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Spatial deformation of osteosynthesis systems.
Message 1. Criteria of functional reliability
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Annotation. Based on experimental studies, an analytical method is proposed for assessing the functional reliability of
osteosynthesis systems. As criteria for the rigidity of osteosynthesis systems, displacements and mutual rotations of parts of bone
fractures with fixation tools were used. The characteristics of the “bone with a fracture - fixation system”, necessary for
calculations, determined experimentally from individual loads by compression, bending, and torsion of bone samples with simulated
fractures and fixation tools.

The characteristics of the plates for fixation of tibial fractures are determined, the level of allowable loads is calculated according to
the combined action of compression, bending and torsion, and the areas of valid loads are determined.

The proposed criteria for functional reliability make it possible, using simple tests and analytical calculations, to determine
permissible load levels that do not lead to the occurrence of dangerous movements in the fracture area.

Keywords: osteosynthesis, tibia, functional reliability, stiffness criteria, displacement of fracture parts, linear displacements, mutual
rotation angles.

Introduction

During the knitting of bone fractures fixed by means of fixation, in most cases, disposable or reusable, mainly
cyclic, loads occur. At the same time, it is impossible to completely eliminate the dangerous displacements of individual
points in the fracture area. These displacements can lead to improper reposition of fractures or slow down the process
of fusion [1-5].

The practice of using various means of fixation of fractures (OS systems) has shown that one of the main
functional indicators of these systems is the mutual linear displacements (A) of adjacent fracture points and the mutual
rotation angles (G) of the fracture parts. Based on many years of research in the field of practical surgery,
the established allowable linear displacements (displacement) of fracture points [A] = 1 mm, and the mutual angles
of rotation of the fracture parts [G] = 3° [6, 7].

Thus, the requirements for deformation indicators of the systems “bone with a fracture — a means of fixation
of a fracture”, which are determined by the physiological properties and type of fracture, have the form [8]:

Al <[A] 4))

max —

T <[], ()
where i is the designation of the fracture points. It can be [9]: M — medial (located in the middle, closer to the
longitudinal axis of the human body), L — lateral (located on the side, away from the longitudinal axis), ¥ — ventral
(located in front), D — dorsal (located behind) or other fracture points.

Accounting for the mutual displacement of the fracture points

Displacements and rotation angles in the fracture area are determined by the influence of such forces (Fig. 1, a):
P, — force acting along the longitudinal axis of the bone (for the lower extremities it is mainly human gravity);
P, — transverse force (muscle strength, limb weight in the supine position of the victim); P; — the force acting
on the foot when walking (muscle action during rotational movements of the body during walking, the weight
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of the foot in the supine position of the victim) and causes torsion of the bones of the limbs. Due to the action of these
forces, bending moments and torsion moment arise:

My =F ¢,

where e; — the distances from the line of action of the corresponding force to the place of fixation of the fracture;
k =1, 2, 3 —designation of forces and corresponding moments (Fig. 2).
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Fig. 1. Loads acting on the limb (a), directions of the coordinate axes and components
of the main displacement vector A’ ()
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Fig. 2. Influence of axial (a), transverse () forces and torsion moment (c¢) on the fixation system

We take into account that most OS tools are located on the lateral (external to the center of the body) or medial
(internal) side of the bone. In this case, the axis of the longitudinal force P1 passes through the frontal plane (the one
that divides the body into the front and back) of the bone. In the future, we consider the case when the line of action of
the most dangerous force P- also lies in the front plane. Therefore, the displacement arising from these forces and the
corresponding moments must be added algebraically.

Note that the direction (sign) of external forces is not known in advance. Therefore, in what follows we will
consider the most dangerous arrangement of the forces Pi, P>, and P; when the directions of the projections of the
movement of all these forces coincide. In this regard, when constructing the criteria of functional reliability, consider
that all components of displacements have the same sign.

