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Abstract

Periprosthetic fractures of the proximal femur pose a significant medico-social problem, as their treatment is complicated by the
presence of a prosthetic stem in the medullary canal, which makes fragment fixation difficult and determines the stability of the prosthesis.
According to the expert group of the World Health Organization, up to 1 million 500 thousand total hip replacements are performed annually
in the world. According to various data, the prevalence of periprosthetic femoral fractures varies over a wide range - from 0.1 to 46.0%, which is
a significant medical and social problem. he main problem in the treatment of periprosthetic fractures is the presence of a prosthetic leg in the
bone marrow canal, which makes it difficult to fix fragments and determines the stability of the prosthesis leg.

The purpose of this study to conduct mathematical modeling of a domestically developed plate for use in fixing periprosthetic
fractures of the proximal femur.

Materials and methods. The examination of the plate for fixation of periprosthetic fractures of the proximal femur was carried
out using the finite element method. For the computer implementation of the FEM, there were used COMPASS-3D, Autodesk Inventor PRO
and SolidWorks programs. The physical and mechanical parameters of the system components taken from the references data were used for
calculations.

Results. The performed the stress-strain state calculations showed that the magnitude of stresses arising under the influence of a load
does not exceed the strength limit of the plate material 900-1100 MPa, the greatest stresses in the periprosthetic plate occurring in the area of
the holes of the locking screws and side paired holes, it also does not exceed the permissible strength values and is 56.48 MPa.

Conclusion. According to the results of the conducted studies, it can be concluded that there is a sufficient margin of safety of the
periprosthetic plate for fixing periprosthetic fractures of the proximal femur and of the system «femur - endoprosthesis - periprosthetic plate»
as a whole.
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Introduction

According to the expert group of the World Health
Organization, up to 1 million 500 thousand total hip
replacements are performed annually in the world. The
number of total hip arthroplasties (THA) has increased
by 80% in Germany and the European Community over
the past 5 years and amounts to 175 thousand per year
(Germany) [1-3]. In Kazakhstan, this figure is more than
5,000 operations per year. The growing popularity and
widespread use of THA naturally leads to an increase in the
total number of complications both during surgery and in
the postoperative period [4-6].

One of them is a per prosthetic fracture - bone
destruction in the area of the endoprosthesis components,
and the presence of an intramedullary implant can
significantly complicate reposition and treatment. According
to the references, the prevalence of per prosthetic femoral
fractures (PFF) varies in a wide range - from 0.1 to 46.0%,
which is a significant medical and social problem [7-9].

Despite the wide choice of treatment for such
patients with various options of osteosynthesis or
reendoprosthesis, the number of complications, such as
the formation of a false joint, instability of the prosthesis,
occur in 37% of cases [10, 11]. Currently, there is no single
generally accepted treatment strategy for PFF. The main
problem in the treatment of per prosthetic fractures is the
presence of a prostheticlegin the bone marrow canal (BMC),
which makes it difficult to fix fragments and determines the
stability of the prosthesis leg [12]. Per prosthetic fractures
are always a more difficult problem than ordinary fractures
for two main reasons. Firstly, it is more difficult to fix bone

Materials and methods

The examination of the plate for fixation of per
prosthetic fractures of the proximal femur was carried out

fragments, and secondly, it is necessary to restore the
stability and function of the end prosthesis. To date, there
are several methods of surgical treatment of this category
of patients.

Treatment of PFF with an external fixation device
has not been widely used [13]. The main advantage of this
method is low injury, but the risk of infection increases,
which is a formidable complication.

Intramedullary fixation is used with a long revision
leg reaching the middle third of the thigh. In cases of
instability of the endoprosthesis, this option is the method of
choice. However, with a stable leg of the femoral component
of the endoprosthesis, this technique is irrational due to the
high traumatic nature of the surgery.

Extra medullary osteosynthesis with the use of a
locking compression plate (LCP) plate with angular stability
and monocortical fixation of screws has become the most
widespread in the surgical treatment of PFF [14]. However,
monocortical osteosynthesis is often ineffective, since for
reliable screw integration, the modified cortical bone plate
as aresult of osteoporosis is not always suitable: it manages
to accommodate a small number of turns, compared with
traditional bone osteosynthesis. Angular stabilization of the
screws does not solve this problem, but only exacerbates it
by increasing the risk of diastasis during lysis of the ends of
bone fragments.

