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AxkTyanbHoOCTh. JlnaduzapHsiec BHe-
CyCTaBHBIEC TIEPEIIOMBI OOJIBIIIEOEPIIOBON KOC-
TH 3aHUMAIOT BEIyIlee MECTO CPEeIU Tepero-
MOB JUIMHHBIX TpyOUyaTBIX KOCTEH CcKelera
yenoBeka. (8,1 — 36,6%).

Heas padorbl. C nmoMouip0 Marema-
TUYECKOTO aHajln3a TEOPETHYECKH OOOCHO-
BaTh METOJ| JAMHAMUYECKOTO HHTpaMEIyJuIs-
PHOTO OCTEOCHHTE3a Auapu3apHbIX MEepeso-
MOB 00JIBIIIEOEPIIOBON KOCTH C PUMEHEHHEM
OunoIerpaIupyroIKX OJIOKUPYIOMNUX BUHTOB.

3agauu. [lyrem nocrpoenus marema-
TUYECKOW MOJIENIA OIEHUTHh YPOBEHb HArpy3-
KM Ha OJIOKHPYIOIIMN OHOIerpaIupyrOIIHi
BUHT TNpH JUHAMHYECKOM HWHTpaMemyJuisip-
HOM OCTEOCHHTE3e Nuadu3apHBIX MMEePEIOMOB
00J1b111e0EPIIOBOI KOCTH.

Topicality Diaphyseal intra-articular
fractures of tibial bones take the leading place
among the fractures of the human skeleton’s
long bones (8.1 — 36.6%).

Aim of the research. Using
mathematical analysis, to ground
theoretically the method of dynamic IM
nailing of a tibial bone’s diaphyseal fractures
using biodegradable locking screws.

Tasks. To elaborate a mathematic
model to assess the level of loading on a
locking biodegradable screw, in case of
dynamic IM nailing of a tibial bone’s
diaphyseal fracture.
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Marepuanabl u MetToabl. Vccienosa-
HUE BBINOJHAJIOCH C UCIIOJIb30BAaHUEM aHAJIU-
TUYECKUX COOTHOIIEHUH  CONPOTHUBIICHUS
MaTepUaIOB U METOJOB CTPOUTEIBLHON U TEO-
PETUYECKON MEXAHUKH.

BeiBoa. PesynbraThl pacueToB IOKa-
3aJii, YTO B PACCMOTPEHHOW MOJENU Hamps-
JKEHUS B BUHTE CYIIECTBEHHO IPEBBIIIAIOT
npenea MPOYHOCTH MCIOJIb3YeMOTo MaTepu-
ana. OTo OOYCJIOBIEHO TEM, YTO pacyeTHas
MOJIeNIb  Tpejmnojarana ynop (parMeHToB
KOCTH TOJIbKO Ha BHUHT, U HE YUYUTHIBAJIOCH
onupanue (parMeHToB KOCTU JIpyT Ha JIpyra.
IIpu »TOM Qopmyna ans BBIYHCICHHUSA Ha-
NpsDKEHUN ToKa3ana, YTO OHM 3aBUCAT TOJIb-
KO OT AuamMeTrpa BuHTA. CienoBaTenbHO, PU
UCIOJIb30BAaHUU BHHTOB M3TOTOBJIEHHBIX W3
OuoerpaaupyoIIero MaTeprana, 3Has 3aKoOH
pPacTBOPUMOCTH, MOXHO YCTaHOBUTH CpPOKHU
paszpymenus. OnHako, OIpPENEIEHHE ATOrO
3aKOHa TpeOyeT BBIMOJHEHUS MHOXECTBA
AKCIEPUMEHTOB U SIBISETCS TPYAOEMKOM 3a-
Jaded, 4TO yKa3bIBaeT Ha HEOOXOAMMOCTh
NAJILHEHIINX UCCIICIOBaHNH.

KiroueBble cji0Ba: BHUHT, CTEpP)KEHb,
ycuiiue, HampspKeHHe, pacueTHas CXeMa,
OCTEOCHHTE3, OHOAErpaaupyroUInii mMaTepu-
aJ1, IPOYHOCTb.

AKTyalbHOCTH mnpodiemsbl. Jnadu-
3apHble (BHECYCTaBHBIC) MEPEIOMBI OOJIbIIIE-
cocrarisitor (8,1-36,6%)
CpeIu MepeoMOB UIMHHBIX TPyOUaThIX KOC-
teit [1, 2]. KoauuecTBO OCIOKHEHHI U Ha-
pYLIEHUI cpalleHusi mpu mnepeaomax O00b-
re6eprioBoit koctu gocturaet 25-40% [3].