If the components of the displacement are known (the projections of the total vector A on the coordinate axis
(Fig. 1, b) at the most dangerous point, then condition (1) can be written as:

Ao = (0 +{a2)

<[A]. 3

max

where A; (A;,A; ,Ai) — projections of the full displacement of the point «i» on the axis «».
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We denote by A the displacements as the ratio of the absolute displacements to the acting forces, and by L the
displacements as the ratio of the absolute values of the displacements to the acting moments:

k= ’ k= >
B M,

where A;k — displacement projections of the i-th points caused by forces P on the j-th axis.

The reduced displacements are determined experimentally by measuring the displacements under the influence
of the corresponding forces and moments, for example, by digital recording using a camera [9, 10, 11].

If the displacements are known, the components of the absolute displacements can be determined for any values
of the components of the force vector P and the corresponding components of the moment vector M. So,
the projection of the total displacement A’ on the axis X is determined as follows:

Ay =0y BN By - Bt Ay My A - My + A - M.
The projections of the displacement A’ on the ¥ and Z axes are determined similarly. In general terms, we have:

. 3 . _—
Ny =2 By + M5
i1

The stiffness condition (3) using, as a criterion, the maximum linear mutual displacement in compressed form
is written as follows:

2
3 3 ) .
A = ZL Pk(x;kmljk.ek)} <[A] 4)
j=1Lk=1
max

Accounting for the angles of mutual rotation of the parts of the fracture
The angle of rotation of the line connecting two opposite fracture points M and L.

'L
I' =arccos| | -——— |, &)

S
where S,,; =ML, =M,L, =M,L" — the distance between points M and L in different positions (Fig. 3);
M,, L, —the position of two opposite fracture points to the load; M,, L, — position of two opposite fracture points after
loading; AA)?, Aly , Ag , Af(, Af,, Aé — projections of the displacement of points M and L on the axis X, ¥, Z; L' —

the position of point L after application of the load without taking into account the rotation of the fracture (parallel
displacement of the segment M,L;); L'L, — the displacement of the point L due to only the mutual rotation of the

fracture parts.
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Fig. 3. Detailed (@) and simplified (b) scheme of movement of fracture points
and angles of rotation of fracture parts
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Choosing the maximum mutual angle of rotation of the fracture parts as the rigidity criterion and taking
into account the relation (5), condition (2) is obtained in the following form:

2
I, =arccoss1— 2512 ZS:|:Z3:P,{ ((ka _k%)Jf(ka —X% )~ek )} <[r], (6)

ML j=1

max
Accounting for cyclic loads

The process of treating victims is accompanied by exposure to limbs cyclically acting loads (walking, exercise).
In this case, the mutual displacements of the fracture points can significantly increase, and the conditions of stiffness (4)
and (6) must take into account the deformations (displacements) that accumulate in the OS system during
the application of cyclic loads:

——
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In (7) and (8) it was taken into account that the components of the point displacement consist of instantly elastic
displacement A"/.k(o) and displacement A;.k( ¥) that occurred during the action of N loading cycles (Fig. 6)

Al = Njio) + Ay -
This ratio can be expressed through the reduced displacements which are related to the action of forces (X;k) and
moments (Xlzk) :
7“3'1{ = 7"‘1'1'k(0) + k;k(N) ; Xj‘k = Xj‘k(O) +x;‘k(N ) -

Index 0 means instant-elastic component, index N —
accumulated displacements:

Al ,-
JiCrp) i O . _ A Wy = O
0 =" p k) = p oM M,
— A
; i )
A‘\.ljk(o) }ij(N) = .

k

From a practical point of view, the greatest interest is the
displacement of the points of fracture, which accumulate when
exposed to a sufficiently significant number of load cycles. In
this case, conditions (7), (8) show displacements that occur on
the N-th cycle, it is expedient to replace them with limiting ones

(with the maximum number of cycles):
172

3 3 ) . .
Amax = {Z{ZH{ e (Mo Hineo e )J} lmax <[A] O
=1L k=1

Fig. 4. Scheme of development of displacements of
adjacent points and accepted notations

3
Fmax = arccos{ 7. 2 Z|:2Pk ( Jjik ( Jk(0) + ?L]k(o) ek)

ML k=1 (10)
M "M 2
— kj (7‘//{(0) k(o) "k ))} }S (7],
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where
AL
Ky =1+ =242 (11)
Aoy

is the coefficient of influence of cyclic creep, which shows an increase in the total displacement occurring
at a significant number of cycles compared to the displacement under a single load.

