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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Aim: In order to fulfill the purpose of biomechanical
substantiation for extrafocal pelvic osteosynthesis in
osteoporosis we studied the stress-strain state (SSS) of LEG
under conditions of external fixation by apparatuses with
cylindrical and conical rods.

Material and methods: Studies of the stress-strain state of
the lower extremity belt by the finite element method were
carried out under conditions of external fixation by devices
with cylindrical and conical rods. In the finite element method,
the approximate solution is constructed as a superposition
of approximating functions. At the first stage of solving the
problem, the object is divided into areas of a simpler form -
finite elements whose geometric dimensions are significantly
smaller than the dimensions of the entire biomechanical system.
Modern software systems generate finite elements of the grid
automatically using elements with triangular faces in most cases.
At the junctions of the elements (nodal points), the real stress
field is replaced by the action of forces and movements. The
type of finite elements is characterized by the number of nodes
and the degree of approximation of unknowns within the domain
and largely determines the accuracy of the resulting solution in
the finite element method. Various types of biological tissues
were taken into account in the conducted studies: compact and
spongy bone, cartilage tissue, intervertebral disc, ligaments.
In this study, the material was considered homogeneous and
isotropic. The main load is body weight. In the calculation, the
body weight was taken to be equal to 700 N. The geometric
model was built on the basis of tomographic sections of the
pelvis carried out through 0.5 — 1 cm for irregular zones. A
pelvis with rotationally unstable (type Bl according to AO
classification) damage after osteosynthesis by an external
fixation device was modeled in the variants of using cylindrical
and conical rods. Mises stresses were used to assess the stress
state. The resulting model consists of 75,845 finite elements and
has 132253 nodes. The construction of the geometric model was
carried out in the SolidWorks program. VAT calculations and
analysis were carried out in the ANSY'S program.

Results and Discussion: In the first variant of the study of
the pelvic model with normal bone tissue and cylindrical
rods, the calculation results showed that with a single support
standing (support on the left limb), the supporting side with
pronounced stress concentration zones in the sacroiliac joint,
the place of entry of the rod into the bone and in the area of
reducing the thickness of the iliac wing is more tense. Two
stress concentration zones are observed along the passage of the
rod. The most intense is the area of the screw entry into the bone
(18.5 MPa). There is also an area of increased stress at the site
of a decrease in the thickness of the iliac wing (8.1 MPa), where
the rod passes closest to the cortical layers. The calculation of
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the model using conical shaped rods showed that the nature of
the VAT distribution for the model as a whole has not changed,
and the stress state level has decreased. So, at the point of entry
of the screw into the bone, the value of the Mises stresses is 16.4
MPa, and at the point of reduction of the thickness of the iliac
bone — 6.3 MPa. It is worth noting that the area with an increased
stress state along the passage of a conical rod is smaller than for
a cylindrical one. In the second variant of the study for a pelvic
model with osteoporotic bone tissue, a comparative analysis of
VAT when using cylindrical rods of an external fixation device
showed that the general nature of the distribution of stresses
and deformations for the model as a whole did not change, but
the VAT level increased. At the point where the screws enter
the bone, it is 28.4 MPa, at the point where the thickness of the
iliac wing decreases — 9.1 MPa. The level of tension has also
increased throughout the "rod-bone" contact. A comparative
analysis of VAT for the variant of conical rods of the external
fixation apparatus and osteoporotic bone tissue showed that the
general nature of the VAT distribution for the model as a whole
has not changed, and the level of stress state has increased as
well as in the model with cylindrical screws. At the point where
the screws enter the bone, it is 26.5 MPa. At the site of the
reduction in the thickness of the iliac wing, the stress level is
7 MPa.

Conclusions: The use of conical shaped rods in the external
fixation device of the pelvis makes it possible to reduce the
level of stress-strain state both in the area of the entry of screws
into the bone and in the area of the thinnest part of the iliac
wing. For external osteosynthesis of the pelvis in polystructural
injuries, lowering the stress state when using conical rods
plays an important role, since the strength characteristics of
osteoporotic bone tissue are significantly lower than those of
normal. Thus, the use of conical rods in external pelvic fixation
devices improves the strength characteristics of the "pelvis —
rod" system, which makes it possible to recommend their testing
in clinical practice.

