are given in Table 3.

Table 3
Jx X 10°mm/N
Type of load Without regenerate With simulated regenerate
Compression 9.71 ....12.1 8.32...947
Bending 8.81...12.2 7.33...10.0
Torsion 29.2 ...36.0 17.8 ... 19.5
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It can be seen that the presence of a simulated BR, even with such a small
modulus of elasticity, reduces the displacement in the fracture by about 20%
during compression and bending and by about 70% during torsion.

Calculation of permissible loads in the osteosynthesis system taking into
account the presence of RCG. Schematically, the calculation system "bone
with a fracture - fixative - bone regenerate" is shown in Fig. 3a. Due to the
application of the axial load P bone and fasteners (areas around the screws, the
shift in the fastening point, etc.), plates (mostly bending), regenerate (mostly
compression) are deformed.

\LP Pe=Pa= P,

(2) (b)

Fig. 3. System "bone with a fracture - fixative - bone regenerate" (a); calculation scheme of the
osteosynthesis system with regenerate (R) by means of elastic elements (b); system "bone with
fracture (B) and fixative means (plate P1)" (c)

This system can be reduced to the calculation scheme using the elastic
elements shown in Fig. 3b. Element K modulates the total deformation of the
bone and the fixing plate, element Pl - the deformation of the plate, element R
- the deformation of the regenerate.

The following notation was introduced:

A - total displacement of the fracture point under the action of load P (it is
better to take the displacement in the extreme left fracture point as the
maximum);

P, -load on the element R;

P, = P, = P, -load in the elements S and PI (Fig. 3b);

A =A/P -reduced displacement of the system as a whole;

Ap =A, /P, - reduced displacement of the regenerate;

Ay =A,/P,, Ay =A, /P, -thedisplacements of the bone with fixations
and plates are given.

The upper letter "e" denotes the above displacements, determined in the
experiment using a sample with a given size of diastasis (distance between the
parts of the fracture) and with a known modulus of elasticity. In the future we

will conditionally call this sample "basic".
Values, being determined experimentally:
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A°¢ is the deformation of the "base" sample with the simulated regenerate;
Ag = Ay + Ay, is the sum of the reduced deformations of the sample without

regenerate [14].
Taking into account the connection of the elements shown in Figure 3:

P-A=(F+B) A=A (1
By = A 2

Py Ay + Py Ay = A 3)
By =P, =F; “4)
P.-(Ay +4,) =A. 5)

We compare (5) and (1) and consider that A, + 4, = A, :
By (A +Ap) = Fs - Ag = By - Ay
P, =P -(A;—A)/A. (6)
We equate (2) and (5):
Fp-Ag =Py (Mg + Ap) =P Ag ™)
and substitute (6) in (7). In the final form shows the displacement of the
regenerate:

Ag =A-Ag[(As—A). (8)
Note that the given displacements of the bone part and the plate
(Ag =23 +4,) do not depend on the size and modulus of elasticity of the

regenerate. These are the characteristics of the “bone-plate” system.

Assuming that the given displacements of the regenerate are directly
proportional to the distances between the fracture parts and inversely
proportional to the modulus of elasticity:

A = X (W h)-(Eq [E) = 25, ©, ©)
where Q =(h/ h®)-(Ey /ER)— coefficient depending on the size of diastasis

and elastic properties of the regenerate (increase in the pliability of the
regenerate layer with increasing size of diastase and decrease in the stiffness of

the regenerate); /4 is the size of the diastase in the sample being analyzed; A°
is the size of the diastase in the test sample; E, - modulus of elasticity of the
regenerate; E, - modulus of elasticity of the regenerate "base" sample; A, -
reduced displacement calculated by formula (8) for the "base" sample:
Ap =2 Ay [(Ag =A%), (10)
In formula (10) A¢ is the displacement of the "base" sample with the size
of the diastase h° and the modulus of elasticity E, .
Note that it is not necessary to determine A, and A, separately. It is

sufficient to determine the total reduced displacement of the sample without
regenerate

Ay + Ay = A (1D
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and use this value further in formula (10).
Displacement at the fracture site is determined by the formula:

A=P/C,,, (12)
where C,, =C, +C, - total rigidity of the system, C, - rigidity of the
regenerate; C, - rigidity of the system without regenerate.