OepIIoBOi KOCTH

3aKphITEIA OJIOKUPOBAHHBIM HWHTpame-
nyspabiii octeocunres (BMOC), Ha nan-
HBI MOMEHT I10 TIPaBy CUUTAETCS] OMTUMAITb-
HBIM METOJIOM JICYCHUS BHECYCTABHBIX Iepe-
J0MOB OoJbiedeprioBoit koctu [6,7]. s
KOHCOJTMJAIMKM  TIeperioMa
9TOOBI CHCTEMA KOCTh UMIUTAHTAT IpeObIBaIa
B TIOCTOSTHHOM JTWHAMHUYECKOM HaNpPsHKCHHH,

O4YC€Hb BaXHO

KOTOpOE€ 00eCIeYnBaeT MOCTOSHHBIA KOHTAKT

Materials and methods. The study
involved analytic interrelations of the
strength of materials and the methods of
building and theoretical mechanics.

Conclusions. Results of calculation
demonstrated that strains in a screw of the
studied model exceed reasonably the
maximum strength of the material applied.
The reason thereof is that the calculated
model stipulated fragments of a bone as
supported only by the screw, and didn’t
consider their mutual support. At that, the
equation for strains showed that they depend
only on the diameter of a screw.
Consequently, using the screws made of
biodegradable materials and being aware of
the law of dissolution one could distinguish
its  destruction time.  Although, the
interpretation of this law required multiple
experiments. This is a work-demanding task,
requiring further research.

Keywords: screw, nail, tension,
strain, calculation scheme, osteosynthesis,
biodegradable material, strength.

The topicality of the problem.
Diaphyseal (intra-articular) fractures of a
tibial bone make 8.1-36.6% of the total
amount of tubular bones’ fractures [1, 2]. The
number of complications and malunions after
tibial bone fractures reach 25-40% [3].

Closed intramedullary osteosynthesis
(IM nailing) is now considered to be the
proper method for the treatment of tibial
intraarticular fractures [6, 7]. For fracture
union, it is important that that the bone and
implant system remain in constant dynamic
strain to ensure constant contact between the
fracture’s fragments. In case of slow
consolidation of a fracture, dynamization is
required to create a closer contract between
fragments of a bone. In case of slow
consolidation of a fracture, to create a tighter
contact between the fragments, a surgical
dynamization of the fragments can be
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MKy (parMeHTamu mnepernoma. B ciyuae
3aMEJICHHON KOHCOJIMIALUK IepesioMa st
co3manusi 0oJee MIOTHOrO KOHTAKTa MEXIY
KOCTHBIMH OTJIOMKaMH, BO3HHKAaeT HE00XO-
JMMOCTh B BBITIOJIHCHUW OTEpAIH 10 TUHA-
mu3aiu  nepeioma. OHa 3aKiIOYacTcs B
yIaJeHUH OJIOKUPYIOIIEro BUHTA U3 CTaTHYe-
CKoro (Kpyriioro) oTBepcTHs. OTO HaéT BO-
3MOYKHOCTh BHUHTY, B OBaJbHOM OTBEPCTHH,
CMEIATHCS ¥ MO3BOJISIET MEPEMEIAThCsI KOC-
THBIM OTJIOMKaM, YTO COXPAHSET MX IOJIHBIN
KOHTAakT [5]. OTCyTCTBHE KOHTaKTa MEKIY
KOCTHBIMH (pparMEHTaMH B COYCTAaHUM C Ha-
IPY3KOM Ha TPaBMHUPOBAaHHBIA CETMEHT, MO-
’KET MPHUBECTH K TAKUM IOCIICONECPAUHOHHBIM
npobyieMaM Kak TepesioM BHUHTOB (camo.u-
HAMM3AIUs), MHTpAIMsS BHUHTOB, TEPEIOM

MTAPTOB, BOCHAIMTEIbHBIC OCIOKHCHU,
3aMeUIEHHYIO0 KOHCOJIMIAIMIO M HE cparle-
Hus [3,4].

