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literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
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cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
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 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-
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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 
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wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
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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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BIOMECHANICAL COMPARISON OF THREE POSTERIOR MALLEOLUS FRACTURE 
FIXATION METHODS IN RELATION TO DIFFERENT FRACTURE MORPHOLOGY: A 

FINITE ELEMENT ANALYSIS
Kucher I, Liabakh A.

State Institution “The Institute of Traumatology and Orthopedics of National Academy of Medical Sciences of Ukraine”, Kyiv, Ukraine.

Abstract.
Purpose: The objective of this study was to compare the 

biomechanical behavior of three fixation methods for posterior 
malleolar fracture (PMF) in relation to different fracture 
morphology and to evaluate the corresponding changes of the 
stress distribution on the articular surface of the tibia plafond by 
finite element analysis (FEA).

Methods: Three internal fixation techniques: two lag screws 
in antero-posterior direction (AP lag screws), two lag screws 
in postero-anterior direction (PA lag screws) and posterior plate 
(PP) were analyzed for posteromedial (PM) and posterolateral 
(PL) fragment of PMF using the FEA. The values of relative 
deformations, total displacements, and von Mises stress (VMS) in 
the model elements were estimated under vertical loading 700 N. 

Results: PP showed the highest level of VMS in the elements 
of the metal implants (from 97.1 to 106.15 MPa), than PA (44.77 
MPa and 39.2 MPa) and AP (23.99 MPa and 25.53 MPa) lag 
screws group, regardless morphology of PMF. The presence of 
the PM and PL fragment of PMF causes displacement contact 
stress distribution to the anterior part of the tibia plafond surface.

Conclusion: PP is biomechanically the most efficient 
technique for the fixation of PMF regardless of the fragment 
morphology. The distribution of loads on the articular surface of 
the tibia plateau depends on the morphology of the injury and 
the type of osteosynthesis of the PMF.

Key words. Posterior malleolus fracture, finite element 
analysis, morphology, biomechanics.
Introduction.

The problem of treating posterior malleolus fracture (PMF) 
remains a relevant subject of discussion in the surgery of ankle 
joint (AJ) for a long time. According to modern literature 
sources, PMF occurs in 50% of cases of ankle fractures 
[1] which significantly increases the risk of post-traumatic 
osteoarthritis of AJ [2,3] and worsens long-term treatment 
results [1]. Classic recommendations for osteosynthesis of 
PMF, which determine indications for surgical treatment based 
on the size and displacement of the fragment of posterior 
malleolus, are gradually losing their clinical significance, 
although they are still used by many orthopedic surgeons in 
practice. The lack of a unified view on the treatment of these 
injuries is explained by controversial results of a number of 
experimental and clinical studies[2-4], and the preferred choice 
of surgical strategy depending on the experience and opinions 
of the surgeon [3]. Taking into account that PMFs are three-
dimensional structures, and their characteristics on neutral 
axes can be different [5], by a series of recent publications the 
attention has been focused on evaluating the morphology of the 
PMF as an important prognostic parameter of the functional 
outcomes [6,7]. The morphological approach to osteosynthesis 
of the posterior malleolus has changed modern views on the 

fixation of PMF, but even now most studies are focused on the 
study of the "classic" posterolateral fragment of the posterior 
malleolus (Volkmann's triangle). At the same time, posterior part 
of the tibia plafond damage involving the medial tibial plateau 
[8,9] are insufficiently studied, in despite of its prevalence 
and worse outcomes. Computer modeling by Finite Element 
Analysis (FEA) makes it possible to reproduce the behavior 
of biomechanical systems with high accuracy and brings the 
experiment closer to the most realistic conditions, which makes it 
possible to study the biomechanical behavior of fixation systems 
of the posterior malleolus under various morphological types 
of damage. Objective: to conduct a comparative biomechanical 
analysis of posterolateral and posteromedial morphological 
types of PMF using three methods of osteosynthesis and to 
evaluate the corresponding changes in the distribution of peak 
contact pressure on the articular surface of the distal tibia using 
computer simulative modeling by FEA.
Materials and methods.
Fixation techniques and grouping:

PMF models were divided into groups depending on the 
morphology of the injury (types 3 and 4 according to the 
Bartoníček and Rammelt classification) [13]: posteromedial 
fragment (Group A) and posterolateral fragment (Group 
B) of posterior malleolus. For each group, three methods 
of osteosynthesis were used: 1) screws in the "anterior-to-
posterior" direction (AP lag screws); 2) screws in the "posterior-
to-anterior" direction (PA lag screws) and 3) osteosynthesis with 
buttress plate according to the recommendations of AO. The 
view of models of PMF is shown in Figure 1.
Three dimensional (3D) models:

The study was conducted in accordance with the Declaration 
of Helsinki and approved by the Academic Council of the 
ITO NAMS of Ukraine. Three-dimensional (3D) model of the 
right AJ in the no-load position was performed on the basis of 
spiral CT scans of a healthy 30-year-old volunteer obtained on 
a 64-section CT Toshiba Asteion Super 4 (Japan). There was 
no past history of trauma and no anatomical abnormality was 
observed by X-ray examination. The participant gave informed 
consent for X-ray examination and CT. CT images of the ankle 
joint were taken at 0.625 mm intervals. CT data consisting of 680 
DICOM images were then imported into Mimics 10.1 software 
(Materialise, Leuven, Belgium), where the spatial geometry 
of the tibia, fibula, talus, and calcaneus was reproduced in 
automatic and semi-automatic modes. The structure of each bone 
was exported to IGS file format, and the data was transferred to 
Geomagics Studio 11.0 software (Raindrop Company, USA), 
bone models were obtained, and exported as STP files for 
SolidWorks 2018 (DS SolidWorks Corp., USA), where, with 
the help of using appropriate tools, imitative geometric 3-D 



34

models of AJ were created with modeling of posterolateral and 
posteromedial fragments of the PMF. Geometric parameters for 
reproducing morphological models of PMF were determined 
by separating the articular surface of the tibial plateau with an 
intermalleolar line connecting the medial and lateral malleoli 
and a line, perpendicular to the previous one in the direction 
of the posterior surface of the tibial plateau. According to 
the specified parameters, posterolateral and posteromedial 
fragments of PMF were formed, which accounted for 25% of the 
area of the articular plateau of the tibia, respectively. To illustrate 
the precise, reposition of the fracture zone, the parameters of 
the absence of a gap between the fracture fragments and the 
Poisson's ratio of 0.3 were set [10]. The coordinate axes of the 
model were defined as: the Y-axis is directed in the sagittal 
plane (toes to heel), the Z-axis in the vertical plane (knee joint 
to heel), and the X-axis in the frontal plane (medial to lateral 
bones). Special functions of the software were used to make the 
interaction between different parts of the models.
Finite element analysis:

The reconstructed 3D-models of bones in STEP AP214 files (* 
.step) were imported into the ANSYS 19.2 finite element analysis 
software package (Ansys Inc., Canonsburg, Pennsylvania, 
United States), where finite element (FE) discretization of 
models of "fixator-bone" biomechanical systems was performed 
in semi-automatic mode using tetrahedral and hexagonal 
finite elements. In the most important transition sections of 
the model with different mechanical properties, the FE grid 

was condensed to improve the accuracy of calculations. The 
generated FE models of biomechanical systems had a common 
sampling order with a maximum FE size of no more than 1 mm, 
a total number of nodes of 422,480, and consisted of 240,409 
elements, which is optimal for ensuring the required accuracy 
of calculations. Models of biomechanical systems are presented 
as isotropic, linear elastic. All model materials were given the 
corresponding mechanical properties (Young's elastic modulus 
(E) and Poisson's coefficient (v). The computational process used 
the physical properties of bone and cartilage tissues obtained 
from literature sources [15,16], an elastic isotropic model of 
titanium alloy BT16 was chosen for the fixator elements, and 
the characteristics of artificial materials were selected according 
to the technical literature [17] (Table 1).

Table 1. Properties of materials (cortical bone, cancellous bone, and 
titanium alloy).