Key words. Osteoporosis, pelvis, external
mathematical justification, cylindrical or conical rod.

fixation,

Introduction.

Immobilization of the lower extremity girdle (LEG) is an
essential prerequisite for an effective treatment of polystructural
pelvic injuries (PPI). The selection criteria for the method of
stabilization of LEG should be reliability of fixation, speed,
and ease of use, since the process of operation should not
aggravate both the general condition of the injured person
and the course of the traumatic disease. Immobilization of the
lower extremity girdle In the acute phase of the injury these
requirements to the greatest extent are met by the method of
extrafocal osteosynthesis, which has become widespread
with polystructural pelvic injuries PPI [1-3]. But the fixing

6



properties of the rod devices depend on the risk of violation of
the structural and functional state of the bone tissue since the
effect of fractures on its mineral density is known [4-10].

In addition, injuries of organs of the digestive, endocrine, and
genitourinary systems, located in the pelvic cavity, cannot but
affect the risk of developing osteopoenia and osteoporosis. An
early development of osteoporotic changes in the iliac ilae,
characteristic of PPI, exerts a negative effect on the strength
characteristics of the pelvis-rod system [8,11-13].

The aim of the study was the biomechanical substantiation of
extra-focal pelvic osteosynthesis in osteoporosis.

Materials and Methods.

The stress-strain state (SSS) of the lower extremity belt was
studied by the finite element method (FEM) under conditions of
external fixation by devices with cylindrical and conical rods.
In FEM, an approximate solution is constructed in the form of a
superposition of approximating functions. For solving the above
problem, at the first stage the object is divided into areas of a simpler
form, finite elements (FE), whose geometric dimensions are much
smaller than those of the entire biomechanical system [14].

Modern software systems generate FE cells automatically
using in most cases elements with triangular faces. At junctions
of the elements (nodal points) the real stress field is replaced by
the action of forces and displacements.

The type of FE is characterized by the number of nodes and
the degree of approximation of the unknowns within the region
and largely determines the accuracy of the obtained FEM
solution. The elements used in building the calculation model
are presented in Figure 1.

The studies took into account different types of biological
tissues: compact and cancellous bone, cartilage tissue,
intervertebral disc, ligaments. In this study, the material was
considered to be homogeneous and isotropic. The elastic
modulus (Young’s modulus E) and Poisson’s ratio v for different
materials are summarized in Table 1.

The body weight is the main load. In the calculation, the body
weight was taken equal to 700 N. The values of the resulting
forces for the pelvis were taken in accordance with the data
given in [15,16].

The geometric model was built on the basis of tomographic
sections of the pelvis, drawn through 0.5-1 cm for irregular zones.
The pelvis was modelled with a rotationally unstable injury
(type B1 according to AO classification) after osteosynthesis
with an external fixation device in versions of using cylindrical
and conical rods (Figure 2).

In order to estimate SSS, von Mises stresses were used. The
obtained FE model (Figure 3) consisted of 75845 FE and had
132253 nodes. The geometric model was built in the SolidWorks
program. The calculations and analysis of SSS were carried out
in the ANSYS program.

Results and Discussion.

In the first version of the study of the pelvic model with the
normal bone tissue and cylindrical rods, the calculation results
showed (Figure 4) that with a single-limb support (the left limb
support) more stress was observed on the supporting side with
pronounced zones of stress concentration in the region of the
sacroiliac joint, at the site of entry of the rod into the bone and
in the area of a reduced thickness of the iliac ala.
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Table 1. Mechanical characteristics of biological tissues.

Tissue E (MPa) O
Compact bone 18350 0.3
Osteoporotic compact bone 1500 0.3
Cancellous bone 330 0.3
Osteoporotic cancellous bone 150 0.3
Cartilage 10.5 0.49
Intervertebral disc 4.2 0.45
Ligaments 50 0.45

; g

a) 10-noded tetrahedron with
quadratic approximation

b) 20-noded prism with
quadratic approximation

Figure 1. Types of FE.

