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Abstract
_ The rate of limb fractures is growing from year to year, so an improved approach
osteosynthesis; is needed to make the treatment quicker, less expensive and more convenient for a
bone plates; patient. The operative treatment with plates can provide these advantages, but still
stainless steel; it requires continuous research to improve techniques, devices and treatment results.
titanium; The biomechanical interaction between a plate, screws and bone fragments is one of
computer modeling the critical factors that affect the stability of a fracture. The variety of fracture types,
plate types and materials that are used for their manufacturing makes it complicated
to predict the mechanical behavior of each component, so it remains not completely
researched until now. The effect of plate material and load was studied by a computer
modeling with a finite element analysis to determine high stress areas and displace-
ment.

The aim of the study. To determine the effect of material, particularly stainless
steel and titanium, on the stress in plate’s body and displacement of bone fragments
under flexion, abduction and rotational loads for plate with angular stability screws.

Materials and methods. The computer modeling with a finite element analysis
was performed in Autodesk Inventor. A model of straight 10-holes plate with angular
stability screws was created. The static stress study was performed for different loads
applied in 9o degree angle to the bone in two planes (simulating flexion and abduc-
tion forces) and rotation along the axis of the bone. The displacement and von Mises
stress were revealed in 3 different areas of the plate: the central part, just above the
fracture, and in the area of two nearest to the center holes. The flexion force applied
ranged from 100 N to 1000 N, the abduction force ranged from 100 N to 500 N and the
rotational force from 1 Nm to 10 Nm. For statistical analysis of the obtained data the
Microsoft Excel 2003 was used.

Results and discussion. The increase of the force caused more intensive stress-
es in the plate body just above the fracture site and in the area of the nearest holes
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to the plate center of the proximal fragment. The stress in stainless steel (SS) plate
was higher than in titanium plate for most of the study cases with some exceptions
for area just above the fracture site. For almost all bending less intensive loads the
stress areas in SS plates were higher than in titanium plate on 10.9 - 47.0 %, with the
exception of the central part of a plate. For the highest bending loads the difference
between plates material ranged from 14.3 % in the central part to 35.3 % in the proxi-
mal part. For most of the abduction load cases the stresses in the SS plate body were
higher except the distal part of the plate when less intensive loads were applied. The
difference for less intensive loads between SS plate and titanium plate was 0.23 - 7.0
%. For the highest loads the difference of stress between plates material ranged from
26.9 % in the proximal part to 45.1 % in the distal part. For rotational forces the stress
areas in SS plates were higher than in titanium plate on 0.47 - 4.3 %, with the larger
difference in proximal fragment. The less displacement of bone fragments was found
for SS plates comparing to titanium plates under bending, abduction and rotational
forces the difference was 5 %, 26.4 % and 79.7 % respectively.

Conclusion. For the most of the loading conditions the less stress areas were
found for titanium material compared with SS. On the other hand the displacement
of bone fragments was higher for titanium plates, particularly under rotation loads.
For the cases when the magnitude of applied loads is increasing and different forces
are combined these differences may become an important factor affecting fracture
healing.

Perspective of further research. As up to now both types of plate materials are
used in clinical practice, the results of the study can be taken into account for planning
orthopedics surgeries when plates are used for fixation, as well as for further research
on this topic.

Komm'toTepHe MopentoBaHHs fiiadizapHOTro mepenomy
IIPY OCTEOCUHTE31 TUTAHOBVIMMU Ta CTAJIEBUMU
ITACTMHAMMU 3 KYTOBOIO CTa0i/IbHICTIO TBUHTIB
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byxoBuncexuti depxabrut meduunuil yHibepcumem, Yepribyi

Kniouosi cnoBsa: AHoTarnis . ) 5
Yacmoma 8UHUKHEHHS hepe/ioMig KiHUIBOK 3 poKY 8 pik nocmiliHo 3pocmde, wo

ocmeocuHmes; ; . il o
) . 8UMdzde 800CKOHA/IEHHA ni0x00i8 00 iX AiKy8dHHSs, w06 3pobumu ueli npouec MeHW
Hakicmkosi nnacmuHu; : ;
HeDKABII0YG CTATb: mpugasauM ma Hedopo2UM, d MaKoxc binbW KOMPOPMHUM 015 nauieHma. Onepamus-
P ¢ He /liKyB8aHHS 3 3dCMOCYBAHHAM NIACMUH Moxce 3abe3neyumu Ui nepesazu, dsie ece
mumae;