VYay4qmuTe pe3ynbTaThl JICUEHUs Ta-
IIMEHTOB C BHECYCTaBHBIMHU IE€pEIIOMaMH
60b11e0epIIOBON KOCTH, MOYKHO ITyTeM Ipu-
MEHEHUS] BUHTOB, U3TOTOBJIEHHBIX U3 OHoje-
rpagupytommx marepuasnoB. CyTb 3TUX Ma-
TEPHUAJIOB 3aKJIFOYAETCS B TOM, YTO CO BpeMe-
HEM, CHUKAIOTCS WX MPOYHOCTHBIC XapakTe-
puctuku. Takum oOpaszom, OUOAErpagupyro-
I[1i€ BUHTHI MOCJIE OMNPEACIEHHOTO BpPEMEHU
MpU UX HArpyXEHUU MOTYT OBITH CIOMaHbl,
T.€. JaayT BO3MOXKHOCTH BBHITIOJTHEHUS JTUHA-
MU3alUK TIepesioMa B 3aJlaHHble cpoku. Hc-
MOJIb30BAHUE YKA3aHHBIX BUHTOB IOMOKET
n30€KaTh Omepanuy 1Mo U3BJICYCHUIO OJIOKHU-
PYIOILIEr0 BHUHTA, a TaKXE€ YMEHBIIUTH PHUCK
3aMEUICHHOH KOHCOJHMIALMK TiepeloMa |
COIYTCTBYIOIIUX €MY OCJIOKHEHUI.

ens paboteli. C momoIp Marema-
TUYECKOTO aHajan3a TEOPETHYECKH OOOCHO-
BaTh METOJ| JMHAMUYECKOTO HHTpaMeIyJuIs-
PHOTO OCTEOCHHTE3a Auapu3apHbIX MEepeso-
MOB 00JIBIIIEOEPIIOBON KOCTH C PUMEHEHHEM
OuoerpaIupyOMUX OJIOKHPYIOIINX BUHTOB.

Marepuaasl U Metoabl. Vccrnenosa-
HUE BBITIOJIHAJIOCH C HCIOIb30BaHUEM aHAJIN-
TUYECKUX COOTHOILIEHUH  CONMPOTUBICHUS

required. It means that a locking screw must
be removed from a static (round) hole, to
make a screw in an oval hole able to move.
Thus, the bone fragments can move,
preserving complete contact [5]. The lack of
contact between the oblique fragments,
combined with loading on the injured
segment could lead to such post-surgical
problems as breakage of a screw (self-
dynamization), migration of screws, nail
breakage, inflammations, slow consolidations
and non-unions [3, 4].

To improve outcomes of the patients
with extra-articular fractures of tibia one can
use screws made of biodegradable materials.
The essence thereof is that their stiffness
decrease after a certain period. In such a way,
the biodegradable screw loaded can break
after a certain period of time, i.e. generate a
possibility of fracture dynamization in a
predetermined time. The use of such screws
eliminates the need to carry out an additional
surgical operation to remove a locking screw.
So, it decreases risks of slow consolidation of
a fracture and concomitant complications.

The task of the study. Using
mathematical analysis, to ground
theoretically the method of dynamic IM
nailing of diaphyseal fractures of a tibia with
biodegradable locking screws.

Materials and methods. The study
was performed based on the analytical
interrelation of materials resistance and
methods of building mechanics. The
calculated scheme was based on X-ray
images of the implanted nails and screws.

The axes of a screw and nail in the
considered system were assumed to be
mutually orthogonal.
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MaTEpUAIOB U METOJO0B CTPOUTEIBLHOU U TEO-
perudeckoi MexaHuku. Iloctpoenue pacuer-
HOM CXEMBI OCHOBBIBAJIOCH HAa PEHTICHOIpa-
MMax yCTaHOBJICHHBIX CTEP>KHEH U BUHTOB.

B paccmarpuBaembIx cuctemax (Quk-
callMM OCb BHHTA M OCb CTEP)KHA IpEAIoJia-
TaJINCh B3aMMHOOpPTOroHadbHbIMM. IIpenro-
JIarajioch, 4TO OCh KOCTH, OCb CTEPKHA H,
CJIEI0BATEIILHO, BEKTOP HArpy3KU COBIALAIIH
¢ BepTuKasbHOU ochio. (puc. 1, a,0)

a) a)

The axes of a bone, a nail, and,
consequently, the load vector were supposed
to coincide with the vertical axis (Fig. 1 a,b).