Analytical description of cyclic creep curves

Previous experiments have shown that the curve that connects the upper points of the cyclic creep diagram
(dashed in Fig. 4) it is possible to approximate with a sufficient degree of accuracy the sum of exponential functions.
The number of members of this sum is sufficient to limit by three so that the error of approximation does not exceed
the instrumental error. This is, in fact, the use of a generalized Kelvin-Voigt model by formally replacing the period
of the force's application by the number of load cycles.

Imagine fracture displacements under the action of long cyclic loads as follows:

i i z i N
i (N) = Aoy + 22 Al {l‘e"p[‘ﬁﬂ’ (12)

m=1 m

where Ai,-k(())— displacements, can be determined under single loads; A;k(m),an — coefficients that can be determined

from cyclic creep curves; N — number of load cycles; m is the serial number of the exponent; n is the total number
of exponents.

Dividing both parts (12) by P, , we obtain for the reduced displacement 7‘3’1{( Ny
i i Sy N
m=1 Nm
Similarly for the reduced displacement A’ w(N):
i i i N
M (N) =Ny + Zlkjk(m) {“ext’[_ﬁﬂ' (14)
m= m

Generalized forms of conditions of functional reliability

Taking into account (13) and (14), the stiffness conditions (7) and (8) at repeated cyclic loads will have
the following form:

3 3 n ) .
A (N) = Z{zl’k H ,m)+Z>»3k<m>[l—exp(—N/an)ﬂ+
j=1| k=1 m=1
,12 (15)
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=1L k=1 m=l
20 lek(m) [1-exp(-N /) )D+[X§k(0) + zn:lifk(m) [1-exp(-N /) |- (16)

m=l1

2
~Mko ~ 22 Miom [l_eXp(_N/N’y )BH [ ]

33



ISSN 2521-1943. Mechanics and Advanced Technologies #3 (87), 2019

Determination of the allowable loads at fractures of tibia bone, fixed with plates

As an example, consider the application of the above criteria to estimate the allowable loads of the system “tibia
with fracture - fixing plate” [8, 12, 13]. The following points of fracture were considered: point M (medial, point near
the attachment of the plates) and point L (lateral, the point furthest from the plates). We assume that the external forces
are applied in such a way that the directions of the projections of the displacement vectors of the point L, which arise
due to individual forces and moments of forces, coincide (the most dangerous case).

According to formula (4), in order to accurately evaluate the functional reliability of the fracture fixation

and to determine the allowable loads, it is necessary to know nine values of the reduced displacements kijk

and nine values of X’/k Obviously, identifying all the components, even using the digital method of recording

movements [9], is quite difficult. However, it turned out that the number of displacements that influence the results
of calculations can be significantly smaller.

The above displacements were determined from the results of experiments for angled medial plates with angular
stability (hereinafter 2M), medial blocked plates (3M), and X-shaped medial blocked plates for open correction
osteotomy (4M).

Tibial bones with simulated fractures fixed by these plates have been tested for compression, bending and torsion
by the method [9, 14]. In table 1 shows the distances from the points of application of loads to the locking plates.