W nompebye NocmiliHo20 00C/MIOMEHHA HANPAB/AEHO20 HA BOOCKOHA/IEHHS MEXHIKU
KOMN'tomepHe MOOEJIIOBAHHA.  gukoHaHHs, iMnaaHmamie ma NOKPAWEHHA pe3ysbmamis /NiKysaHHs. BiomexaHiu-
Hi 83dEMOQIT MM N1ACMUHOI, 28UHMAMU Md KiICMKOBUMU PpdzmeHmamu € 0OHUM
i3 KpUMUYHUX pakmopis, Wo 8nauUBarOMb HA cmabinbHicmb nepesnomy. HassHicme
pisHOMaHimmsa munig nepesiomig, 8udig n1dcMuH ma mamepianig, U0 8UKOpPUCMO-
8ytombCs 0415 IX 8UPOBHUUMEA, YCK/IdOHIOHMb MOMC/IUBICMb Nnepebavyumu MexXdHiyHi
83demMo0il, W0 8i06Y8AIOMbLCSA NPU 3dCMOCYBAHHI O0dHUX KOHCMPYKUill i 6azamo ac-
neKmis 3d/UWAOMbC HEOOCMAMHbLO BUBYEHUMU. Bnaus mamepiany 3 K020 8uU20-
Moe/eHd NAACMUHA Md HABAHMAMEHHA BY/1U 00C/IOMERT W/ASXOM KOMN'IOMEPHO20
MOOE/IH0BAHHA 3 3dCMOCYBAHHAM MEMOOUKU CKiIHYeHUX e/eMeHmig 0419 8U3HAYeHHs
Hatibinbw cmpecosux OiINHOK Mda 3MiUjeHHS.
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Mema 0ocnidmceHHs. BusHayumu ensiue mamepiany 3 SK020 8U20mMos/1eHd NAdc-
MUHA 3 KYmo8oto cmabi/ibHiCMIo, 30Kpemd Hepucasiroyoi cmasi ma mumay, Hd 3MiHU
il HanpymweHo-0epopmMOBaHO20 CMaHy ma 3MileHHA ppazmeHmig nepesnomy nio Odieto
NPUK/IdOeH020 32UHA/IbHO20, NPUBIOHO20 Md pomMayiliHO20 HABAHMAMEHHS.

Mamepianu i memoou. Komn’tomepHe M0o0et08dHHA 3 3dCMOCYBAHHAM Memo-
OJuKU CcKiHYeHUX esemeHmis 6ys10 nposedeHo 8 Autodesk Inventor. 3modesbo8aHd
npamd NAdCMuHa 3 Kymogoto cmabisnbHicmio 28uHmis Ha 10 omeopis. JocaiomeHHs
CMAMU4YHO20 HABAHMAXEHHS 6Y/10 NPOBEOEHO 3 NPUKAAOAHHAM 3ycu/b Ni0 Kymom
90° 90 oci KicmKu y 080X N0WUHAX (ULO CUMY/THOE 32UHAHHA md 8i0sedeHHs) md poma-
uiro 83008 OCi KiCMKU. 3MileHHa ma QifHKU nidguweHo20 cmpecy 3a poH Mizecom
BU3HAYA/UCA 8 3 YACMUHAX NAACMURU: YeHmpd/bHd Oi/ISHKA HAO 30HOK nepesomy,
ma QiffHKU HABK0/10 HalibiuxMuux 00 ueHmpy naacmuHu omsopis. Jiand3oH HaedH-
maxceHb 019 32UHAHHSA CK/1adas 8i0 100 H 00 1000 H, 015 8idsedeHHs 8i0 100 H 0o 500
H, a 028 pomayiliHo2o HasaHmaxmceHHs 8i0 1 Nm 0o 10 Nm. CmamucmuyHull aHanis
OMpPUMAHUX pe3y/ibmamis npogoouscs 3 sukopucmanHam Microsoft Excel 2003.

