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ABSTRACT

Purpose: The paper presents computer simulation results of displacement, strain and stresses in the plate used in
treatment of the pectus excavatum.

Design/methodology/approach: The numerical analysis was performed for selected models of the stabilizing
plates made of the Cr-Ni-Mo stainless steel (AISI 316L) and Ti-6Al1-4V ELI alloy.

Findings: The displacement, strain and stress analyses showed the diverse results depending on the plates
geometry and the properties of the applied metallic biomaterial. The numerical analysis shows that stresses in plates
didn’t exceed the yield point: for the stainless steel R, ,min=690 MPa and Ti-6Al-4V ELI - R ,min=895 MPa.

Research limitations/implications: The limitations were connected both with the necessity of simplifications
applied to the numerical model and with the established boundary conditions.

Practical implications: The obtained results are the basis for the stabilizing plate optimization to ensure
favorable conditions for the pectus excavatum treatment.

Originality/value: The work presents the displacement-strain-stress characteristics obtained on the basis of the

numerical analysis.
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METHODOLOG

1. Introduction

Occurrence pactus excavatum is about 2% but surgical treatment
is necessary for about 25% of patients. This type of deformation is
almost 2 times frequent in boys than girls. In 1998 Donald Nuss
introduced anew, minimally invasive technique of funnel chest
treatment. Short hospitalization time and good temporary cosmetic
result are doubtless advantages of this method. Implantation
technique consists: general anaesthesia, selection of the proper length
of the fixation plate and appropriate bent, incision of skin, insertion of

thoracoscope, insertion of clamp, insertion of bent plate and reversion Fig. 1. Implantation technique of fixation plate - Nuss metod:
of the plate (180°) and correction of deformation — fig. 1 [1-6]. a,b — selection of length of the plate [3]
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Fig. 2. Implantation technique of fixation plate - Nuss metod:
a,b — modelling of the plate, ¢ - insertation of bent plate, d —Xray
of the chest after implantation [3,5]

The aim of the work was numerical analysis of the plates
used in funnel chest treatment.

2. Material and methods

The researches were performed on plates made of the Cr-Ni-
Mo stainless steel (AISI 316LVM) of the highest purity, that meet
all the requirements enclosed in PN ISO 5832-1 standard and Ti-
6A1-4V ELI alloy [7+10]. Steinless steel are also used in
orthopaedic surgery, stomatology, operative cardiology and
urology [11+18].

The first part of the work was the creation of physical
models of the stabilizing plate. The analyses were performed for 2
kind of plates:

e thickness g=2,5 and 3,5 mm,

e length 1=160 and 200 mm.

On the basis of the geometrical models a finite element mesh
was generated. The meshing was realized with the use of the
SOLIDA45 element — fig. 3. This type of element is used for the
three-dimensional modeling of solid structures. The element is
defined by eight nodes having three degrees of freedom at each
node: translations in the nodal x, y, and z directions.

After discretisation the following boundary conditions were set:

e the outer plane of the plate was loaded with the force directed
inward — the sternum reaction - F,

o the degrees of freedom were taken away in the way reflecting
the displacement of the real object,

e the plate was loaded with the maximum force which didn’t
cause the exceeding of the metallic biomaterial yield stress
(Cr-Ni-Mo - Ryp,min=690 MPa and Ti-6Al-4V ELI -
Ry0,min=895 MPa),

The following material properties were set:

e stainless steel Cr-Ni-Mo [19]:

e Young modulus E=200000 MPa,

e Poisson’s ratio v= 0,33,

e titanium alloy - Ti-Al-4V ELI [20]:
¢ Young modulus E=110000 MPa,

e Poisson’s ratio v=0,33.

Fig. 3. Discrete model,
taken degrees of freedom <—
F —loading force

All calculations were performed with the use of the finite
element method in the ANSYS 10 program.

3. Results

The obtained displacements, strains and stresses are the reduced
values according to the Huber-Mises-Henck hypothesis. The
obtained results were presented in table as well as in the graphic
form — table 1, fig. 4-9.