Material Elastic (Young's) 
мodulus, E (MPa)

Poisson's 
ratio (v)

Strength limit,
MPa

Cortical bone 17600 0,3 93,4
Trabecular bone 500 0,2 17,5
Cartilage 50 0,45 16,7 
Titanium alloy 
ВТ16 112000 0,32 590

Boundary conditions and evaluation criteria:
To carry out the load, the models had a rigid fixation in all 

degrees of freedom at the level of the hindfoot in order to 
minimize errors in calculations. Vertical axial load on the 
proximal end of the tibia was performed with a force of 700H, 
which corresponds to the simulation of the one leg stand load 
on the AJ (Figure 2). In each case of load, single forces and a 
moment were applied to the system. The values of the maximum 
stress and the values of relative deformations in the model 
elements were studied. Von Mises stress analysis and total 
deformation (TD) were performed for the model as a whole, as 
well as separately for the model elements relative to each other, 
wherefore additional coordinate axes were set, regarding which 
the displacements in each plane were determined.

Figure 2. a. Calculation model of the AJ with fixing and loading 
conditions: A - load 700 H (70 kg); B – rigid fixation at the level of 
the calcaneus was introduced; C - restriction of movement at the level 
of the bones of the middle part of the foot (continuation of the model); 
D-H - compression zone. 
b. FE calculation grid model with simulated posteromedial type PMF 
and buttress plate.

Figure 1. Two morphological types of posterior malleolus fracture 
involvement 25% articular surface. Construction of fixation methods 
for posterior malleolus fracture: (A): posteromedial PMF with buttress 
plate, (B): posteromedial PMF with two lag screws in the «posterior-
to-anterior» direction, (C): posteromedial PMF with two lag screws 
in the «anterior-to-posterior» direction, (D) posterolateral PMF with 
buttress plate, (E):posterolateral PMF with two lag screws in the 
«posterior-to-anterior» direction, (F):posterolateral PMF with two 
lag screws in the «anterior-to-posterior» direction.
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Figure 3. Distribution of VMS in different fixation implants. PMF – posterior malleolus fracture; PA lag screw – two lag screws in the «posterior-
to-anterior» direction; AP lag screw – two lag screws in the «anterior-to-posterior» direction, PP – buttress plate.

Figure 4. Comparative analysis of Von Mises peak stress values in fixation implants.
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Results.
Von Mises Stress (VMS) distribution in different fixation 
implants:

At the first stage of the research, the stress-deformed state of the 
model elements was analyzed under conditions of a load of 700H 
for various morphological types of PMF. The distribution of von 
Mises-equivalent stress fields in fixation implants of biomechanical 
system when modeling osteosynthesis of posterolateral and 
posteromedial PMF is given in Figure 3 and Figure 4.

The peak stress value in implants at a load of 700H was the 
highest in the subgroup of plate osteosynthesis (posteromedial 
PMF- 106.15 MPa, posterolateral PMF-97.01 MPa) and did 
not reach the strength limit of the fixators (σMax = 236 MPA). 
The lowest stress values were observed in the subgroup of AP 
screws - 23.99 MPa and 25.53 MPa, and almost 1.5 times less 
than similar indicators in the subgroup of PA screws (44.77 
MPa and 39.2 MPa), respectively (Table 2). Stress indicators 
were concentrated mainly in the central 1/3 of the screws in 
both subgroups of AP and PA screws, which can be explained 

Figure 5. Contact von Mises stress and pressure distribution on the articular surface of the tibia in models with different fixation constructs and 
morphological types of PMF.

Physiological 
conditions Fixation

Group А
(posteromedial PMF)

Group В
(posterolateral PMF) [ ] ᶜ

ª nᵇ  ª nᵇ

Load 700Н
Buttress plate 106.15 2.22 97.01 2.43 236
РА lag screws 44.77 5.07 39.2 5.80 227.2АР lag screws 18.2 12.48 15.44 14.72

Table 2. Von Mises peak stress values of the implants (MPa) in two groups.

ª - maximum stresses on the Model elements
    ᶜ [ ]- maximum allowable stress values
     ᵇ n-safety margin.

