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Abstract. This paper discusses the methods of fasteningnact# reinforcement plate to the
bone. In order to identify the advantages and dmathges of different types of plates,
computer modeling and strength analysis was peddrnfor two plates, which were
manufactured from different materials and which ky@d different mounting design
elements.
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Introduction

Clavicle fractures are quite frequent. They consitup to 4% of all fractures of human
bones. A clavicle may be dislocated or broken seaaf falling down, due to car accident or as
a result of sports trauma. Fracture or dislocaliappens when falling down on straight arms or
when hitting a shoulder. The effect of the hit jgassn to the clavicle through the arm. In more
than 76% of all cases the clavicle breaks in thedfei In the case of open clavicle fracture it is
necessary to anatomically reconstruct parts of bheken bone, to preserve bone blood
circulation (healing time and growing of the bomedopminantly depends on it), and to protect
the body from infection. Therefore surgery is parfed on the bone: during the surgery the
broken parts of the bone are connected with a sp@tate — an implantThe plates are
manufactured from special metals and their alldiganjum, titanium alloys, stainless steel),
which do not induce a reaction in the body, andplages are attached to the bone with screws
[1-3].

Two methods of fastening the clavicle plate areyamea in the work: fastening with the
screws, when their heads are fixed in the platk thi¢ help of a thread, and fastening by means
of screws, the heads of which may slide along tatef4].

The aim of the work is to determine advantages dinddvantages of different types of
plates by performing numerical analysis of the idigy joined by plates with fastening screws,
fixed and not fixed in it. For that purpose georicelrand computational models of the clavicle,
joined by a plate, are constructed, following byesgth computations by means of finite
element method under varying plate material antdfésg method [5].

Fastening of a clavicle plate to the bone

Plates, intended for joining the fractured clavi@itég. 1), are fastened with screws with
heads from stainless steel or titanium alloy, whitdy be fixated (with a special thread) or not
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fixated in the manufactured plate (Fig. 2). Thaeia intended to join the broken bone for it to
stay stable and to grow together in an anatomiaalyect way, and when the bone becomes
stronger, the plate is taken out. The conditiofuattionality of the joint is that the details that
are tightened together should not move with re¢mehch other [6,7].

a b

Fig. 2. Clavicle plates used in surgery with a threadxaté the screw head (a) and without the thread (b)

Seeking to ensure the quality of plate mountingg firimary pre-stress should be
composed as accurately as possible. If pre-steesizoi small, the joint does not perform the
necessary function (e.g., the bone grows togettatequately), if it is too large, the bone may
be damaged when screwing the screws too much. Xiak farce of the screw is calculated
from the formula:

T
Fy = 1

M 0.5(d2 -tg((o+p )+ Uy~ DV) 1)
where: T, — total tightening momentp — rising angle of thread coih’— assumed angle of

friction, ug— coefficient of friction of support surface,— middle diameter of support surface.
In the analyzed case:

15

=518N
0.5-(0.025tg( 7 1)+ 015 0045

FM =
2
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Computational model of a clavicle, reinforced witha plate

In order to perform the calculated strength analgé a clavicle plate firstly a computer
geometrical model of the system is created. So&v@olidWorks is used for this task. It can be
used to model surfaces or bodies of complicatetiadarms (curvilinear), and the models may
be used for the engineering analysis to be perfdrmi¢h the help of finite element method
within SolidWorks environment.

Spatial geometrical models of a clavicle, reinémlcwith two types of plates, were
developed in this research work. In one of the rwtlee plate is fastened with screws, the
heads of which are fixated in the plate, in anotimedel they may slide in oblong openings
(Fig. 3), assessing plate materials. The geométnalel of the clavicle consists from two
layers: 2-mme-thick hard outer layer and a porolliadj inside.