NN

6) b)

Puc. 1. Cxema nepesnoma 6osbmedepuoBoii koctu u ero ¢puxcanusi BUOC (a), pacnpe-
aejeHue Harpy3ok Mexay Bunramu npu BUOC (6)
Fig.1. The scheme of a tibial fracture fixed with IM nailing (a), distribution of load on the

screws in IM nailing

B kadectBe OCHOBHOTO OOBEKTa
UCCIICIOBAHUS PACCMATPUBAJICS MPOKCHMA-
nbHbIA BUHT. Harpyska (F) Ha BuHT nepenae-
TCsI OT Beca 4YesioBeKa uepe3 Kpasi Koctu (Ko-
pTHKajbHas TkaHb). Omopa 3TOro BHUHTA
OCYIIECTBIISIETCS Ha IITUQPT, OT KOTOPOTO
Bo3HHKaeT peakius (R) BCIeaCTBHE OMOPHI
mrrudta Ha HKHUER BUHT (puc. 1, 6). Ha puc.
2 TIOKa3aH BUJ B pa3pe3e KOCTH ¢ (pukcanuein
BUHTOM H mTudTOM. Takas cxema Harpyxe-
HUSI BUHTa COOTBETCTBYET OajKe OMEepTOi 1O
KpasiM C Harpy3Ko#, MpHIIOKEHHOU mocepe-
JUHE. YUUThIBas pasHULy B CBOMCTBAX Mare-
puana BUHTAa M KOPTHKAIbHOW KOCTH, Oaiika
npeanonarajiach IMapHUpHo-oniepTor. [lpu

pacducTax HUCI0JIb30BaINCh I[Gf/iCTBPITGJ'IBHBIG

A proximal screw has been taken as a
basic object of the study. The load (F) on the
screw is transmitted from the weight of a
human through the bone edges (cortical
tissue). This screw is supported by a nail,
which causes a reaction (R) due to the
support of the nail by a lower screw (Fig. 1,
b). In Fig.2, there is a section of a bone fixed
with a screw and a nail. This scheme of
loading on a screw corresponds to a beam
supported on the edges with a load applied in
the middle. Considering the difference in
properties of the materials of a screw and
cortical bone, the beam was taken as a hinged
beam. For calculations, we used actual
dimensions of a screw: the length — 36 mm,
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pasMepbl BUHTA: JIJTHHA — 36 MM, AUaMeTp — 5
MM. B cBoto ouepens, niuuHa Oanku, KOTopas
VUUTHIBAIACH TPU BBIYHCICHUSX, OMPEICIs-
Jach MO pa3Mepy MOIMEePEeUHOro CeYSHHS KOC-
TH B MECTE YCTaHOBKH BUHTA. C y4eToMm TOro,
YTO BHEIIHUU JUAMETP KOCTU OKOJIO 36 MM,
BHyTpeHHUH — 30 MM, pacuéTHas quHa Oa-
KU cocTaBuaa 33 MM. OHU3HKO-MEXaHUYECKHUE
CBO¥CTBa 0AJIKM COOTBETCTBOBAJIM CBOHCTBAM
cuaa MC-10, u3 KOTOpOTO H3rOTaBJIH-
BaIOTCSI OMOJIETPAANPYIOIINE BUHTHI: MOIYIh
IOnra E= 43 I'Tla, ko3¢ ¢punuent [lyaccona v
= 0.25. Ilpenen KpaTKOBPEMEHHOH MPOYHOC-
ta: oB = 235 MIlla. KoprukanbHblii cIoi
paccMaTpuBajCs B BHJIIE ONOpP, MOITOMY €ro
CBOICTBa HE NPHHUMAINCH BO BHHMAaHHE.
CrioHrno3Hasi TKaHb HE y4YWTBHIBalIach BOOO-
1e.

diameter — 5 mm. In turn, the length of a
conditional beam taken for calculations has
been defined according to the size of the
cross-section of a bone in place of the
inserted screw. Taking into account, that a
bone’s external diameter is approximately 36
mm, internal — 30 mm, the effective length of
a beam makes 33 mm. Physical-mechanical
features of the beam complied with the same
of the alloy MC-10 used to produce
biodegradable screws: Young’s module E=
43 GPa, Poisson’s index v = 0.25. The limit
of short-time strength: o8 = 235 MPa. The
cortical layers have been construed as
supports, thus their features haven’t been
taken into account. The cancellous tissue has
not been considered.

L

7N
I/

Jb

Puc. 2. Bua koctu B pa3pese B MecTe GUKCANNH BUHTOM
Fig.2. Cross-section of a bone fixed with a screw

Harpy3ka Ha BUHT nepenaBanach IO
IJIOIIAJIKE, KOTOpas paBHSJIACh pa3Mepy Io-
MEepPEeYHOro ceueHus: mrudra. YIuteiBas Mu-
HUMAJILHOCTBh 3TOTO pa3Mepa, 10 CPaBHEHUIO
c oOmel MIMHOW BWHTA, HArpyska 3ajiaBa-
Jlach B BHUJIE€ COCPENOTOUYCHHOW CHIIbI. Benu-
yrHa Harpy3ku passsiiachk 80 xr uiau 800 H,
YTO COOTBETCTBYET BECY B3pPOCIIOrO YeJOBE-
Ka.