Pesysabmamu ma o06z080opeHHA. [Ipu 36i1bWEHHI HABAHMAMEHHA 8iOMivdnoca
NOCU/IEHHS cmpecy 8 NAdCMUHI HA0 30HOK NepesoMy Md HABKO/O Halbauxyux 00
yeHmpy n/ndacmuHU omeopis, Npu YoMy O/15 HEPHCABIiHOUOT cmasi NOKA3HUKU 6Yy/1u 8U-
wumu, Hixe 018 mumany 0415 binbwocmi pewumie HABAHMAXEHHS, AuULIe 8 NOOOUHO-
KUX 8UNadKkax HAo Qi/NfHKOK nepesnomy cumyauis 6ys1a npomusexcHor. lpu npukaa-
OdHHI 32UHA/ILHO20 HABAHMAMEHHA HU3bKOT IHMEHCUBHOCMI MAKCUMA/IbHI NOKA3HUKU
cmpecy 8 N1aCMUHAX 3 Hepa#asitouoi cmani 6yau sUWUMU HiW Yy mumany Hd 10,9 —
47,0 %, KpiM U4eHmMpd/6HOT YdCMUHU hadcmuHu. a5 6inbw iHMeHCUBHO20 32UHA/IbHO-
20 HABAHMAY(EHHSA BIOMIHHOCMI 8 cmpecosuXx OiAHKAX M mamepianamu cknadanu
8i0 14,3 % 8 ueHMpasbHiIll YacMuHi 00 35,3 % 8 NPOKCUMA/bHIl YacmuHi. B nepesaxcHil
6inbWOCMI pewumie HABAHMAMEHHS Y HANPAMKY NpusedeHHs cmpec 8 NAdCMUHI 3
Hepasitouoi cmani 6ys sUWUM, 3d BUK/IHOYEHHAM OUCMA/bHOT OiISHKU hpu Hege/u-
KUX cusax. Pi3HUUS Miuc NOKA3HUKAMU cmpecy 0415 HABAHMAMEHHAX HU3bKOI iHMeH-
cusHocmi 6yna 0,23 — 7,0 %, d Npu Nid8UUWEHUX HABAHMAMEHHAX Pi3HUUA CMAHO8U/d
8i0 26,9 % 8 npoKcuMabHill YyacmuHi 00 45,1 % 8 ducmabHil. Aas pomauiliHux HagaH-
maxceHb cmpecosi 0iAHKU 8 NIdCMUHAX 3 Hepwdgitouoi cmasi 6y/u sUWUMU Hixc y
MUMAHOBUX NIACMUHAX Ha 0,47 — 4,3 %, NnepesamcHo 8 NPOKCUMA/bHIl dinsiHui. MeHwi
3MiWEHHN KicmKosuX PppazmeHmis 6y1u 8USB/EHI 019 NAACMUH 3 HepXicasitouoi cmani
8 NOPIBHAHHI 3 MUMAHOBUMU NAACMUHAMU i CMAdHo8U/U 8i0N08IOHO 5 %, 26,4 % ma
79,7 % 019 32UHA/bHUX, NPUBiOHUX Md pomauiliHuX HABAHMAMCEHb.

BucHoeku. A1 6inbwocmi pewumie HagaHmMamceHHs HalmeHw cmpecosi Oi-
/IAHKU BY/U 8USBAEHI 8 MUMAHOBUX KOHCMPYKUINX, NOPIBHIOYU 3 HEPMWCABIOYOHD
cmanno. 3 iHWOo20 60Ky, 3MiULeHH KiICmKo8UX pazmeHmis 6y/a0 binblWum 019 mu-
MAHOBUX NAACMUH, 30Kpemd nid Jiero pomauiliHux HaBaHMaeHb. Y s8UNAOKAX KOAU
iHMeHCUBHICMb HABAHMAMEHHA 3POCMAE | NPU KOMBIHOBAHUX HABAHMAMWCEHHSAX, Ui
8iOMIHHOCMI MOMCYMb CMAMU 8d20MUM PAKMOPOM 8N/1UBY HA NPOoUeC 3pOU4EHHN ne-
penomis.