/)

Figure 2. Cylindrical (a) and conical (b) rods are used in a device for
external fixation of the pelvis.
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Figure 3. FE calculation model of the pelvis.

Along the passage of the rod (Figure 5), two stress concentration
zones were observed. The most intense was the area where the
screw enters the bone (18.5 MPa). An area of increased stress
was also observed at the site of reduced thickness of the iliac
ala (8.1 MPa), where the rod passed most closely to the cortical
layers.

The calculation of the model using conical rods showed
(Figure 6) that the nature of SSS distribution for the model
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Figure 4. Von Mises stress in the calculation model: a) front view; b) left view.
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Figure 5. Zones of stress concentration along the passage of a cylindrical rod.
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Figure 7. An area with an increased SSS of the ilium along the passage of a conical rod.
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Figure 8. SSS models of the pelvis with the osteoporotic bone tissue using cylindrical rods of an external fixation device.

as a whole had not changed, and the level of stress state had
decreased. Thus, in the area where the screw entered the bone,
the von Mises stress was 16.4 MPa, it being 6.3 MPa in the
area of reduced thickness of the ilium. It should be noted that
the region with an increased stress state along the passage of a
conical rod was smaller than for a cylindrical one (Figure 7).

In the second version of the study, for a model of the pelvis
with the osteoporotic bone tissue, a comparative analysis of SSS
using cylindrical rods of an external fixation device showed that
the general distribution of stress and strain for the model as a
whole did not change, but the level of SSS increased (Figure
8a-d).

It was 28.4 MPa in the area of entry of the screws into the
bone and 9.1 MPa at the site of reduced thickness of the iliac
wing. The level of the stress state also increased throughout the
entire “rod-bone” contact (Figure 8e,f). A comparative analysis
of SSS for the version with conical rods of an external fixation
device and the osteoporotic bone tissue showed that the general
character of SSS distribution for the model as a whole had not
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changed, but the level of stress state had increased as well as in
the model with cylindrical screws (Figure 9). In the area where
the screws entered the bone, it was 26.5 MPa. In the area of
reduced thickness of the iliac ala the level of stress was 7 MPa.

Figure 10 shows a comparison of SSS in the iliac section for
cylindrical and conical rods with the normal and osteoporotic
bone tissue.

Conclusion.

The mathematical model, taking into account osteoporosis,
differs from the model with normal bone tissue by changing
the physical properties of materials (bone tissue), namely, by
other values of the elastic modulus E (Young's modulus). This
parameter, under unchanged other conditions (the geometry of
the model and its loading), leads to a change in the stress state.
For osteoporotic bone tissue, destruction occurs when lower
stresses are reached (120 MPa - normal cortical bone tissue, 75
MPa - osteoporotic bone tissue, and for normal spongy tissue,
the tensile strength is 6.6 MPa and 3.3 MPa for osteoporotic).
Those, the study of models with altered bone properties
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Figure 10. Comparison of SSS in the iliac section for cylindrical and conical rods in the normal and osteoporotic bone tissue.




(osteoporosis) allows an assessment of whether bone tissue
destruction will occur, especially in areas of stress concentration
(such as the nail-bone contact area).The use of conical rods in
a device for external fixation of the pelvis makes it possible to
reduce the level of SSS both in the area of entry of screws into
the bone and in the area of the thinnest part of the iliac ala. For
extrafocal pelvic osteosynthesis during polystructure injuries a
decrease in the stress state, when conical rods are used, plays an
important role since strength characteristics of the osteoporotic
bone tissue are significantly lower versus the normal one.

The study showed that stress concentration zones are located
at the point where the rods enter the bone and at the place where
the rods pass close to the surface of the ilium. The resulting
stresses are far from the tensile strength of the metal (the rods
will not break), however, destruction may occur in the bone
tissue, especially osteoporotic (with a lower tensile strength).
The conical shape of the rods forms a smaller channel in the
bone tissue, which reduces the stress state in the bone tissue,
especially in the area close to the surface of the ilium.

