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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 B1 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 ANSYS 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 

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 fixation, 
mathematical justification, cylindrical or conical rod.
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 
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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 ν 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.

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 

a) 10-noded tetrahedron with 
quadratic approximation

b) 20-noded prism with 
quadratic approximation 

Figure 1. Types of FE.

а b

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

Figure 3. FE calculation model of the pelvis.

Tissue E (МPа) 
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

Table 1. Mechanical characteristics of biological tissues.
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b

a

Figure 4. Von Mises stress in the calculation model: a) front view; b) left view.

Figure 5. Zones of stress concentration along the passage of a cylindrical rod.
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а

b
Figure 6. Mises stress in the calculation model: a) front view; b) left view.

Figure 7. An area with an increased SSS of the ilium along the passage of a conical rod.
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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 

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 

а b

c d

e f

Figure 8. SSS models of the pelvis with the osteoporotic bone tissue using cylindrical rods of an external fixation device.
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а b

c d

e f
Figure 9. SSS models of the pelvis with the osteoporotic bone tissue using conical rods of an external fixation device.

а b

c d
Figure 10. Comparison of SSS in the iliac section for cylindrical and conical rods in the normal and osteoporotic bone tissue.
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(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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Резюме
МАТЕМАТИЧЕСКОЕ ОБОСНОВАНИЕ ВЫБОРА 

СТЕРЖНЕЙ ДЛЯ АППАРАТОВ ВНЕШНЕЙ 
ФИКСАЦИИ ПРИ ПОЛИСТРУКТУРНЫХ ТРАВМАХ 
ТАЗА.

Гасанов Н. Х.2, Истомин А. Г.1, Истомин Д. А.1

1Харьковский  Национальный медицинский университет, 
Украина
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Азербайджан

С целью биомеханического обоснования экстрафокального 
остеосинтеза таза при остеопорозе мы изучили напряженно-
деформированное состояние (НДС) голени в условиях 
внешней фиксации аппаратами с цилиндрическими и 
коническими стержнями.

Материал и методы. Были проведены исследования 
напряженно-деформированного состояния пояса 
нижних конечностей методом конечных элементов в 
условиях внешней фиксации аппаратами со стержнями 
цилиндрической и конической формы. В методе конечных 
элементов приближенное решение строится в виде 
суперпозиции аппроксимирующих функций. На первом 
этапе решения задачи объект разбивается на области более 
простой формы - конечные элементы, геометрические 
размеры которых значительно меньше размеров всей 
биомеханической системы. Современные программные 
комплексы выполняют генерацию конечных элементов 
сетки автоматически используя в большинстве случаев 
элементы с треугольными гранями. В местах соединения 
элементов (узловые точки) реальное поле напряжений 
заменяется действием усилий и перемещениями. Тип 
конечных элементов характеризуется количеством узлов 
и степенью аппроксимации неизвестных внутри области 
и во многом определяет точность получаемого решения в 
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методе конечных элементов. В проводимых исследованиях 
учитывались различные виды биологических тканей: 
компактная и губчатая кость, хрящевая ткань, 
межпозвоночный диск, связки. В данном исследовании 
материал считался однородным и изотропным. Основной 
нагрузкой является вес тела. В расчете вес тела брался 
равным 700 Н. Геометрическая модель строилась на основе 
томографических срезов таза, проведенных через 0,5 – 1 см 
для нерегулярных зон. Моделировался таз с ротационно 
нестабильным (тип В1 по классификации АО) повреждением 
после остеосинтеза аппаратом внешней фиксации в 
вариантах использования стержней цилиндрической и 
конической формы. Для оценки напряженного состояния 
использовались напряжения Мизеса. Полученная модель 
состоит из 75845 конечных элементов и имеет 132253 
узла. Построение геометрической модели проводились в 
программе SolidWorks. Расчеты и анализ НДС проводились 
в программе ANSYS. 

Результаты и обсуждение. В первом варианте 
исследования модели таза с нормальной костной тканью 
и цилиндрическими стержнями результаты расчета 
показали, что при одноопорном стоянии (опора на левую 
конечность) более напряженной является опорная сторона с 
выраженными зонами концентрации напряжения в области 
крестцово-подвздошного сустава, места входа стержня в 
кость и в области уменьшения толщины крыла подвздошной 
кости. Вдоль прохождения стержня наблюдаются две зоны 
концентрации напряжений. Наиболее напряженной является 
область входа винта в кость (18,5 МПа). Также наблюдается 
область повышенного напряженного состояния в месте 
уменьшения толщины крыла подвздошной кости (8,1 МПа), 
где стержень проходит наиболее близко к кортикальным 
слоям. Расчет модели с применением стержней конической 
формы показал, что характер распределения НДС для 
модели в целом не изменился, а уровень напряженного 
состояния понизился. Так в месте входа винта в кость 
величина напряжений Мизеса составляет 16,4 МПа, а в 
месте уменьшения толщины подвздошной кости – 6,3 МПа. 

Стоит отметить, что область с повышенным напряженным 
состоянием вдоль прохождения конического стержня 
меньше, чем для цилиндрического. Во втором варианте 
исследования для модели таза с остеопоротической костной 
тканью сравнительный анализ НДС при использования 
цилиндрических стержней аппарата внешней фиксации 
показал, что общий характер распределения напряжений 
и деформаций для модели в целом не изменился, но 
уровень НДС повысился. В месте входа винтов в кость он 
составляет 28,4 МПа, в месте уменьшения толщины крыла 
подвздошной кости – 9,1 МПа. Уровень напряженного 
состояния повысился и на всем протяжении контакта 
«стержень-кость». Сравнительный анализ НДС для 
варианта конических стержней аппарата внешней 
фиксации и остеопоротической костной ткани показал, что 
общий характер распределения НДС для модели в целом 
не изменился, а уровень напряженно состояния также, 
как и в модели с цилиндрическими винтами повысился. В 
месте входа винтов в кость он составляет 26,5 МПа. В месте 
уменьшения толщины крыла подвздошной кости уровень 
напряженного состояния – 7 МПа.

Выводы. Использование стержней конической формы в 
аппарате внешней фиксации таза позволяет снизить уровень 
напряженно-деформированного состояния как в области 
входа винтов в кость, так и в зоне наиболее тонкой части 
крыла подвздошной кости. Для внешнего остеосинтеза таза 
при полиструктурных травмах понижение напряженного 
состояния при использовании стержней конической формы 
играет важную роль, так как прочностные характеристики 
остеопоротической костной ткани существенно ниже, чем 
у нормальной. Таким образом, применение конических 
стержней в аппаратах внешней фиксации таза улучшает 
прочностные характеристики системы «таз – стержень», 
что позволяет рекомендовать их апробацию в клинической 
практике.

Ключевые слова: остеопороз, таз, внешняя фиксация, 
математическое обоснование, цилиндрический или 
конический стержень.
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