The purpose of this study is to conduct
mathematical modeling of a domestically developed plate
for use in fixing periprosthetic fractures of the proximal
femur.

using the finite element method (FEM) [15,16]. The plate
design is shown on Figure 1.

Figure 1 - Plate design for fixation of periprosthetic fractures of the proximal femur

For the computer implementation of the FEM, there
were used COMPASS-3D APM FEM, Autodesk Inventor
PRO and SolidWorks programs [17,18]. The physical and
mechanical parameters of the system components taken
from the references data were used for calculations [19-22].

As the main functional resultant load, the force
applied in the center of the endoprosthesis head in a
direction of 10° relative to the hip axis and having a value of
Fis equal to 1000 N [21].

Figure 2 - Computer model and finite element grid of the investigated system “femur — endoprosthesis - periprosthetic plate”

Using the finite element method, mathematical
computer modeling of the stress-strain state (SSS)
was carried out and the interaction of elements of

the biomechanical system “femur - endoprosthesis -
periprosthetic plate” was studied [15-18].
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Based on X-rays, anatomical atlases and references,
mathematical 3D models of the femur, endoprosthesis
and plate were developed and the system “femur -
endoprosthesis - periprosthetic plate” was developed.
The computational model of the femur with an installed

Results

Figure 3 shows the stress distribution over the
entire surface of the periprosthetic plate from the outer and
inner sides.

Based on the results of the conducted studies, it

endoprosthesis and a periprosthetic plate was presented
from 57.873 elements - linear tetrahedra. The total number
of nodes was 96.635. Three-dimensional 3D computer
models and a finite element grid of the system are shown
in Figure 2.

was concluded that there is a sufficient margin of safety
of the periprosthetic plate and of the system “femur -
endoprosthesis - periprosthetic plate” as a whole (Table 1).

Table 1 - Physical and mechanical parameters of the simulated systems

alloy

Material Modulus of elasticity, MPa Poisson’s ratio
The cortical bone 15.000 0.3
Spongy bone 1.000 0.3
Plate, prosthesis, screws, Titanium 110.000 0.3

The performed SSS calculations (Figures 3-6)
showed that the magnitude of stresses arising under the
influence of a load does not exceed the strength limit of
the plate material 900-1100 MPa, the greatest stresses in
the periprosthetic plate occurring in the area of the holes

Table 2 - Comparative results of stress-strain state calculations

of the locking screws and side paired holes, it also does
not exceed the permissible strength values and is 56.48
MPa. The largest displacement occurs in the head of the
endoprosthesis and is equal to 0.35 mm. The minimum
safety factor for the plate is 4.88 (Table 2).

No Indicators The periprosthetic plate The femur Endoprosthesis
| Maximum equlva}ent voltage according to 56.48 258 111.8
Mises, MPa
2 Maximum linear displacement, mm 0.21 0.24 0.35
3 Minimum safety factor 4.88 0.80 2.46

It should be noted that, according to the obtained
research results (Figure 3), we observe an asymmetric
stress distribution in the central part of the periprosthetic
plate, they are shifted to the left (if viewed from the outer

d
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side of the plate). This may be due to the nature of the
fracture in question or the geometry of the plate (in the
axial direction it does not provide anatomical contouring of
the femur).

b
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Figure 4 -The stress distribution pattern according to Mises in MPa for: a) the entire femur-endoprosthesis-plate system b)
endoprosthesis and plate
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Figure 5 - Picture of the distribution of displacements of system elements in mm for: a) the entire system femur-endoprosthesis-plate
b) endoprosthesis and plate

Discussion

This  study investigated the biomechanical
properties of a novel locking plate for fixation of
periprosthetic fractures of the proximal femur (PFF) using
finite element analysis. The results demonstrate that the
plate design possesses sufficient safety margins, ensuring

its suitability for PFF treatment.

Key findings. Stress distribution: The analysis
revealed that stress levels within the plate do not exceed
the material’s yield strength, indicating a sufficient safety
margin.

Maximum stress points: The areas of highest stress
concentration were identified as the locking screw holes
and the side paired holes, suggesting the need for careful
screw placement and a robust design in these regions.

Overall system stability: The biomechanical
model of the femur-endoprosthesis-plate system revealed
sufficient safety margins, indicating that the proposed plate
design can effectively stabilize the bone and prosthetic
components in a PFF scenario.