Taking into account (9)
Cp =1/2 =1/ (25 -0); (13)
Cs =1/ =1/(A,+2,). (14)
Given (12) - (14), the final expression for the total displacement has the
form:
A=P-(A; A5 Q) f (g Q+25) = P2 (15)
In (15) we replace A; by formula (10) and obtain the final expression to

determine the reduced displacement of the fracture points with a given size of
the diastase and the value of the modulus of elasticity of the BR:
A=2-0)(Ag/2° +0-1). (16)

Therefore, to calculate the displacement under load of the sample with a
given diastase /s and the modulus of elasticity of the regenerate E,, it is
necessary to give the following tests and calculations:

1. Load the sample with a fracture with diastase 4° and the means of
fixation with the P, force without modeling the regenerate. Measure the
displacement A and calculate the reduced deformation A, =Ag /P ;

2. Load the same specimen with diastase 4° and with the simulated
regenerate with modulus of elasticity £, ("base" specimen) with the force P
and measure the displacement of fracture parts A. The modulus of elasticity
Ey is measured on a standard sample made of a material that simulates the
regenerate. Calculate the reduced displacement of the breakpoints of this
sample A° =A/P;

3.The coefficient of influence calculated for a bone with a given fracture
diastasis /# and a known modulus of elasticity £, (established by radiograph)
by the formula:

0 =(h/h*)-(Eg[E,) ;

4. The reduced displacement of this fracture is determined by formula (16).
The values of the reduced displacements of the test specimens are given in
table 3.

The above technique allows to determine the permissible loads on the bone
at different stages of BR formation. We assume that the permissible

displacements [A] in the fracture region are not allowed more than 1 mm at

the size of the diastase 7, =10 mm.
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It is obvious that with increasing magnitude of diastasis, the permissible
displacement increases and vice versa. We assume that the increase in [A] is

proportional to the size of the diastase % . So:

[A]=[AC]-(/h,). (17)
The condition of rigidity in the presence of regenerate is obtained from (16):
P-((A5-R) [(As/ A+ 0-D)<[A]. (18)

Permissible load is calculated by the formula:

[P1=[a]((% Q) /(4 /4 +0-D)) (19)

The values of permissible displacements, calculated according to formula

(19) and permissible compressive loads for bones with a fracture at different

weeks of rehabilitation with the corresponding modulus of elasticity of the
regenerate [15] are given on Fig. 4.
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Fig. 4. Permissible compressive loads [P] on the tibia with a fracture fixed by a medial blocked
plate, at different times of rehabilitation

It should be noted that the given values of permissible loads are obtained
by a formal approach to the calculation of elastic systems, adopted in technical
mechanics. These results, as well as the proposed methods for assessing the
impact of BR on the functional characteristics of OS systems, can be further
used by traumatologists only after comprehensive biomechanical studies of
these systems.

The complexity of the issue of increasing physiological loads on bones
with fractures in the state of fusion is due, inter alia, to the lack of reliable and
unambiguous information about the permissible deformations (displacements)
in the fracture area under external loads on the extremities.

Conclusion.

1. A method for estimating the level of displacement in bone fractures
under the action of external forces at the stage of bone regeneration formation
has been developed. It is possible to assess the contribution of loads of
different directions relative to the longitudinal axis of the bone in the overall
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level of deformation of the osteosynthesis system and to determine the
dangerous directions of loads and their permissible levels.

2. Deformation of "bone with fracture and fixation" systems at the stages of
bone regeneration under the action of compression, bending and torsion has
been studied. It is established that the formed regenerate significantly increases
the rigidity of the system "bone with a fracture - bone regenerate - a means of
fixation", which increases the level of permissible loads on the extremities at
different stages of treatment.