Mepcnexmuegu nodanbwiux docsiomeHb. Ha 0aHul Yac 8 KaiHiyHil npakmuui o6u-
dea 8UOU Mmamepiasia BUKOPUCMOBYHOMbLCSA y NIACMUHAX, MOMy pe3y/ibmdmu 0dHO20
00C/1i0meHHs MouCcyms 6ymu npuliHamumu 00 yedau Npu NAdHY8dHHI onepamusHuX
8MpyYdHb 3 HAKICMKOB8020 0CMEOCUHME3y nepesoMis, d makom cnpusmumyms no-
0anbWuM O0C/iOMCEHHAM 8 OAHOMY HANPAMKY.
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Actuality

In many countries the rate of limb frac-
tures is growing from year to year [1, 2], so
an improved approach is needed to make
the treatment more quick, less expensive
and more convenient for a patient [3]. The
operative treatment with plates can pro-
vide these advantages and is considered
to be one of the main techniques for frac-
ture treatment [4]. There is still a large field
for research according to improvements of
techniques, plates and screws that can af-
fect treatment results, so it requires further
biomechanical, experimental and clinical
studies. The biomechanical interaction be-
tween a plate, screws and bone fragments
is one of the critical factors for the sta-
bility of a fracture [S]. The variety of frac-
ture types, plate types and materials that
are used for their manufacturing makes
it complicated to predict the mechani-
cal behavior of each component, so it re-
mains not completely researched until now.

Computer modeling is one of modern
research methods which are used for dif-
ferent fracture locations. Mischler et al.
used it for simulation of proximal humerus
fracture fixation with two different plates
and various places for screws insertion to

calculate optimal combination for fracture
healing [6]. Epari et al. performed compu-
tational study of distal femoral fractures
after internal fixation with bone plates [7].
Other researchers used computer model-
ing to study biomechanics of tibial osteot-
omies. MacLeod et al. and Schroter et al.
studied the effect of plate design, bridge
span, types and locations of screws on the
stability of bone fragments fixation [8, 9].
The effect on the stability under static axi-
al loads of plate material and of spaces be-
tween bone fragments of fracture, between
bone and plate was studied by Fouad [10].
But still there is no clear understanding of
the biomechanical interactions after plate
osteosynthesis. The guidelines for practical
application of plates with angular stabili-
ty of screws are very general and only the
clinical experience of a surgeon advises the
proper choice for a particular case. There-
fore we decided to perform a study of the
effect of plate material and of the load on
fracture stability using computer modeling
with a finite element analysis to compare
high stress areas in SS and titanium plates,
as well as displacement of bone fragments.

The aim of the study is to determine the effect of material, particularly stainless steel
and titanium, on the stress in plate’s body and displacement of bone fragments under
flexion, abduction and rotational loads for plate with angular stability screws.

Materials and methods

The computer modeling with a finite
element analysis was performed in Autodesk
Inventor. A model of straight 10-holes plate
with angular stability screws was created
with dimensions 210x30x3 mm and six
AO 5.0 mm screws were modeled with the
threaded connection in the bone and plate
body. The bone was modeled as two hollow
cylinders of 210 mm length and 40 mm
diameter, the wall thickness of 5 mm, which
was representing the cortical layer. The
bone-plate model was meshed into 60009
finite elements (tetrahedrons) (Fig. 1). Two

https:/ /science.bsmu.edu.ua/

material types were used for plate and
screws — stainless steel 316L and titanium.
The mechanical parameters of bone were
assigned as 57 MPa ultimate strength, 10.2
GPa Yungs modulus, 0.3 Poisson’s ratio.
The linear static stress study was performed
for different loads applied at 90 degree
angle to the bone in two planes, simulating
flexion force (Fig. 1a), abduction force (Fig.
1b) and rotation along the axis of the bone
(Fig. 1c). The displacement and stress were
revealed in 3 different parts of the plate: the
central part, just above the fracture, and in
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Figure 1 — Finite element model of transverse bone fracture fixed with the plate and screws. The loads ap-
plied to the distal face: a) bending; b) abduction; c) rotation

the areas of two nearest to the center holes
proximally and distally (Fig. 2). The flexion
force applied ranged from 100 N to 1000
N, the abduction force from 100 N to 500
N and the rotational force from 1 Nm to 10
Nm. For statistical analysis of the obtained
data the Microsoft Excel 2003 was used.

The model was validated under similar
conditions in biomechanical testing on fresh
sues bones with plate fixation. The contact

surfaces between the plate and the screw
were assigned as bonded, that is represent-
ing the angular stability of a screw relating
to a plate. The contact surfaces between
the plate and bone, and between the bone
fragments were set as full separation with
a friction coefficient of 0.3 and 0.6 respec-
tively. The maximum von Mises stress was
measured in control points, as well as the
bone ends displacement at the fracture site.