Fixation strategy Posteromedial PMF Posterolateral PMF
Axis Axis
Localized displacement Total displacement Localized displacement Total displacementX Y Z X Y Z

Buttress plate 0,2 0,11 0,17 0,28460 0,05 0,24 0,09 0,26115
PA lag screw 0,19 0,11 0,17 0,27767 0,06 0,24 0,09 0,26325
AP lag screw 0,15 0,08 0,14 0,22023 0,05 0,24 0,09 0,26115

Table 3. The displacement values of the fracture (mm) in two subgroups (total and localized displacement).
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by the reflection of the transfer of body weight to the fixators in 
these sections and the maximum proximity to the fracture line, 
while the upper part of the plate was the most loaded element 
during osteosynthesis by the plate. Analysis of the stress and 
deformations distribution in the case of using various fixation 
devices under the influence of a load of 700H showed an 
advantage in the aspect of rigidity and stability of fixation when 
using osteosynthesis by the plate.
Von Mises stress distribution in the different PMF models:

Analysis of the stress-deformed state of the models showed 
that at a load of 700H, the highest stress concentrations on the 
fragment of posterior malleolus for all the considered types of 
osteosynthesis occurred when the posterolateral fragment PMF 
was fixed with a plate, and in the case of posteromedial fragment 
PMF - with PA screws, which on average did not exceed 18 MPa, 
and did not reach the maximum limit stress value for bone tissue 
(37.36 MPA). An increase in VMS values on elements of the 
PMF model in these methods of osteosynthesis and the presence 
of a corresponding PMF fragment can lead to an increase in 
local destruction of the bone structure in the PMF fragment and 
increase the probability of loss of reposition and fixation. 
The relationship between morphology PMF, fixation method, 
total and localized displacement (TD):

When analyzing micro-movements of the fragment of 
posterior malleolus at a load of 700H, all fixation implants show 
satisfactory results of posterior malleolus stabilization with the 
maximum displacement of the fragment not exceeding 0.3 mm. 
The smallest displacement of the posteromedial fragment of PMF 
was recorded with AP screws. In the posterolateral PMF group, 
the greatest displacement of the fragment was observed with PA 
screws. Evaluation of fragment displacements according to the 
established coordinates demonstrates that in osteosynthesis of 
the posteromedial PMF, the greatest displacement occurs along 
the X-axis (lateral displacement of the fragment) and Z-axis 
(vertical displacement); osteosynthesis of the posterolateral PMF 
shows the greatest displacement along the Y-axis (displacement 
to the back), regardless the type of osteosynthesis. Total and 
localized displacement of the different PMF types with three 
fixation methods are shown in Table 3.
The relationship between morphology PMF, fixation method 
and maximum contact stress (MCS):

The next stage of the research was to assess the stress-
deformed state and the distribution of peak contact pressure on 
the articular surface of the distal tibia. As a result of the study, 
it was determined that for different model scenarios, changes 
in the distribution of load zones on the articular surface of the 
tibial plateau are observed, depending on the morphotype and 
type of osteosynthesis of the fragment of posterior malleolus. 
The highest contact pressure values were recorded when using 
AP screws for the posteromedial PMF and PA screws for the 
posterolateral PMF. It should be noted that when modeling the 
posterolateral and posteromedial morphological types of PMF, 
the load zones move on the anterior parts of the articular surface 
of the tibia plateau (Figure 5).

Discussion.
As a result of the experiment, the obtained indicators of peak 

contact pressure on the articular plateau of the tibia, maximum 
contact stress and stress distribution on metal structures in 
the "fixator-bone" system were similar to other results of 
biomechanical studies[11-13], which proves the reliability and 
efficiency of the model we created.

Recent reviews of the literature on the results of treatment of 
PMF indicate that it is the assessment of the morphology of 
the fragment of posterior malleolus, rather than its size, that 
remains an important condition for successful treatment of these 
injuries [14,15]. Awareness of the importance of evaluating this 
parameter is taken as the basis of corresponding classifications 
that allowed not only to create an appropriate algorithm for the 
treatment of PMF in lower leg fractures of bones, but also help 
to predict long-term outcomes and expected treatment results 
[16-20]. 