3. To take into account the contribution of the regenerate to the mutual
displacements of fracture points and to estimate the permissible loads on the
bone, a sufficiently simple mathematical model has been developed. It allows
to calculate permissible loads that can be applied to the limb, taking into
account known fracture points' permissible mutual displacements.
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U uonoscwvruii M.C., Mycienxo O.C., 3axosaiixo O.I1., Jlucauenxo IO. A.
BILJIUB PETEHEPATY KICTKOBOi TKAHUHHU HA )KOPCTKICTb ®IKCAILIIi
MNEPEJIOMIB KICTOK

Ha 0CHOBI eKkcrepHMEeHTAIbHUX JOCIIPKEHb 3aIPOIIOHOBAHO aHATITHYHUH METOJ IS OLIHKH
BIUIMBY PEreHepaTy KicTKOBOI TKAHHHH Ha KOPCTKICTh CHCTEMH OCTEOCHHTE3Y.

Po3po0seHO Ta BUIPOOYBAHO METOMMKY CKCIIEPUMEHTAIBHOrO BH3HAYCHHS IEPEMIlllCHb B
00J1aCTi mepesoMy Mif Ai€l0 HaBaHTAXXEHb 3 BPAaXyBaHHIM pereHepary.

IlpoBeneHo psii eKCHEPUMEHTIB INPU CTHCKY, 3THHI Ta KPY4eHHI Ta BH3HAYCHHIO
nedopMariiiHi XapakTepUCTHKHU cHCTeM 0e3 pereHepary Ta IpH HOoro Has;BHOCTI.

OrnrcaHo pe3ysIbTaTH CKCICPUMEHTIB, TIOB’I3aHKMX 3 BIUIMBOM pereHepary KiCTKOBOI TKaHHMHH,
IO YTBOPIOETHCS MPOTSTOM 3POLIYBAHHS IIEPEIOMIB, Ha MEXaHiYHI XapaKTEPUCTUKH CHCTEMH
«KICTKa 3 mepenoMoM - 3aci6 dikcarii». J{is1 OLiHKM BIUIMBY pereHepary KiCTKOBOI TKaHHHH
pO3pobIIeHHH Ta peayi30BaHMH METOA AOCIIKCHHsS Ae(pOpMyBaHHS CHCTEM OCTEOCHHTE3Yy i3
3aCTOCYBaHHSM CIOCO0Y MOJCIIOBaHHs pereHepary KicTKOBOI TKAaHWHHM MOJIMEPHUM MaTepiajioMm
i3 3alaHUMU BJIACTHBOCTSMH.

I3 3acTocyBaHHAM YMOBH JKOPCTKOCTI, OJEp)KaHO BHpa3 IUIsl PO3PAXyHKY HOIMYCTHMHX
HaBaHTaXXCHb, 10 HE TPUBOAATH 10 BUHUKHCHHS Heﬁe3neqH14x l'lepeMiLlLeHb TOYOK IIEPEIIOMY.

Po3paxoBano mpuBeseHi gedopmariii Ta JONMYyCTHMI HAaBAHTAXKECHHS Ul CHCTEM «KicTKa 3
nepesoMoM - 3aci6 ¢ikcarii» Ha pi3HHX eTamax pereHepauii KiCTKOBOT TKAHHHH HPH Ail CTHCKY,
3TUHY Ta KPY4EHHS.

BcTaHoBIIEHO, IO YTBOPEHHUH pereHepaT CyTTEBO MiJABHIILYE KOPCTKICTh CHCTEMH «KICTKa 3
IIEPEIOMOM — KICTKOBHH pereHepatr — 3aci® ¢ikcamii», 110 30inblnye piBeHb HOMYCTHMHUX
HABaHTA)KCHb HA KIHIIBKY HA PI3HUX CTAAIAX JIKyBaHHS.