Thus, the use of conical rods in devices for external fixation
of the pelvis improves strength characteristics of the “pelvis-
rod” system, which makes it possible to recommend their
approbation in clinical practice.
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MATEMATHYECKOE OBOCHOBAHWUE BBIBOPA
CTEPXKHEM IS  AIIIAPATOB  BHENIHEM

OUKCAIUH ITPU MOJTUCTPYKTYPHBIX TPABMAX
TA3A.

I'acanos H. X.2, Uctomun A. I, UcTomun JI. A.!

Xaporosckuti  Hayuonanvuwlii MeouyuncKuil ynugepcumen,
Yxpauna

2Azepbatiocanckuil
Asepbatioscan

Cuenpro OMOMEeXaHHIeCKOT0 000CHOBAaHUS IKCTPaPOKaTHLHOTO
OCTEOCHHTE3a Ta3a IPH OCTEONIOPO3€ MBI N3y UHIIN HANPSKEHHO-
nepopmupoBanHoe coctostare (HJIC) roneHm B yCIIOBHSX
BHEITHEH (HKCAIMM amnmapataMd C OWIHHAPHYECKUMH M
KOHWYECKUMH CTEPKHIMH.

Marepuan um MeTOAbl. BpUM TPOBEIECHBI HCCIECIOBAHMS
HaNpspKECHHO- 1€ OPMUPOBAHHOTO COCTOSTHHS nosica
HIDKHUX KOHEYHOCTEH METOZOM KOHEYHBIX DJJIEMEHTOB B
YCIOBUSX BHEIIHEW (PUKCAlMM ammapaTaMH CO CTEPKHSAMH
OUIAHAPUIECKON M KOHUIECKO# (opMbl. B MeToe KOHEUHBIX
JIEMEHTOB MpPUOIIKEHHOE pEIIEHHE CTPOMTCS B BHAE
CYTIEPIIO3UIINN aNMPOKCUMHUpYOmuX ¢yHknuii. Ha mepBom
JTare penieHus 3a1adu 00beKT pa3OuBaeTcs Ha obmacTu Ooee
mpocToi (HOPMBI - KOHEYHBIE 3JIEMEHTHI, T'€OMETPHYECKHE
pa3Mepbl KOTOPBIX 3HAYMTEIBHO MEHBIIE pa3MEpPOB BCEH
Oonomexanmdeckolr cuctembl. COBpEMEHHBIE IIPOTPaMMHBIE
KOMIUIEKCHI BBIMOJHSIOT TEHEpPAalWi0 KOHEYHBIX 3JIEMEHTOB
CETKM aBTOMAaTHMYECKH HCIOIB3YyS B OOJIBIIMHCTBE CIydacB
UIEMEHTHI C TPEYTOJIBHBIMH TpaHsIMU. B Mectax coequHeHHs
2JIeMeHTOB (y3JIOBBIE TOYKH) pEaNbHOE II0JIe HANpPsHKCHHUN
3aMeHsIeTcsl JACWCTBHEM YCHUIMM W IepeMelleHusMU. Tum
KOHEYHBIX JJIEMEHTOB XapaKTEPU3yeTCs KOIMIECTBOM Y3JIOB
W CTENEHBIO aNMpOKCHMAIMM HEW3BECTHBIX BHYTPH 00IacTH
1 BO MHOTOM OTIpENEIISiCT TOYHOCTh MOTy4aeMOT0 PEIICHHS B