PMF with significant involvement of the posteromedial 
parts of the tibial plateau (Bartonicek type 3/Haraguchi type 
2) are considered as a special variant of "pylon injury" [21], 
which requires an individual approach in each specific case, 
depending on the nature of the damage [22]. A number of 
studies demonstrate that these injuries constitute a separate 
damage pattern [23], which is characterized by a more complex 
mechanism of occurrence and worse results of surgical treatment. 
Meta-analysis performed by Patel et al. [8] that is devoted 
to the study of the influence of the morphology of posterior 
malleolus on the outcomes of trimalleolar fractures, showed 
that fractures of Type 2 (medial extension type) according to 
the Haraguchi classification, have worse functional results of 
treatment compared to injuries of Type 2 and 1 (posterolateral-
oblique type). The study that was conducted by Vosoughi et 
al. [24], demonstrates that the avulsion type of fractures of the 
posteromedial fragment of posterior malleolus, which is an 
outcome of the pronation mechanism of damage more often, 
does not require obligatory surgical treatment, since it serves 
only as an additional factor in stabilizing syndesmosis, while 
the pilon type, which is an outcome of supination and axial 
load, violates the congruence of AJ, has to be surgically treated. 
This point of view is also supported by the research of Wang 
at al. [25], that recommend anatomical reposition and fixation 
for pylon-type PMF, while avulsive fractures may only require 
conservative treatment. 

In our opinion, the probable cause that may affect the 
unsatisfactory results of treatment of PMF may be an 
underestimation of morphology and unjustified use by surgeons 
of suboptimal osteosynthesis methods for specific types of PMF. 
Wide morphological diversity of PMF [26,27], is the main reason 
for both underestimation and overestimation in terms of the need 
for osteosynthesis. The trends of routine osteosynthesis of PMF 
with a plate that have developed in recent years are criticized 
in the modern scientific literature, which is due to satisfactory 
results and a lower level of complications with less invasive 
treatment methods [28,29]. White T.O. [34] believes that an 
inevitable consequence of an increase in the volume of surgical 
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intervention is an increase in the frequency of complications 
with excessive use of expensive medical resources. The optimal 
choice of the PMF osteosynthesis method still needs further 
development and improvement.

Osteosynthesis of the PMF using a buttress plate  has 
several advantages, including the ability to visualize and 
reduce intraarticular impacted tibial plateau fragments, better 
restoration of the anatomical position of the lateral malleolus 
in the fibula notch due to tension of the posterior tibiofibular 
ligament[30] and provides greater syndesmotic stability 
compared to conservative treatment and screw fixation [31]. 
The use of a buttress plate demonstrates better clinical outcomes 
[32,33]. The disadvantages are the complexity of fixation 
of the medial malleolus due to the positioning of the patient 
during surgery; increased risk of damage to the neurovascular 
structures and the tendon of the flexor hallucis longus [34]; 
devascularization of fragments of the PMF and the possibility of 
intra-articular screw placement [35], increased risk of infectious 
wound complications associated with the presence of metal 
implants and the frequency of reoperation [36].

AP and PA lag screws have similar functional and radiological 
results, so the use of a particular option should be based mainly 
on the surgeon's experience [37]. The advantages of AP and PA 
lag screws are the relative simplicity of the procedure, reduced 
surgical time, and a lower rate of local infectious complications. 
At the same time, these methods of fixation have a number of 
significant disadvantages, including an increase in the frequency 
of syndesmotic fixation, the inability to perform precise reduction 
and fixation of PMF fragments, increased risk of screw positioning 
in the distal tibiofibular syndesmosis area and damage to extensor 
tendons and neurovascular structures [38,39].

A biomechanical study by Benett et al. [40] shows that 
buttress plate provides greater biomechanical stability with a 
lower degree of axial displacement PMF under cyclic loading 
compared to the use of screws, which is consistent with the 
results of our study. At the same time, a study Wang X et al. 
[41] found no specific advantages in the fixation of PMF 
with a buttress plate compared to the screws. The presence of 
contradictory results of biomechanical studies is explained by 
the methodological diversity of studies and the variability of the 
characteristics of the PMF fragment, which makes it difficult to 
compare these studies and make decisions about the need for 
surgery and the method of fixation [42].

One of the most common theories of the development of post-
traumatic osteoarthritis of the AJ due to trimalleolar fractures 
is a decrease in the contact area and residual discongruence of 
the AJ, which causes excessive stress on the articular surfaces 
[2]. This is confirmed by biomechanical studies that indicate the 
duration of loads and characteristic changes in the distribution 
of peak contact pressure on the articular surfaces of AJ, as the 
main factors of osteoarthritis of AJ [43,44]. Our study shows 
typical changes in the load in the areas of pressure on articular 
cartilage of the tibia, which are normally subjected to lower 
loads, which complies with the results of previous studies. The 
research of Xie et al. [45] is interesting as it shows that the 
contact pressure on the tibial plateau in PMF with the presence 
of intra-articular impacted fragments (IAIFs) varies depending 
on the characteristic location of the injury.