Implications of the findings. The findings of this
study have significant implications for the developmentand
application of novel fixation devices for PFF treatment. The
proposed plate design addresses the challenges associated

Conclusion

The current study offers promising biomechanical
evidence for the feasibility and safety of the proposed
plate for PFF fixation. Future research should address the
identified limitations and conduct clinical trials to validate
the potential clinical benefits of this novel design.
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Tyilingeme

IIpokcumanvouvl caH cylleziHiy nepunpomesodik CblHbIKMAP MAaHbI30bI MEOUYUHAbIK-21eyMemmIK Macese 601bin MabblL1adbL.
OilimkeHi onapodul emoey cyliek kaHaabiHOa npome3dik asKkmbly 601ybIMeH KUbIHOaUObL, 6y cbiHbikmapdbl 6ekimyoi KublHdamaods! jicaHe
npome3diy mypaKmulabiFelH aHblkmatiovsl. yHuesicysinik deHcaynblk cakmay yibIMbIHbIH capanulbl mobblHblH MaiiMemi 6olibiHua a1emoe
JHCbLA catiblH Heambac xeambacmapwl xcaansl 1 muaauon 500 mbiyFa delli ayblcmblpy onepayuscel xcacanadsl. dpmypai masimemmepee
catikec, scambac cyliekmepiHiy nepunpomesdik colHbiKmapsiHbly mapaayst 0,1-den 46,0% -ra detiiH aybimKudbl, 6y MaHbl30bl MEOUYUHANbLK
JicoHe asieymemmik Macese 604bin mabwulLiadsl. [lepunpomesdik cbiHbiKmapdul emdeydezi Hezizei macene @pazmenmmepdi bekimyodi
KublHOamamolH JcaHe npome3dik asKkmbvly MypaKmblLiblFblH aQHLIKMAUMbIH MedyaspAablk apHada npome3dik askmoly 60.1ybl 60.1bin
mabbLiadsl.

3epmmeydiy makcamvl: xcambac cylieciHif nepunpome3oik cblHblKMapbslH 6ekimyde K0oA0aHyFa apHAAFaH OMAHIbIK NAACMUHAHbBIH
MaAmeMamuKkablK MoOeaiH OpbIHOaY.

ddicmepi. Asik cylie2iHiH npokcumaabobl cyliekmepiniy nepunpome3sodik CblHbIKMAPbIH 6eKimyze apHAFaH NAACMUHAHbI 3epmmey
aKblpabl 31emeHmmep adicimeH Jicypei3indi. AKbipFel 31emeHnmmep adiciH komnblomepde scy3eze acblpy ywin COMPASS-3D, Autodesk
Inventor PRO scane SolidWorks 6ardapsaamasapst natidananviadvl. Ecenmeyaep ywin aHvikmamaavlk depekmepdeH a/nblHFaH Jcylie
KOMNOHeHMmepiHiH (pUsUKabIK dHcaHe MexaHUKa/ablK napamempaepi natioanaHulaodbl.

Hamuoiceci. KepHney - degpopmayus kylin ecenmeysep icykmiH acepiHeH natida 601amuiH KepHeyaepdiH wamacsl naacmuHa
MamepuaaviHulH co3blay bepikmieiven 900-1100 Mlla acnaiimeinbiH kepcemmi. [lepunpome3dik naacmuHadarvl ey HoFrapbl KepHeyaep
caHwvlLaayaap, bekimkiw 6ypaxdanap scaHe 6yUipAiK jHcynmaaran mecikmep atimarbiHOa natida 601adbl, COHbIMEH Kamap pykcam eminzex
6epikmik MaHdepiHeH acnatidel scaHe 56,48 MIla Kypatiosl.

KopbimuviHdbl. 3epmmey HomudicenepiHe cylieHe omblpbin, CaH cylie2iHiy npoKcumaabobl hepunpome3odik CbIHLIKMAPbIH JHcIHE
mymacmail aaranda «caw cytieai - sHdonpome3sdey - nepunpomesodik naacmuHKka» Jicyliecin 6ekimy ywiH nepunpome3sodik N1acmuHaHblH
Jcemkinikmi Kayincizdik wezi 6ap den KopblmuIHObL dcacayra 601a0bl.

Tytiin ce3dep: naacmuHa, nepunpome3soiK CbIHbIK, HAMOACMbIH HCAANBI APMPONAACMUKACHL.