MeOuyuHCKul YHUGepcumen,



MeTOo/ie KOHEYHBIX JIEMEHTOB. B IMpoBOANMBIX MCCIIeI0BaHUSX
YUUTHIBAJIMCH Pa3NyYHblEe BUIBI OWOJIOTMYECKUX TKaHEH:
KOMIIaKTHass ¥  ry04aras KOCTb, XpsIieBas  TKaHb,
MEXIO3BOHOYHBIM JMCK, CBA3KH. B JaHHOM HcclenoBaHUA
MaTepHall CYHUTAJICSI OAHOPOAHBIM U HM30TPONHBIM. OCHOBHOU
Harpy3koil sBisiercst Bec Tena. B pacuere Bec Tema Opaics
pasHbM 700 H. ['eomeTpuueckas Moziens CTpOUIach Ha OCHOBE
TOMOTpaUIEeCcKUX CPe30B Ta3a, NpoBeAeHHbIX yepe3 0,5 — 1 cm
JUIS HEPETYISIPHBIX 30H. MozenupoBalicsi Ta3 ¢ pOTAlMOHHO
HecTabmibHBIM (THI B 1 o kimaccnukannm AO) moBpexxaeHueM
1ociie OCTEOCHHTE3a almnaparoM BHENIHEH (uKcanuu B
BapHaHTaX HCIIOJIB30BAHUS CTEPKHEH IMIMHAPHYECKOW W
KOHMYeCKOW (GopMbl. ISl OLIEHKH HAIPSHKEHHOTO COCTOSHHMS
UCIIONIB30BAINCH HampshkeHust Museca. IlomyueHnast mozens
coctouT u3 75845 KOHEUHBIX ZJI€MEHTOB M umeeT 132253
y3na. [locTtpoeHne reoMeTpuuecKoil MOJENN TPOBOIMINCE B
mporpamme SolidWorks. Pacuetsr u ananmu3 H/IC npoBoaunucek
B mporpamme ANSYS.

PesyabTatel m oOcyxknenme. B nepBom  BapuaHTe
WCCIIEIOBAaHHST MOJIENN Ta3a C HOPMaJbHOM KOCTHOH TKaHBIO
U [WIMHAPUYECKUMH CTEPXKHAMH pe3yNbTaThl pacueTa
MOKa3aJIM, YTO NPU OAHOOIIOPHOM CTOSIHMH (OIIOpa Ha JIEBYIO
KOHEYHOCTH) O0JIee HalpsHKEHHOH SIBIISIETCS OMIOpHAs CTOPOHA C
BBIpaKEHHBIMH 30HaMH KOHIIEHTPAIMN HAIPsDKEHHs B 00macTn
KPECTIIOBO-TIO/IB3/IOIIHOTO CYCTaBa, MECTa BXOJa CTEPXHS B
KOCTB M B 00J1aCTH YMEHBIISHHS TOJIIIMHBI KPbIJIa ITO/IB3/IOIHON
KocTH. Bonb npoxokeHuns crep)kHsT HaOJII01at0TCsl IBE 30HBI
KOHIIEHTpALlK HaNpsbkeHnH . Hanbomnee HanpspkeHHOH siBIIsIeTCS
o0acTh BX0o/1a BUHTA B KOCTh (18,5 MIla). Taxke Habmogaercs
00JIacTh TOBBIIIEHHOTO HAIPSHKEHHOTO COCTOSIHUSI B MecTe
YMEHbIIIEHNUS TOJIINHBI KpbIJia oAB3101IHOH KocTH (8,1 MIla),
IZIe CTep)KeHb MPOXOAUT HanOosiee OIM3KO K KOPTHKaJIbHBIM
ciosM. Pacuer Mozienu ¢ IpuMeHEeHHEM CTep)KHEH KOHNYECKOH
¢dopMbl TIOKazan, 4to Xapakrep pacrpeznenenus HJAC s
MOJIETI B LIEJIOM HE W3MEHWIICS, a YPOBEHb HAINPSDKEHHOTO
COCTOSIHMSI TOHM3WICS. Tak B MecTe BXOJa BHHTa B KOCTh
BeNMYMHA HamnpsokeHud Museca cocraBnsier 16,4 Mlla, a B
MeCTe YMEHbIICHHS TONLIHBI HOAB3A0MIHOM KocTu — 6,3 MITa.
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CTOHUT OTMETHUTH, YTO 00JTACTH C TOBBINICHHBIM HAMPSHKEHHBIM
COCTOSHUEM BJONb IPOXOXKAECHUS KOHHUECKOTO CTEp:KHS
MEHbIIIEe, YeM JUIsl LUIUHApUYeckoro. Bo BTopoM BapuaHTe
HCCIIeAOBaHUSI ISl MOZIETH Ta3a C OCTEONOPOTUYECKO KOCTHOU
TKaHblO cpaBHUTENbHBIN aHamu3 HJIC mpu wucmosib30BaHUA
IWIMHAPUYECKUX CTEpXKHEW ammapara BHEIIHEH (UKcaimu
MMOKa3aJI, YTO OOMIMI XapaKTep pacHpeesicHHs HAMpPsKCHUN
u aedopMaruii JUIs MOAETH B IEIOM HE H3MEHWICSA, HO
ypoBenb HJIC noBsicuics. B mecTe BXxoja BUHTOB B KOCTh OH
cocrasiseT 28,4 MIla, B MecTe yMEHbBIICHHS TOJIIHUHBI KpbLIa
nojB3omHoN koctu — 9,1 MIla. YpoBeHp HampsnKEHHOTrO
COCTOSIHUSI TIOBBICHJICS M Ha BCEM MPOTSIKEHHMM KOHTaKTa
«CTepKeHb-KOCThY». CpaBHuUTenbHBIM aHanuz HAC ans
BapuaHTa KOHMYECKHUX CTepXHell ammapaTa BHeEIIHEH
(UKcaIMK U OCTEOMOPOTHUCCKOW KOCTHOM TKaHU TTOKAa3al, 9YTO
oOmmii xapakrep pacupeneneaus HIAC mams monmenu B 1enomM
HE W3MEHWICS, a YPOBEHb HANpPSDKEHHO COCTOSIHUSL TaKXKe,
KaK ¥ B MOJIENH C WJIMHAPUIECKUMHU BUHTaMU TOBBICHIICS. B
MECTE BX0Ja BUHTOB B KOCTh OH cocTaBiisieT 26,5 MIla. B mecte
YMEHBIICHUS TONIIMHBI Kpblja MOJB3A0IIHON KOCTH YPOBEHb
HanpsKeHHOro cocTosiHus — 7 MIla.