Figure 2 — The location of probes for stress detection in proximal part (zone a), central part (zone b), distal
part (zone c), and for detection of distal fragment displacement in distal cortex (zone d)
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Results of the study

The computer modeling of plate osteo-
synthesis was performed for static stress
loads that were applied to the distal end
of one bone segment and the proximal end
of another segment was fixed in all three
planes. That was representing the real-life
conditions for a transverse limb fracture
with two main bone segments, when the
proximal one is attached to the proximal
part of the body and so its movement is
almost completely restricted. Therefore
the distal fragment is considered the one
which is displaced. The applied force was
transferred from one bone segment to an-
other one through the screws in the distal
fragment, than the plate body and than
the screws in another bone fragment. In
this way of the force distribution the dif-
ferent stress areas and strains in each of
the materials were developing. The maxi-
mum stress areas were detected in different
parts of plate above the fracture site. Those
were divided in three zones: first zone be-
tween two the nearest holes to the plate
center (central part), next zones were be-
tween the first and the second holes more
proximally (proximal part) and distally
(distal part) from the plate center (Fig. 2).

The most distal facet of the distal frag-
ment was the place of the main bending
force application with the direction perpen-
dicular to the longitudinal axis of the bone
and to the plane of the plate at the range
from 100 N to 1000 N. For SS plates under
100 N loads the stress was 29.1 MPa, 39.6
MPa and 32.5 MPa in the proximal, central
and distal parts respectively. For titanium
plates these values were lower — in prox-
imal part 19.8 MPa, in central part 41.2
MPa and in distal part 29.3 MPa (Fig. 3).

The stress distribution in plates under
different loads is presented it Table 1. For
most of the load cases the stresses in the
plate body were significantly higher for SS
plates with the exception of central part of
the plate. The maximum stresses that ex-

https:/ /science.bsmu.edu.ua/

ceeded the ultimate strength of material
were reached at 1000 N, so these condi-
tions should be avoided to prevent implant
failure. For almost all bending less inten-
sive loads the stress areas in SS plates
were higher than in titanium plate on 10.9
- 47.0 %, with the exception of the central
part of a plate. The largest difference was
found in the proximal fragment. For the
highest loads the difference between plates
material ranged from 14.3 % in the cen-
tral part to 35.3 % in the proximal part.

The rotational force was applied to the
most distal facet of the distal fragment
along the longitudinal axis of the bone.
It was ranged from 1 Nm to 10 Nm. The
stresses in SS plates under 1 Nm torque
the stress were 30.5 MPa, 21.0 MPa and
15.9 MPa in the proximal, central and
distal parts respectively. For titanium
plates these values were lower — in prox-
imal part 29.2 MPa, in central part 20.9
MPa and in distal part 15.4 MPa (Fig. 4).

The stress distribution in plates un-
der different torque is presented it Table
2. The rotational forces are usually act-
ing as additional forces with low intensi-
ty. But the negative effect of these forces
on the fracture often leads to the delayed
healing. For all loading conditions the
stress areas in SS plates were higher than
in titanium plate on 0.47 - 4.3 %, with the
larger difference in proximal fragment.

The abduction force was also applied
to the most distal facet of the distal bone
fragment. The direction was perpendicular
to the longitudinal axis of the bone and par-
allel to the plane of the plate. In real-life
conditions it is acting on the limb, as a part
of the complex forces, but its magnitude is
less than of flexion force. So in our study
this force was applied in the range from
100 N to 500 N. The stresses in SS plate
under 100 N load were: in proximal part
60.3 MPa, in central part 43.0 MPa and in
distal part 34.7 MPa. For titanium plates
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Figure 3 — Stress distribution in the plate and displacement of distal bone fragment in SS (a) and tita-
nium (b) plates under bending load 100N

Table 1
The stress distribution in different parts of SS and titanium plates under bending loads
Load Von Mises stress (MPa)
Proximal part Central part Distal part
SS Ti SS Ti SS Ti

100 N 29.1 19.8 39.6 41.2 32.5 29.3
S00 N 109.9 47.2 156.1 82.6 61.8 32.3
1000 N 226.9 167.7 358.7 313.9 329.8 284.4
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Figure 4 — Stress distribution in the plate and displacement of distal bone fragment in SS and titanium

The

plates under rotational torque of 1 Nm

Table 2

stress distribution in different parts of SS and titanium plates under rotational force

Von Mises stress (MPa)

Torque
Proximal part Central part Distal part
SS Ti SS Ti SS Ti
1 Nm 30.5 29.2 21.0 20.9 15.9 15.4
S5 Nm 152.4 146.1 105.2 104.7 79.6 76.8
10 Nm 304.8 292.2 210.3 209.4 159.1 153.6

these values were lower — in proximal part
56.1 MPa, in central part 42.9 MPa and
higher in distal part 35.6 MPa (Fig. 5). The

https:/ /science.bsmu.edu.ua/

stress distribution in plates under different

adduction loads are presented it Table 3.