MarteMaTh4yeckKkoe MOA€e/IMPpOBAaHUE IVIACTUHBI AJIA (l)mccaunn NepunpoTe3HbIX NepejioMoOB
NPOKCUMAJIBHOI'O OTAEIa 6e;[pel-moi«'l KOCTH

Bajirazapos A.C. !, Barnen A.H. ?, Baarazapos C.C. 3, Fop6ynoB B.H. *, Pamazanos X.K. 5,
Aounos P.C. ¢, Kpukausbiéd A.A. 7, Mopomas A.B. 8 AtenuieBa A.M. °

Pe3wome

Ilepunpome3Hble nepesombl  NPOKCUMA/IbHO20 omdeaa 6edpeHHOU Kocmu — S8ASHmcsi  3HAYUMOU — MedUKO-Coyua/abHoll
npo6saemoli, mak Kak ux JevyeHue 3ampyoHeHO HAJAUuYueM Npome3HOlU HOMCKU 8 KOCMHOMO032080M KAHAJe, YMo YCA0xcHsiem ukcayuio
omsomKkog u onpedeasiem cmabusabHocmb npomesa. Ilo daHHbiM 3kcnepmHoil epynnel BcemupHoil opzanuzayuu 30pasooxpaHeHusi,
edxce200HO 8 mupe nposodumcsi do 1 muaauona 500 moeicsiu momaavHbix IHAONpome3uposaruli masobedpeHHozo cycmasa. Ilo pasHvim
OJaHHbIM, pACNPOCMPAHEHHOCMb NEPUNPOME3HbIX NepesaoMos 6edpa kosebaemcs 8 npedesax - om 0,1 do 46,0%, umo sieasemcst 3HauyuUMoU
MeduKo-coyuanbHoli npobaemoll. OCHOBHOU Npo6aeMoll eyeHUsl NepunPoOMe3HbIX NepesoMo8 s8A51emcsl Haauvue NPome3HoU HOXCKU 8
KOCMHOMO032080M KaHaJie, Ymo 3ampyoHsiem gukcayuro omaomkos u onpedeisiem cmabuabHOCMb HOHCKU NPpomesa.

Lenv uccaedosanus: nposecmu mamemamuyecke ModeAuposaHue NJAACMuUHbl omeyecmeeHHoU paspabomxu 0451 npuMeHeHUst npu
dukcayuu nepunpomesHblX nepes0M08 NPOKCUMAIbHO20 omaeaa 6edpeHHOlU Kocmu.

Mamepuaabvt  u memodul. Hccnedosanue naacmuMel 0451 Gukcayuu nepunpomesHblx nepesoMo8 NpoKCUMAAbHO20 omoeaa
6edpeHHOll Kocmu npogoduau memodoM KOHEYHbIX 3/1emeHmos. [las kKomnviomepHolU peaaudayuu memoda KOHEYHbIX 3/1eMeHmos
ucnov3osanucsb npozpammel COMPASS-3D, Autodesk Inventor PRO u SolidWorks. /]las pacuemog ucnosns3o8aauch usuko-mexaHu4eckue
napamempusl KOMNOHEHMO8 CUCMEMbl, 8351Mble U3 CNPABOYHbIX OAHHbIX.

Pesynemamel. [IposedeHHble pacyemsl HANpsijieHHO-0e@OPMUPOBAHHO20 COCMOSIHUS NOKA3AAU, YMO 8eAUYUHA HANpsxceHul,
803HUKalowux nod delicmeueM Hazpy3ku, He npesviuiaem npedead NpovyHocmu mamepuaaa niacmutst 900-1100 MIla. Hau6oavwiue
HAanNpsijceHust 8 0K010npome3Hol naacmuHKe 803HUKAIOM 6 palioHe omeepcmuli, CMonopHbIX 8UHMOB U GOKOBbIX NAPHBIX omeepcmull u
makice He npesblwaem donycmuMuIX 3Ha4eHull npoyHocmu u cocmagasem 56,48 Mlla.

Buigodsl. [lo pesynbmamam nposedeHHbIX UCCA€08AHUL MOKCHO cOea1amb 8b1600 0 HAAUYUU JOCMAMO4H020 3anaca NPoYHOCMu
nepunpomesHoll nAacmuHku 045 PuKcayuu nepunpomesHblX NepesoMO8 NPOKCUMAAbHO20 omodesna 6GedpeHHOU Kocmu U cucmembl
«bedpeHHast kKocmbe — 3HJONpomMe3s — nepunpomMe3Hasi NAACMUHKA» 8 Yes10M.

Kaniouesble cnosa: naacmuHa, nepunpomesHblﬁ nepesiom, momasavHoe 3H00npomesupaeaHue ma306e()peHHozo cycmasa.
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