BruiBoabl. Vcronb3oBaHue cTep)KHEH KOHUYECKOH (OpMBI B
ammapare BHEIIHEeH (UKcaIuu Ta3a 03BOJISIET CHU3UTh YPOBEHB
HATPSHKCHHO-C(OPMHUPOBAHHOTO COCTOSHHUS Kak B 00JacTu
BXOJIa BUHTOB B KOCTh, TaK W B 30HE HamOoOJee TOHKOH yacTu
Kpblla MOJB3IOIIHOM KOCTH. JIJIs1 BHEIIHETO OCTEOCHHTE3a Ta3a
MIPU MOJIMCTPYKTYPHBIX TpaBMax IMOHIKEHUE HAIPSHKEHHOTO
COCTOSIHUS TIPH UCTIONIb30BAHUH CTEPIKHEH KOHIHUECKOU (POPMBI
WrpaeT BaXXHYIO POJib, TAK KaK MPOYHOCTHBIE XapaKTEPUCTUKU
OCTEONOPOTHYECKON KOCTHON TKAHU CYIIECTBEHHO HUXKE, YEM
y HopMmanmbHOH. Takum 00pa3oM, MPUMEHEHHE KOHHYECKUX
CTep)KHEH B ammapaTax BHEIIHEH (UKCAllMK Ta3a YIIydIIaeT
MIPOYHOCTHBIE XapaKTEPUCTHKU CHUCTEMBI «Ta3 — CTEP>KEHBbY,
YTO TO3BOJIIET PEKOMEHIOBATH MX alpoOaIiio B KIHHHYECKON
MIpaKTUKE.

KiroueBbie cjioBa: OCTEONOpO3, Ta3, BHEINHSS (PHKCAIU,
MaTeMaTH4YeCKoe  O0OCHOBaHWE, [WIMHIAPUYECCKUNH  WIH
KOHUYECKUH CTEPIKEHb.
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