Fig. 3. Geometrical models of a clavicle, reinforced wétiplate, and position of the screw head in the
plate: a — fixated; b — sliding

Numerical analysis of a clavicle reinforced with glate

Based on the geometrical models of a claviclsfoeced with a plate, computational
models employing finite elements were composeckength analysis was performed imitating
the bending of a system that is fixed at one eadt{lever-type fixing), by loading the free end
with a static force, as the bone, fixed in the nedés resting on a rigid support (Fig. 4). Since
the real system (clavicle) is not fixed very rigidth the human body, the analysis is performed
in a linear regime, i.e. assuming that the platenigacted by loads that do not induce plastic
deformations. Characteristics of materials of thedet elements are presented in Table 1. A
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real contact condition is indicated between theesponding surfaces of bone and plate as well
as between bone and support, and the tightenitigeoplate to the bone (with a 50 N force) is
modeled by a bolt connector, fixating or not fixitig 2.5 mm diameter screw head in the plate
(in the latter case a transitional bush is modelditionally, Fig. 3, b).

Fig. 4. Boundary conditions of the computational modeh afavicle, reinforced with a plate

Table 1. Material characteristics of model elements ofawicle, reinforced with a plate

Material Yield limit, MPa Poisson’s ratio
Titanium alloy Ti6AI4V 795 0.31
Stainless steel
X2CrNiM01812 190 0.27
Hard bone 106 0.39
Porous bone 60 0.29

The model is meshed by means of spatial tetrahédige elements (of 3 mm global
size), in separate zones breaking the elementsmionZhard outer bone), 1 mm (plates), and
0.25 mm (surfaces of the middle opening).

Parametric analysis was carried out with varymadks and plate material characteristics
(steel or titanium alloy), which provided systemess deformation state. Based on maximum
equivalent von Misses stresses (Fig. 5) the maximpermissible bending force was determined
in the cases of plates made from different materéald attached to the clavicle in different
ways (Table 2).

Numerical analysis revealed that in all casesntitere of plate deformation is the same
— it starts to bend in the middle, where the baresjoined, where the maximum stress zone is
formed. The plate of titanium alloy Ti6Al4V is olotisly stronger, because the permissible
level of stresses (yield limit) is reached under Bending force of 180 N, whereas the yield
limit in a steel plate is reached already for ted of 20 N.
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Mool name: sistemeta_TEAT4V_0.05
Study name: Ttanss fic
Plat type: Stetic nodsl stress Streset

wvon Mises (Mmm"2 (MPa))
7.738e+002
H 3.8698+002
B.4492+001
a

Motlel name: sistemata_4S1.316L_bv
Study name: Plienas_siankigjantis
Flot type: Static nodal stress Stress?
Deformation scale; 1

van Mises (Ninme2 (MP))
1.7952+002
I 1 64524002
| 1 4354002
. 1:346e+002
118684002
| 1.047e002
ﬂ 57384001
| Ta7TeIm
| 598284001
. 44362001
289124001
1 4952+001

b

1.410e-007

Fig. 8. Fields of stress distribution in the clavicle-platystem: a — with fixated screws in a titaniuroall
plate; b — with non-fixated screws in a stainlgsglsplate

Table 2Main boundary conditions and analysis result$iefdcomputational model

Bound diti Fixed screws Ngrt\-f_ixled sc'[evxis
oundary conditions I . ainless stee
Titanium alloy Ti6AI4V X2CrNiMo1812
LoadN 180 20
Space between bonesm 0.05 0.1
Axial force of screwN 50 50
Friction between bone and plate 0.3 0.3
Yield limit, MPa 795 190
Von Misses stressellPa 760 185
Total shift, mm 8.7 1.8
Deformation 0.053 0.014
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Conclusions

This paper analyzed the methods of fastening theicte reinforcement plate to the

bone. Geometrical and computational finite elenrmeotiels were developed. They were used to
perform numerical analysis of plates that are nfemi® various materials and employ different
fastening approaches. Computations demonstratddirthall considered cases the nature of
plate deformation was the same and that the platégaaium alloy Ti6Al4V sustained higher
loads in comparison to other materials used dwinlations.
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