For most of the abduction load cases the
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Figure 5 — Stress distribution in the plate and displacement of distal bone fragment in SS and titanium
plates under abduction loads of 100 N

Table 3
The stress distribution in SS and titanium plates under abduction loads
Load Von Mises stress (MPa)
Proximal part Central part Distal part
SS Ti SS Ti SS Ti
100 N 60.3 56.1 43.0 42.9 34.7 35.6
200 N 121.5 112.7 87.9 86.5 71.5 72.1
S00N 284.8 224.4 234.0 184.8 202.2 139.4

stresses in the SS plate body were higher
except the distal part of the plate when less
intensive loads were applied. The difference
for less intensive loads between SS plate

https:/ /science.bsmu.edu.ua/

and titanium plate was 0.23 - 7.0 %. For
the highest loads the difference between
plates material ranged from 26.9 % in the
proximal part to 45.1 % in the distal part.
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For different applied loads: bending, ab-
duction and rotational forces the displace-
ment was checked in the distal cortex of the
distal bone fragment according to its posi-
tion before the load. The displacement of
bone fragments under bending, abduction
and rotational forces is presented on Fig. 6

with the difference between SS and titani-
Displacement under bending load Displacement

um plates of 5 %, 26.4 % and 79.7 % respec-
tively. Due to the mechanical properties of
SS it provides more rigid fixation and that
was resulted in less displacement of frac-
ture fragments. Though the amount of dis-
placement is not significant for small loads,
for the larger loads it may be the cause of

delayed fracture healing and non-healing.

under abduction load Displacement under rotational force
2,500

12,000 12,00
10,000 / 10,00 2,000 /
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Figure 6 — Displacement of distal bone fragment under bending, abduction and rotational loads

Discussion

The results of our study show that the
stress for plates made of different materi-
als was not the same. Under the increasing
forces the maximum stress areas were in-
creased in both plates. As the plate materi-
al was the only variable that was changed,
so the differences between the stresses in
the plate body were related with the me-
chanical properties of SS and titanium.
There were several papers that attempted
to study the effect of the plate material on
the fracture biomechanics after internal
fixation. Epari et al., 2021 compared SS
plates with biphasic plates for fixation of
femoral fractures, with a different respond
on applied load. Authors are suggesting bi-
phasic plate concept, as an option that can
increase the implant stability and provide
adequate flexibility at the fracture site [7].
In most of the biomechanical studies the
effect of axial compression load is investi-
gated, as the main load acting during walk-
ing activity. But in some papers additional
load which is acting in other planes is stud-
ied. The Fouad performed a computation-

https:/ /science.bsmu.edu.ua/

al study in 2011, comparing the effect of
plate material on the stiffness of fracture
fixation. The effect on the high-stress ar-
eas of the torsional load was shown to be
even more significant than compression
load. The application of suggested by him
function-graded plate was able to reduce
shielding effect comparing with the SS or
titanium plates. The presence of a gap be-
tween the bone and plate was also affect-
ing the stability of fracture fixation [10].

At this moment there were two main
materials that are used in clinical practice.
The significant price difference between the
plates made of SS and titanium was de-
creases in recent years due to the advanc-
es in the manufacturing process. So the
plate’s mechanical properties, but not the
price is the predicting factor for choosing
either SS or titanium plate. That makes it
more important to study difference between
these two materials in various clinical set-
tings. For fractures located at the proximal
humerus the studies were performed by
Mischler et al [6] and lower limb fractures
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located at the distal femur the were studied
by Kandemir in 2017 [11], and in the proxi-
mal tibia by MacLeod [8]. Of cause the ana-
tomical peculiarities of fracture site makes
it complicated to investigate the effect of the
material on fracture fixation. Also this effect
may vary significantly for different fracture
types andlocations. But the effect of the plate

Conclusion

For the most of the loading conditions
the less stress areas were found for tita-
nium material compared with SS. On the
other hand the displacement of bone frag-
ments was higher for titanium plates, par-
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