The location of the point of application of loads to the locking plate (see Fig. 2) Table |
Type of plates el e .
2M 11.0 21.5 595
M 17.5 20.6 56.9
M 21.1 35.8 49.8

The most dangerous area is the area of fracture in which, under the action of loads, maximum mutual
displacements of adjacent points occur. It is obvious (and this is confirmed experimentally) that in most cases maximum
displacements will occur at the point of fracture farthest from the fixation means (plate or rod apparatus of external
fixation). Therefore, in our opinion, as the point i in the calculations of maximum displacements, we need to take
the point itself from the clamp (point L in Fig. 2).

Analyzing the experimental material [12, 14] we can conclude that the main displacement vector A is determined
mainly by the components Ay, A'y,, AL, AL,,and Al,.

The first four components are the longitudinal (along the X-axis) and transverse (along the Z-axis) displacements
by forces P and P,. The fifth component — is the displacement in the plane perpendicular to the longitudinal axis
of the bone due to the moment of rotation A3.

The results of calculations of the reduced displacements, which are included in formulas (4) and (6), are given
in Table 2. The other components of the displacement of the breakpoints are close to zero and are within the
measurement error.

Table 2
The reduced displacements of the point farthest from the fixing point by the plate L and closest to the plate M
A M Ao, M A Ao M3 Aas M. AL A0
Plate
x10%, mm /N x 103, mm / (N-mm)
M 3.03 2.13 0.458 0.460 0.702 0.105
3iM 4.75 0.64 0.429 0.427 1.213 0.134
4M 0.80 2.77 0.193 0.189 0.319 0.023

Taking into account only those non-zero displacements, the conditions of functional reliability (4), (6) under
simplified loads significantly simplify:

Appax = {[Pl (}"il +21e )+P2 Ae T +[P3 (%3 ) )T +
amn
TR a)en (4 7h )| el
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(n#taenitaf o(m il ]| <) as)

1
I' ax = arccos {1 Y

ML max

Using the criterion of maximum linear displacement recorded in the form (17) and the value of the reduced
displacements, are given in Table 2, the values of the allowable loads [Pi], [P>] and [P3] were calculated with their
simultaneous action. The results of the calculations are shown in Table 3. It is permissible for the reciprocal movement

of the breakpoints to be taken [A]=1mm.

Table 3
Allowable loads [P1], [P:] and [P3] that do not lead to the mutual displacement of fracture points
by more than 1 mm when fixing the fracture by different types of plates
Plate 2M Plate 3M Plate 4M
[PILN | [P N [Ps], N [P, N [P.], N [P3], N [P, N [P.], N [P3], N
0 9.50 0 5.49 0 20.89
0 40.0 8.56 0 40.0 5.09 0 40.0 19.90
80.0 4.75 80.0 3.61 100.0 13.44
92.4 0 105.9 0 130.2 0
0 8.28 0 4.76 0 19.98
20.0 6.79 20.0 4.00 30.0 17.94
60 40.0 3.88 40 40.0 2.68 60 60.0 14.07
48.1 0 53.5 0 94.2 0
0 7.20 0 3.64 0 18.23
10.0 6.21 10.0 2.97 20.0 16.16
80 20.0 4.81 60 20.0 1.95 100 40.0 13.03
33.0 0 27.0 0 69.1 0
122.6 0 0 80.1 0 0 203.7 0 0

Note: Calculations of allowable loads are made provided that the force Ps acts at a distance of e3 = 150 mm from the longitudinal
axis of the tibia bone (lateral loading on the distal region of the 1st metatarsal bone).

The allowable loads calculated by condition (18) using the allowable angle of mutual rotation of the fracture parts
at [G] = 3° had significantly larger values. Because the values of loads (Table 3) calculated through the allowable linear
displacements under condition (17) were selected as valid ones.

For clarity, the data in table 3 is presented in the form of three-dimensional diagrams (limit regions) that limit the
areas of allowable loads. Any point under each of the surfaces corresponds to three values of loads P;, P,, and Ps, the
joint action of which leads to the occurrence of displacements and angles of rotation of fracture parts exceeding
allowable: [A] < Imm and [G] < 3°.