Jlani BumpoOyBaHb Ta pPO3paxyHKiB MOXYTb OyIyTh BHKOPHUCTAaHI Uil yOOCKOHAJICHHS
METO/IiB JIKyBaHHs IOLIKO/DKEHHX KIHIIBOK HAa MPOMDKHHX Ta 3aKIIOYHHX CTaJisX 3pOLIyBaHHS
HEPEIIOMIB.

KirouoBi ciioBa: pereHepaT KiCTKOBOI TKAaHHHH, JXOPCTKICTb CHCTEM, OCTEOCHHTE3,
GioMexaHiYHI XapaKTepPUCTHKH, BEIMKOrOMIJIKOBA KiCTKa, CTHUCK, 3TWH, KPYYCHHS, IOMYCTHME
HaBaHTa>XXCHH.
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Huonoeckuii H.C., Mycuenxo O.C., 3axosaiiko A.A., Jlvicauenxo FO. A.
BJIMSIHUE PETEHEPATA KOCTHOM TKAHU HA )KECTKOCTh ®UKCALIUU
NEPEJOMOB KOCTEM

Ha ocHoBe 3KCrepUMEHTaJbHBIX HMCCICAOBAHUI MPEIJIOKEH AHAIUTHYECKHH METOA ISt
OLICHKH BJIMSIHHSI pereHepaTa KOCTHOM TKaHU Ha )KECTKOCTh CUCTEMbI OCTEOCHHTE3a.

Pa3pabotaHo M HCIBITAHO METOIAMKY SKCICPHMEHTAJLHOTO ONPEACICHHs IIEPEeMEICHUI B
00J1aCTH IIepenoMa 1oj AeiicTBUEM HAarpy30K C YU4ETOM pereHepara.

IIpoBeneH psig IKCHEPUMEHTOB IPU CKATUM, W3rMOe M KPYYEHHH U OIPEACICHUIO
nedopMalOHHBIE XapaKTEPHCTHKU CUCTEM 0e3 pereHepara v Ipu ero HaJu4nu.

Onucanbl pe3ysbTaThl DKCIIEPUMEHTOB, CBS3aHHBIX C BO3JCHCTBHEM pereHepara KOCTHOH
TKaHH, 00pa3yeMod B TEYCHHE CPALMBAHMS IIEPEJIOMOB, Ha MEXaHHYECKHE XapaKTePHCTHKU
CHCTEMBI «KOCTh C TIEPEIIOMOM - CPEACTBO (puKcannmy». J{iist OLEHKH BIMSHUS pereHepaTa KOCTHON
TKaHHU pa3paboTaH M peai30BaH METOJ MCCICAOBaHMUS 1e(hOPMHUPOBAHUS CHCTEM OCTEOCHHTE3a C
HpUMEHEHHEM Criocoba MOJISIMPOBAHUS PereHepaTa KOCTHOM TKaHHU IMOJIMMEPHBIM MaTEpHAaIoOM C
3aJJaHHBIMH CBOICTBaMH.

C npuMeHEHHEM YCIIOBHSI JKECTKOCTH, IOJIyYEHO BBIPXEHHE JUIsl pacyera JONYCTHMBIX
Harpy30K, 4TO HE MPUBOASAT K BOSHUKHOBEHHUIO OMACHBIX IIEPEMELICHUI TOYEeK IepesioMa.

PaccunTaHo mpuBencHHBbIC Ae(OpPMALUK W JOMYCTUMbIC HArPY3KH JJIsI CHCTEM «KOCTh C
HIepPEJIOMOM - CPEJCTBO (DMKCALIMN» HA Ppa3HbIX ITalax pereHepanni KOCTHOM TKaHU MPH JACHCTBUH
CKaTHsl, U3ruba 1 KpydeHusL.

VYcTaHOBIICHO, YTO 00pa30BaHHBIA PereHepaT CYIIECTBEHHO MOBBIIIAET KECTKOCTh CHCTEMbI
«KOCTb C TEPEJIOMOM - KOCTHBIM pereHepaTr - CpelCTBO (PUKCALMKY», YTO YBEIMYHUBACT YPOBECHb
JIONYCTUMBIX HAarpy30K Ha KOHEYHOCTH HA PAa3HbIX CTAJUAX JICUCHHUS.