The loading on the screw passes along
with a site equal to the cross-section of a nail.
As the site is minimal compared to the
screw's complete length, we regarded the load
as a concentrated force. The value of the
loading was 80 kg or 800 N, mean weight of
an adult. The described design model of a
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OmnncanHas pacyeTHasi CXeMa BUHTA COOTBET-
Oanke Kpy-
IJIOTO0 TIONIEPEYHOT0 CEUEHUs], HarpyKeHHOU

CTBYET IIAPHUPHO-OIIEPTOU

IIOCEPEINHE CUIION MEPICHIUKYIIIPHOM K OCU
6anku (Puc. 3, a).

F=800H

R=400H R=400H

F3mm
a)

Puc. 3. PacyeTrHas cxeMa BHHTA
Fig. 3. Design model of a screw

C 2TOl TOYKM 3peHHs, OAIKy MOYKHO
paccMaTpuBath KaK CTaTUYECKHU-
onpenenumyo (Puc. 3, 0), T.e. Taky, perie-
HUE KOTOPOM MOKET OBITh IMOJY4YEHO C IIO-
MONIbIO ypaBHEHUM paBHOBECHUS. 37IE€Ch
clenyeT 3aMETUTh, YTO UCCIIEI0OBAaHNE MPOY-
HOCTHU BBINIOJHSETCS MO HauOoliee Hamps-
JKEHHOM TOYKE — ONACHOW TOYKM B OIIACHOM
cedyeHMU. OmacHbIM Ha3bIBAIOT CEYEHUE, B
KOTOPOM HAaIIpSKEHUs, BbI3bIBa€MbIE JCil-
CTBHUEM BHEIIHUX YCWJIMM, MAKCUMAJIbHBI.

Pesynbratel uW  uX  oOcCyXIeHHE.
HccnenoBanue mpoyHOCTH OamKé BBIMONHS-
Jochk Mo Hambojee HampsDKEHHOM Touke —
ONaCHOM TOYKM B OmacHoM cedyeHuu. Omnac-
HbIM HAa3bIBAIOT CEYEHHUE, B KOTOPOM HaIpsi-
JKEHUs, BBI3bIBAEMBbIE JCHCTBUEM BHELIHUX
yCWJINW, MakcuMalibHbl. JlJisi ero ompenene-
Hus npu I ctpownncs 3mopsl nonepey-
HBIX CHJI U U3TUOAIONINX MOMEHTOB IO JJTUHE
OaJkm.

Tak Kak BUHT MOJEIUPOBAJICS B BUIE
CTaTMYECKU OMNpEeNeIuMoN Oanku, TO Ui
HAXOJICHUs OIOPHBIX PEAaKIUi B HEU UCIIO-
JIB3YIOTCS  ypaBHEHUs cTaTuku. OJHako,
YUHUTBIBAsE CHMMETPHIO paccMaTpUBaeMoOu
0asku, MOXKHO CKa3aTh, YTO OIMOPHBIC Peak-
UM PaBHbI MEXAY COOOM U COOTBETCTBYIOT
MOJIOBUHE TMPUIIOKEHHOW Harpy3ku, T. €.
R=F/2=400 H. [danee mis moCTpOCHUS SITIOP
OasKy 1o JyIMHE pa3OuBaJId HA yYaCTKH:

screw corresponds to a round cross-section
hinged beam loaded in the middle perpendic-
ularly to the axis thereof (Fig.3a).

F=800H

R=400H R=400H

S3mm
0)

From this point of view, the beam
could be recognized as a statistically determi-
nate one (Fig.3b), i.e. available for a solution
with equilibrium relations. It is worth to men-
tion that we studied the strength in the most
strained point — a critical point in a critical
section. Critical is the section, where the
strains caused by the external efforts are the
biggest.

Results and discussion. The study of
strength of a beam was carried out in its most
strained point — a critical point of a critical
section. Critical is the section, where the
strain caused by external efforts is the big-
gest. To determine it, we built shear diagrams
and bending-moment diagrams along the
beam.

Since the screw has been regarded as
a statistically defined beam, static equations
shall be used to find support reactions therein.
Although considering symmetric of the beam
being considered, one can declare that the
bearing reactions are mutually similar and
equal to half of the loading applied, i.e.
R=F/2=400 H. For the stress diagrams, the
beam has been divided into sections length-
wise:
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- IIEPBBIM y4aCTOK — OT HaYaJia JI0 ce-
penunbl 6aaku (ot 0 1o 16,5 Mm);

- BTOPOM y4aCTOK — OT CEPEAMHBI JI0
koHia 6anku (ot 16,5 MM 10 33 Mm).