Our research has some limitations. First, the results were not 
confirmed by clinical experiments. Second, our model used 
static modeling. Further studies are needed to research the 
behavior of the biomechanical system "fixator-bone" under 
cyclic loading conditions. The created biomechanical model did 
not take into account the influence of soft tissue structures of 
AJ (capsule and ligaments), bone quality, and the application of 
supraphysiological loads on AJ, which can serve as a basis for 
further research in this direction.

The aim of the study is to emphasize the importance of 
morphological assessment of the PMF and, accordingly, the 
choice of the optimal method of osteosynthesis depending on 
the morphology of posterior malleolus. Improving indications 
for surgical treatment, creating a differentiated approach to 
the treatment of PMF, along with restoring injuries of other 
anatomical structures of the AJ should remain the main goals of 
successful treatment of ankle fractures.
Conclusion.

Maximum biomechanical stability of PMF fixation can be 
achieved by osteosynthesis with a buttress plate, regardless of 
the morphology of the injury. The distribution of loads on the 
articular surface of the tibia plateau depends on the morphology 
of the injury and the type of osteosynthesis of the PMF. The 
defined changes in the distribution of contact pressure on the 
articular surface of the AJ may be probable factors of post-
traumatic osteoarthritis in patients with ankle fractures and the 
presence of PMF.
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РЕЗЮМЕ
БИОМЕХАНИЧЕСКОЕ СРАВНЕНИЕ ТРЕХ 

МЕТОДОВ ФИКСАЦИИ ПЕРЕЛОМА ЗАДНЕГО КРАЯ 
БОЛЬШЕБЕРЦОВОЙ КОСТИ В ЗАВИСИМОСТИ ОТ 
РАЗЛИЧНОЙ МОРФОЛОГИИ ПЕРЕЛОМА: АНАЛИЗ 
МЕТОДОМ КОНЕЧНЫХ ЕЛЕМЕНТОВ

Кучер И.В, Лябах А.П.
Государственное учреждение «Институт 

травматологии и ортопедии Национальной академии 
медицинских наук Украины», Киев

Цель исследования. Сравнить биомеханическое 
поведение трех методов фиксации перелома заднего края 
большеберцовой кости (ЗКББК) в зависимости от различной 
морфологии перелома и оценить соответствующие 
изменения распределения напряжений на суставной 
поверхности плато большеберцовой кости с помощью 
анализа методом конечных элементов (FEA).

Методы. Три метода внутренней фиксации: два винта 
в передне-заднем направлении (AP lag screws), два 
винта в задне-переднем направлении (PA lag screws) и 
остеосинтез пластиной (PP) были проанализированы 
для заднемедиального (PM) и заднелатерального 
(PL) фрагментов ЗКББК с помощью FEA. Значения 
относительных деформаций, общих смещений и 
напряжения фон Мизеса (VMS) в элементах модели были 
оценены при вертикальной нагрузке 700 Н. 

Результаты. PP показал самый высокий уровень VMS в 
элементах металлических имплантатов (от 97,1 до 106,15 
МПа), в сравненини с PA (44,77 МПа и 39,2 МПа) и AP 
(23,99 МПа и 25,53 МПа) группами винтов, независимо от 
морфологии ЗКББК. Наличие PM и PL фрагментов ЗКББК 
вызывает смещение распределения контактного напряжения 
на переднюю часть поверхности плато большеберцовой кости.

Выводы. Остеосинтез пластиной является 
биомеханически наиболее эффективной техникой 
фиксации ЗКББК независимо от морфологии фрагмента. 
Распределение нагрузок на суставную поверхность плато 
большеберцовой кости зависит от морфологии повреждения 
и типа остеосинтеза ЗКББК.

Ключевые слова: биомеханика; перелом заднего края 
большеберцовой кости; морфология; конечно-элементный 
анализ.
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