JlaHHBIE MCHBITAHMH W PAacdyeTOB MOTYT OBITh MCIIOJIB30BAHBI JUISl COBEPLICHCTBOBAHUS
METOJIOB JICUCHHS MTOBPEXKICHHBIX KOHEYHOCTEH Ha MPOMEXKYTOUYHBIX U 3aKIIOUYUTEIbHBIX CTAAUAX
CpalllBaHUs IIEPETOMOB.

KiaroueBble cj0oBa: pereHepar KOCTHOM TKaHM, >KECTKOCTb CHUCTEM, OCTEOCHHTE3,
OMOMEXaHWYECKHE XapaKTEPUCTUKH, OoJblieOepuoBas KOCTb, CKaTHE, W3THO, KpydeHHe,
JIONyCTUMAsl Harpy3Ka.

VIIK 620.171.3:616.71-001.5

Luonoscvkuii M.C., Mycienko O.C., 3axosaiiko O.I1., Jlucauenko FO. A. Bniaus perenepary
KIiCTKOBOI TKaHMHH Ha JKOPCTKicTh dikcanii mnepenomiB kictox/ OmnipmarepianiB i
Teopisciopyn: Hayk.-Tex. 30ipH. — K.: KHYBA, 2021. — Bun. 107. — C. 89-102. — Axri.

Ha ocnogi excnepumenmanbHux O00CAIOJNCeHb 3aNPONOHOBAHO AHATIMUYHULL MemoO Ol OYIHKU
6NIUBY pezeHepany KiCMKO80I MKAHUHU HA HCOPCMKICMb cucmemu ocmeocunmesy. Pospobneno
ma eunpo6y8ano MemoouKy eKcnepumMeHmaibHo20 SU3HAYEHHs nepemilyers 8 001acmi nepeiomy
nio Oi€I0 HABAHMAICEHD 3 BDAXYEAHHAM PE2EeHePAmy.

Tabu. 3. L. 4. Bi6miorp. 15 Ha3s.

UDC 620.171.3:616.71-001.5

Shidlovskiy M.S., Musiienko O.S, Zakhovaiko O.P., Lisachenko Yu. A. Influence of bone tissue
regenerate on rigidity of fractures fixation/ Strength of Materials and Theory of Structures:
Scientific-and-technical collected articles. — K.: KNUBA, 2021. — Issue 107. —P. 89-102.

Based on experimental studies, an analytical method is proposed for an estimation of the influence
of a regenerate of a bone fabric on rigidity of the system of osteosynthesis. A method for the
experimental determination of displacements in the fracture region under the action of loads
taking into account the regenerate has been developed and tested.

Tabl. 3. Fig. 4. Ref. 15.

VYIK 620.171.3:616.71-001.5

Huonoeckuii H.C., Mycuenxo O.C., 3axosaiiko A.A., Jlucauenko FO. A.Biusinue pereHepara
KOCTHOW TKaHM HAa KeCTKOCTh (puKcanuu nepejomMoB Kocrteil/ COnpoTHBICHHE MAaTEPHAJIOB U
TeopHsi coopyeHuit: Hay4d.-Tex. coopH. — K.: KHYCA, 2021. — Bum. 107. — C. 89-102. — Anri.
Ha ocnoge sxcnepumenmanbublx ucciedo8anutl npeodiodcer aHaiumuyeckuil Memoo Os OYeHKu
GIUAHUS pecenepama KOCHHOU MKAHU HA JCeCNKOCHb cucmemsl ocmeocunmesa. Paspabomana u
ucnvimana MemoouKa IKCHePUMEHIMANIbHO20 OnpeoesieHusl nepeMewenuil 6 obaacmu nepeioma
noo delicmeuem HAspy30K ¢ Y4emom pezenepama.

Tab6an. 3. Wn. 4. bubnuorp. 15 Ha3s.
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