If the point belongs to the surface, then this combination of P;, P,, and P; causes a displacement of [A] = Imm.
In the case where the point is beyond the limiting surface, such a combination of loads is dangerous, with the
displacement of the fracture point A > 1 mm away from the plate.

Fig. 4. Areas of allowable loads [P1], [P2] and [P3] that do not lead to physiologically
dangerous displacements greater than [A] = 1 mm
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It should be noted that the reduced displacements (see Table 2) were determined experimentally on full-scale
bone specimens with simulated diastase fractures not filled with bone regenerate. This fracture state corresponds only to
the initial stages of fusion, when the regenerate is absent or the mechanical properties do not affect the deformation
(displacement) of the fracture points under the influence of physiological loads.

Therefore, the values of allowable loads (see Table 3), calculated using these reduced displacements, also
correspond only to the initial condition of the bone regenerate. To determine the allowable loads for later stages of
fracture fusion, it is necessary to know the kinetics of changes in the deformation properties of bone tissue in the
fracture region during its regeneration.

Conclusions

1. The criterion ratios obtained for calculating load levels that do not cause unacceptable displacements and
mutual rotations of fracture parts. The coefficients required for the calculations (displacements are given)
are determined by simple tests at separate loads by compressing, bending, and torsion of bone samples with simulated
fractures and fixation means.

2. Using displacement data obtained for simple types of loads (compression, bending, torsion), displacements
for three types of plates for fixing tibial fractures are calculated.

3. For set reduced displacements, the levels of allowable loads at the combined action of compression, bending
and torsion are calculated, and the areas of allowable loads application are determined. Under the acting of these
allowable loads, linear and angular displacements in fractures will be within physiologically justified values (mutual
displacement within 1 mm, rotation angle within 3°).
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IIpocTpancTrBenHoe gedopmupoBanme cucrteMm ocrteocunresa. Coodmenne 1.
Kpurepun GpyHKUMOHAIBLHON HAEKHOCTH

H. C. lupaoscknii, M. M. JIbimanb, A. I1. 3axoBaiiko, T. H. OMeabuyenko

Annomayun. Ha ocrnose 5KcnepumeHmanbHulX UCCLe008aHUL NPeONioNCeHO AHANUMUYECKU CNnOoco6 OYeHKU (QYHKYUOHANbHOU
Ha0edNCHoCcmu  cucmem ocmeocurnmesd. Kax Kpumepuu scecmkocmu cucmem OCMeOCUHme3d UCHOTb308AHO NepeMeuerus u
83aUMHbIE NOBOPOMbL HACME NEPENoMO8 Kocmeil co cpedcmeamu ukcayuu. Xapakmepucmuku cucmemst “KOCnb ¢ Nepeiomom -
cpedcmeo uxcayuu”, Heobxooumbvle 015 pacyemos, onpeoeneHtvie IKCNEPUMEHMATbHO OMOENbHbIX HAZPY30K CoHCAmus, useuba u
KpyueHus oopasyos Kocmeti ¢ MOOCAUPOBAHHBIMU NEPETOMAMU U CUCEMAMU uKcayuu.

Onpedenenbl Xapakmepucmuku niacmun o QuKcayuu nepeiomos 60avuiedepyosoll Kocmetl, paccuumaio yposHu OOnyCmMUMblX
HA2PY30K NPU COBMECMHBIX OCUCMEUAX CHCAMUsL, U32Uda U KpyueHue, onpeoenenvl 001acmu 0elicmeus OOnYCmumMbIX Hazpy3oK.
IIpeonodcennvie Kpumepuu @OYHKYUOHATLHOU HAOEHCHOCU OaiOm  8O3MONMCHOCHL € NOMOWBIO NPOCMbIX  UCNBIMAHUL U
AHATUMUYECKUX PACYemos Onpedeisims OONyCmumble YPOGHU HASPY30K, KOMOpbvle He NPUsoosam K 603HUKHOBEHUIO ONACHbIX
nepemewjenuli 8 oonacmu nepenoma.