3areM, Ha KaXJIOM U3 YYacCTKOB 3a-
[UCHIBAJIMCh  AHAIMTHYCCKAE  BBIPAKCHHS
BHYTPEHHHMX YCHJIMH U BBIYMCISUTUCH MX Be-

JIMYUHBI.

| yaactok / 1% section:

Q(x) =R =400H;

M (X) = Rxx;

M (0) =0;

M (0.0165) = 6.6 H xm.

Il yaactox / 2" section:
Q(x)=R-F =-400 H;

M (X) = Rxx - Fx(x -0.0165);
M (0.0165) = 6.6 H *m;

M (0.033) = 0.

[To pe3ynbTaTam BBINIOJIHEHHBIX pacye-
TOB CTPOWJIUCH AMIOPHI MOMEPEYHOU CUJIBI U
usrubaromero momenTa. Ha puc. 4 mokazaHbl
SMIOPHl BHYTPEHHHUX YCWIMKM MO JJIUHE Oai-
KH.

IlonoxeHne omacHOM TOYKH 3aBUCHUT
oT Tuma nedopmaiuu, BUAA HANPSOHKEHUS M
ThNa ceyeHus. B naHHOM 3amade paccmaTpu-
BaeTCcs IUIOCKUH IONepeyHbld M3rud, mnpu
KOTOPOM OCHOBHBIM BHYTPEHHUM YCHUJIHEM,
BIIMAIONIMM Ha NPOYHOCTb, SIBJISAECTCS WU3TU-
Oaroruii MomeHT. [lpu 3TOM, M3THOArOIIHIT
MOMEHT — 3TO PaBHOJEHCTBYIOIIAs HOpMAaJIb-
HBIX HalPsKEHUH.

- the first section — from the beginning
to the middle of the beam (from 0 to
16.5mm);

- the second section — from the middle
to the end of the beam (from 16.5mm to
33mm).

Then we wrote analytical expressions of
the internal efforts and calculated values
thereof for each section.

By the results of calculations, we
elaborated shear diagrams and bending
moment diagrams. The diagram of internal
force distribution along the beam is provided
in Fig.4.

The place of the critical point depends
on the deformation type, type of strain, and
type of section. In such a task, we consider a
flat transverse bending with its bending
moment being the main internal force
affecting strength. At that, the bending
moment is a resultant of the normal strains.
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F=800H
R=400H R=400H
4|. I3pm 4|,
3ntopa nonepeyHbix cun Q (H)
400 400
400 400
Ontopa usrmbatowmx momertoB M (H-m)
66
Puc. 4. Dnopbl BHYTPEHHUX yCHIIUH
Fig. 4. Internal force distribution diagram
VYuuTeiBas, 4TO paccMarpuBaemMasi 6aj- Taking into account, that the

Ka MOJIEJIMPYeT BUHT, TO CE€UYEHHE Mpe/rnoa-
raerca KpyribiM. OmacHasi TOYKa Takoro ce-
YEHHsI PACIIOJIOKEHA Ha ero KOHTYpe — Mak-
CUMaJbHO ynajneHa ot ocu Oamku. Ha puc. 5
MoKa3zaHa XapakTepHas JIopa pacrpeaene-
HUS. HOPMAJIBHBIX HANpPSHKEHUH B KPYTIOM
CCYCHUMU.

st ompenenceHUs BEIHMYWHBI MaKCH-
MaJbHOI'O HANpPSDKEHUs, UCTIOIb3yeM (hopmy-
Jy BBIYMCICHUS HOPMAIbHBIX HaIpsHKEHUN
nipu [T

M
s, :Txy,

z

rae. M — 3HayeHue U3rhOaroIEero MOMEHTA
B pacCMaTpUBAEMOM CEUYCHHH,
|

, — OCEBOM MOMEHT MHEPLIUU CEUEHUS,

Y — KOOpJIMHATa TOYKU CEYEHUS, B KOTOPOH

ONPCACIAOTCA HAITPSKCHU.

considered beam simulates a screw, its cross-
section is taken as round. The critical point of
such a section lais on its outline i.e. is
maximum remote from the axis of the beam.
Fig.5 demonstrates a typical stress diagram of
normal strain distribution in a round section.