Table 1.
The maximum forces affecting the plate depending on its
thickness and metallic biomaterial

. g, 1, Displ., Strain, Stress,
Biomat, mm mm F.N mm % MPa
Steel 160 640 1,52 3 688
Cr-Ni-Mo )5 200 430 2,55 3 690
Ti-6Al-4V ’ 160 825 3,56 8 887
ELI 200 555 5,99 8 891
Steel 160 1040 1,15 4 685
Cr-Ni-Mo 35 200 795 2,04 3 689
Ti-6Al-4V ’ 160 1350 0,27 0.9 889
ELI 200 1020 0,47 0.8 884

Biomat.- metallic biomaterials, g- thickness, 1- length, F- the
sternum reaction, Displ. — displacement

The differences in displacements, strains and reduced stresses
depending on the thickness and the length of the analyzed plates and
the applied biomaterial were observed.

The maximum reduced displacements were observed for the Ti-
6Al-4V ELI plate (thickness g=2,5 mm and length =200 mm).
Increase of the thickness up to g=3,5 mm caused the reduction of
displacements to 0,47 mm. The maximum reduced strains were also
observed for the plate made of the titanium alloy (lengths I=160 mm
and 1=200 mm and thickness g=2,5 mm). The maximum
displacements and stresses were observed in the middle part of the
plate. For the applied forces the reduced stresses did not exceed the
appropriate yield point: stainless steel (Cr-Ni-Mo) - Ry,min=690
MPa and titanium alloy (Ti-6Al-4V ELI) - Ry,,min=895 MPa. The
minimum displacement equal to 0,27 mm was observed for the plate
made of the titanium alloy (length 1=160 mm, thickness g=3,5 mm).
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Fig . 4. Displacements distribution in the plate made of stainless

steel Cr-Ni-Mo (1= 160 mm and g=2,5 mm)
Fig. 7. Displacements distribution in the plate made of titanium
alloy Ti-6Al-4V ELI (I= 160 mm and g=2,5 mm)

BNSYS 10.0
- s,xlOO% ANSYS 10.0
[ B £x100%
LBZ8E-03 T -
% .001241 lix\ T
001654 O -on2sns
(] 003877
= .002067 .
.004845
] -Dozs81 i
B
= <DOEAn 0 -ooeTsz
[ B —
,00372 .008719

Fig. 5. Strain distribution in the plate made of stainless steel

Cr-Ni-Mo (I= 160 mm and g=2,5 mm)
Fig. 8. Strain distribution in the plate made of titanium alloy
Ti-6A1-4V ELI (I= 160 mm and g=2,5 mm)
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Fig. 6. Stress distribution in the plate made of stainless steel Fig. 9. Stress distribution in the plate made of titanium alloy

Cr-Ni-Mo (1= 160 mm and g=2,5 mm) Ti-6Al-4V ELI (I= 160 mm and g=2,5 mm)
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4. Conclusions

In order to calculate in displacements, strains and stresses of
plates used in treatment of pectus excavatum the numerical
analysis was applied. The obtained results are the basis for
selection of the structure and mechanical properties of the
metallic biomaterials intended for stabilization plates.

On the basis of the performed displacement, strain and
stresses analyses of the stabilizing plate it can be stated that:

e maximum displacement, strain and stresses occurring in the
plate can not exceed Ro,min=690 MPa and R;,min=895
MPa which are equal to the force affecting the plate in the
place where it sticks to the sternum,

e the minimum displacement was observed for the titanium-
alloy plate of length 1=160 mm and thickness g=3,5 mm
(loading force F=1350 N),

e generally, lower displacement values are observed for the
plates of the thickness of g=3,5 mm, both for the stainless
steel and the titanium alloy,

e geometrical features and mechanical properties of the
analyzed plates enable elastic strains during loading. It
determines the basic criterion of clinical application.
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