Knrouesvie cnosa: ocmeocunmes, bonvuiebepyosas Kocmv, (DYHKYUOHATbHASL HAOEHCHOCHb, KPUMEPUU IHCECIKOCU, CMeUeHUs.
uacmeti nepenoma, TuHelHble nepemMeujeHus, 83aUMHbLe Y2lbl NOBOPOMA.

IIpocropose nepopmyBannsa cucrem ocreocunresy. [loBinomiienns 1.
Kpurepii pyHkuionaabHol HaAIiTHOCTI

M. C. Hluanoscbkuii, M. M. lumanb, O. I1. 3axoBaiiko, T. M. OMeJibueHKO

Anomauia. Ha ocnosi excnepumenmanbHux 00cniodicetb 3anponoHo8ano aHaiimuuHull cnocié oyinku QyHkyionanvHoi Haoitinocmi
cucmem ocmeocunmesy. Ak kpumepii dcopcmkocmi cucmem 0CmMeoCUHmesy UKOPUCIAHO NepeMiujeHHs ma 63AEMHI NOGOPOmU
yacmum nepenomie Kicmok 3 sacobamu ixcayii. Xapaxmepucmuxu cucmemu “‘xicmka 3 nepenomom - 3aci6 gixcayii’”’, HeoOXioHi
01 PO3PAXYHKIG, GUZHAUEHI eKCHepUMEHMANbHO 34 OKPeMUX HABAHMADJICEHb CMUCKOM, 32UHOM MA KpY4eHHAM 3pa3Ki@ KICMOK
3 MOOENbOBAHUMU NEPeNoMamu ma 3acobamu gixcayii.

Busnaueni xapaxmepucmuku niacmumn Ons  Qikcayii nepenomie 8eiuKO2OMIIKOGUX KiCMOK, pO3PAXO6AHO PIGHI OONYCMUMUX
HABAHMANCEHb 30 CYMICHOI Oil CIUCKY, 3eUHY ma KpyYeHHs | gusHaueni ooaacmi 0ii 00nyCmumMux Ha8aHmMadxiceHbs.

3anpononosani kpumepii QYHKYiOHATLHOI HAOIUHOCIT 0AIOMb MONACIUBICMb 3A OONOMO20I0 NPOCMUX UNPOOYBAHL MA AHATTMUYHUX
PO3DAXyHKI6 usHauamu OONYCMuMi pi6Hi HABAHMAdICeHb, AKI He NPU3B00sIMb 00 BUHUKHEHHS Hebe3neunux nepemiujenv 6 ooracmi
nepenomy.

Kniouosi cnosa: ocmeocunmes, 6enuxoeominkoea Kicmka, QyHKYIOHAIbHA HAOIUHICMb, KpUMEPIi JHCOPCMKOCI, 3MIUeHHsT YACMUH
nepenomy, JHiliHI nepemienHs, 63AEMHI Kymu NOBOPOM).

References

1. Ahmedov, B.A., Tihilov, R M. and Ataev, A.R. (2007), Osteosintez plastinami s uglovoy stabilnostyu vintov v lechenii ognestrelnyih
perelomov dlinnyih kostey konechnostey, Travmatologiya i ortopediya Rossii, vol. 44, no. 2, pp. 17-23.

2. Bilinskiy, P.I., Chaplinskiy, V.P. and Andreychin, V.A. (2013), Teoreticheskiy analiz biomehanicheskih aspektov osteosinteza pri kosom
perelome bolshebertsovoy kosti kontaktnyimi i malokontaktnyimi plastinami (soobschenie vtoroe),7ravma, vol. 14, no. 4, pp. 51-56.

3. Gayko, G.V., Korzh, M.O., Kalashnikov, A.V. ta In. (2007), Analiz stanu travmatologo-ortopedichnoyi dopomogi naselennyu UkraYini v
2004 — 2005 1., Dovid, K. Volya.