To define the value of maximum strain,
we apply the equation for the normal strains
in PPI:

M
s, :Txy,

z

where: M - the value of the bending mo-
ment in the section;
I, —axil moment of inertia;

y — coordinate of the cross-section point, for
which the strains are calculated.
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3nopa HopManbHbIX HaNPsXKeHUn G

y ¥

N\
N

Puc. 5. Dnopa HopMaJbLHBIX HANPSIKEHUI B TONEPEYHOM CeYeHUH
Fig. 5. Stress diagram of normal strains in the cross-section

CrnenoBarenbHO, S, 3aBHCUT OT KOOp-
TUHATHl Y W MakCUMajbHas BEJIWYMHA JIOC-

TUTaeTCA PH Y = Y,

S

zmax — 7Xymax’
Iz

rie. Y,.x — PACCTOSHME OT HEUTPAIBHOMN OCH

m0 Kpas cedeHMs (B JaHHOM Ciydae
Yoax = N/2).
OtHomenue ‘- =W,  Ha3BpIBaIOT
ymax

0CeBbIM MOMEHTOM CONPOTHBJICHHS ceYe-
HMA. OTa BEJIMYMHA XapaKTEPU3YET BIUSHUE
(GopMBI ¥ pa3MepoB MONEPEYHOTO CEUCHHS Ha
BEJINYUHY HAINPSKEHUH.

Torna ¢opmyna 1ist onpeeneHus Mak-
CUMAaJIbHOTO HOPMAJIBHOTO HAIIPSDKEHUs B
IIPOU3BOJBHOM CEYCHUH UMEET BUJ:

=M
W

z

S

Zmax

Jnst ceyeHuid Kpyrioi (opmbl 0CEBOM
MOMEHT CONPOTHBIICHUS ONPEACIACTCS KaK:

3
w, =2
32
[ToacraBnsist 3T0 BeIpaXkeHUe B GOpMy-
Iy WISl S, ., » TOTTyHaeM:
_ M«x32

zmax

pD*

Consequently, s, depends on the coor-
dinate y and its maximum value is achieved

if Y= Y.

S

Z max = Xymax’
IZ

where: y_.. — the distance from the neutral

axis to the edge of the cross-section (in our
case Y, =Nh/2).

Z

ymax

tion modulus. It describes the influence of
shape and size of the cross-section on the
value of the strains. Thus, the equation of the
maximum normal strain in an undefined
cross-section has the following appearance:
M
W,

For round sections, the section modulus
is described as

Interrelation

=W, is called a sec-

zmax

S

_pD’
z = 372 :
Applying this expression to the equation
for s, , we obtain:
_ M 132
zmax p?



¥

THE PROBLEMS OF TRAUMATOLOGY AND OSTEOSYNTHESIS Ne 4 (18) 2019

85

To ecTb HOpMaNbHOE HAIpPSDKEHHE 3a-
BUCHT OT M3THOAOIIET0 MOMEHTa B paccMmar-
pUBAaCMOM CCUCHUU U OT JUAMCETpPA CCUCHUA.
Tak kak Harpy3ka TOCTOSIHHas W, CJEI0Ba-
TEJIBHO, M3THOAIOIIMH MOMEHT HE HW3MeEHsie-
TCsl, HaINlpsDKEHUE OyJeT 3aBUCETh TOJIBKO OT
nuametrpa. [lpuuem, HampsokeHue OyaeT o0-
paTHO TPOMOPLMOHATBHO KyOy auamerpa
BUHTA.

C ydeTroM TOTO, 4TO HaWOOJBINNE Ha-
MMPAKCHUA H€06XOIII/IMO BBIYUCIUTH AJIA OIla-
CHOro ceyeHus, 1.e. ipu M =M . , 3Ty do-

pMyIly MOXKHO 3aIlCaTh B BUJE.
M. %32
pD?

[IpyuHrMas BO BHUMAHHUE 3MIOPY U3THU-
6aIOH_[I/IX MOMECHTOB, OIIaCHbBIM CUHTAEM CC-
YyeHWe B IIeHTpe Oalku, B KOTOPOM
M, . = 6,6 Hxm.

[oncrasnsas B popMyny sl Harpsbke-
HUH HCO6XO,I[I/IMI>Ie BCJIMYMHBI, I1I0JIyYacM.