4. Adrianov, M.V., Kokurnikov, V.N. and El Samad Abdul Mohamed, (1997), Opyit primeneniya implantiruemyih sterzhnevyih apparatov
sistemyi A.I. Bliskunova, Novoe v ortopedii, travmatologii i kombustiologii, Yalta, pp. 26-27.

5. Beydik, O.V., Levchenko, K.K. and Troshkin, Yu.V. (2009), Metod sterzhnevogo chreskostnogo osteosinteza v lechenii diafizarnyih
perelomov kostey goleni, Geniy ortopedii, no. 4. pp. 114-120.

6. Tonin, M.S. (2009), Biomechanical systems of osteosynthesis in the treatment of clavicle fractures : Author’s thesis [Biomehanicheskie
sistemyi osteosinteza pri lechenii perelomov klyuchitsyi : avtoref. dis. kand. phys-mat. nauk], Saratov, Russian.

7. Gutsulyak, V.I., Sulima, V.S. and Shibel, I.V. (2014), Biomehanichne obgruntuvannya klinichnogo zastosuvannya universalnogo aparata z
adaptatsieyu formi opor do anatomichnoyi konflguratsiyi segmenta kintsivki, Zhurnal Travma, vol. 15, no. 6, pp. 65-71.

8. Shidlovskiy, M.S., Zahovayko, O.P.and Diman, M.M. (2018), Deformatsiyni kriteriyi funktsionalnoyi nadiynosti sistem osteosintezu, V kn.:

Materiali mizhnarodnoyi naukovo - tehnichnoyi konferentsiyi “Progresivna tehnika, tehnologiya ta inzhenerna osvita”, 19 - 22 chervnya,
Kyiv, Ukraina, pp. 55-58.
. Shidlovskogo, M.S. and Lakshi, A.M., Za red. (2017), Eksperimentalni doslidzhennya zasobiv osteosintezu, Kol. Avtoriv, K.: Lenvit,

10. Shidlovskiy, M.S., Zahovayko, O.P. and Diman, M.M. (2017), Patent na korisnu model # 117085 SposIb viznachennya zmischennya
ulamkiv kistok v mistsyah perelomiv. 12.06.2017, Byul. # 11,.

11. Shidlovskiy, M.S., Zahovayko, O.P. and Diman, M.M. (2017), Porivnyalni pokazniki nadiynosti sistem osteosintezu, Biomedichna
Inzheneriya, no. 4, pp. 96—100.

12. Bur’yanov, O.A., Shidlovskiy, M.S., Omelchenko, T.M., Diman, M.M. and Musienko, O.S. (2017), Deformatsiyni harakteristiki sistem
fiksatsiyi, scho zastosovuyutsya pri perelomah ta korektslynih osteotomiyah distalnogo vIddIlu velikogomilkovoyi kistki, Litopis
travmatologiyi ta ortopediyi, no. 1-2(35-36), pp. 129-133, http://nbuv.gov.ua/UJRN/Lto_2017_1-2 29

13. Diman, M.M. (2018), Doslidzhennya biomehanichnih harakteristik zasobiv fiksatsiyi perelomlv kistok kintsivok, V kn.: Materiali
mizhnarodnoyi naukovo - tehnichnoyi konferentsiyi “Progresivna tehnika, tehnologiya ta inzhenerna osvita”, 19-22 chervnya, Kyiv,
Ukraina, pp. 48-51.

14. Shidlovskiy, M.S., Diman, M.M. and Omelchenko, T.M. (2017), Deformatsiyni harakteristiki sistem flksatsiyi perelomiv velikogomilkovih
kistok, V kn.: Materiali HVIII mizhnarodnoyi naukovo - tehnichnoyi konferentsiyi “Progresivna tehnika, tehnologiya ta inzhenerna osvita”,
29 chervnya, 1 lipnya, Kyiv, Ukraina, pp. 64—66.

37