6,6%32
== "= =5381 M.
3,14x0,005

IlonyyeHHas BelMYMHA HaAIpPSHKEHUU

S =

Zmax

Z max

MPEBBILIACT NPEAEN MPOYHOCTH cruraBa MJI-
10 B 2 pa3za. Ognako, 37ech cleayeT 3ame-
TUTh, YTO pacyeTHas MOJeJNb IpeJrosarana
onopy ¢parMeHTa KOCTH TOJbKO Ha BHHT.
ITpu 3TOM HE yUUTHIBAIOCH ONOPY (parMeH-
TOB KOCTH JIpYT Ha Apyra, 4To MpUBEIO Obl K
CHIDKEHHIO Harpy3KH Ha BUHT, U KaK CIEJICT-
BHE, K YMEHBIIECHUIO BEINYMHBI MaKCHUMaJIb-
HBIX HamnpspkeHud. Kpome Toro, He yuuThIBa-
JOCh U CpalleHue (parMeHTOB KOCTU MEXIY
coOOH, a Takke BIUSHHE OKPYKAIOLIMX
CTPYKTYp. YueT 3THX (PAKTOPOB BIIMSAET Ha
YCUJIMSI M HalpsDKEHUs B BUHTE, HO TpeOyer
IIOCTPOCHMSI APYIMX PacueTHBIX MOJENed U
IPUMEHEHHE CIEHUAIM3UPOBAHHBIX IPOTpa-
MMHBIX KOMIUIEKCOB.

Hence, normal strains in the consid-
ered cross-section depend on a bending mo-
ment and section diameter. The load is stable,
so the bending moment remains unchanged,
and the strain depends exclusively on diame-
ter. At that, the strain will be inversed to the
cube diameter of a screw.

Considering the fact that maximum
strains are to be calculated for the critical
cross-section, i.e. if M =M one can write

max !
down this equation as follows:
M, 132
pD°

Taking into account the stress diagram
of bending moments, we consider that the
cross-section in the center of the beam, where
M ... =6,6 Hxwu. isacritical one.

S =

Zmax

Applying this to the equation of the

strains, we get:
6,6x32

3,14x0,005°

The value of the strain obtained 2
times exceeds the maximum strength of the
alloy ML-10. Although, it must be mentioned
that the design model supposed that a frag-
ment of the bone is supported only by the
screws. At that, the mutual support of the
bone fragments was neglected, despite able to
reduce the load on the screw and decrease
consequently the value of the maximum
strain. Moreover, neither the union of the
bone fragments nor the effect of surrounding
structures was considered. These factors af-
fect forces and strains in the screw, but re-
quire different design models and specialized
software complexes.

=538,1 MIla.

zmax
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BoiBoabl. Pe3ynbTaTsl pacueToB MoKa-
3a]l4, YTO B PACCMOTPEHHOW MOJENH Hamps-
KEHUSI B BUHTE CYIIECTBEHHO IPEBBIIAIOT
Ipesea MPOYHOCTH MCIIOJIb3YEMOr0 MaTepu-
ana. JT0 OOYCIIOBIIEHO TEM, YTO pacyeTHas
MOJIeNIb  TIpeArnoaraina ymop (parmMeHToOB
KOCTH TOJIbKO Ha BHMHT, U HE YUHUTHIBAJIOCH
yrnop (parMeHToB KOCTH APYT Ha npyra. [lpu
3ToM (opmyra A BBIYMCIEHHUS HampsbKe-
HUHN TOKa3aja, 4TO OHM 3aBUCAT TOJIBKO OT
nuamerpa BUHTa. Cle10BaTENbHO, IPU UCIIO-
Jb30BaHUM BUHTOB  M3TOTOBJIEHHBIX U3
OuozerpaiupyIoIIero MaTepuaa, 3Has 3aK0H
pacTBOPUMOCTH, MOXXHO YCTaHOBUTH CpPOKHU
paspyuienust. OAHAKO, OMpPENEIeHUE 3TOTrOo
3aKOHa TpeOyeT BBIOJHEHUS MHOXECTBA
AKCIIEPUMEHTOB U SIBIISIETCS TPYJOEMKOU 3a-
Jaded, 4To yKa3blBaeT Ha HEOOXOIWMOCTb

NAIBHENIINX UCCIIETOBAHNM.
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Conclusions. The results of calcula-
tions demonstrated that strains in the consid-
ered screw exceed significantly the maximum
strength of the material applied. The explana-
tion is that the design model assumed support
of the bone fragments only by screws, ne-
glecting mutual support of the bone frag-
ments. At that, the formula for calculation of
the strains has shown that they depend only
on the diameter of a screw. Consequently,
using the screws made of biodegradable ma-
terial, and being aware of Dalton’s law, one
can ascertain the terms of degradation. Alt-
hough, learning this regularity demands many
experiments and is a significant task, requir-
ing further study.
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