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COMPUTER MODELING AND NUMERICAL ANALYSIS
OF THE PROSTHESIS TO FIX THE FOREARM FRACTURES

0.D. [lawenxo, FO.M. Ceinapvos O.M. Jlumapenxo. Komn’rorepHe Moae/1I0BaHHA i YnceJIbHUIl aHAJIi3 opTOmeH-
YHOI KOHCTPYKUii s (ikcanii mepesomiB kicToxk mepeammivus. [lepenomu KicTOK Nepeniuiiyus CKIANAIOTh OJIM3BKO
15 % BHUnaaKiB BCiX MEpEIOMIiB CErMEHTIB KiHIiBOK. HallObI yacTo 3ycTpivaeThesl y CIOPTCMEHIB 1 JIF0JIeH, SIKi HOTpaIvIn
B JIOPOXKHBO-TPAHCHIOPTHY IPUTOAY, Ta NpU 60HOBUX MisIX. AKTYyaJbHICTh HPOSKTYBAHHS 1 YMCENBHOIO aHaNi3y KOHCTPYKLii
Jutst ikcanii mosaMaHux KiCTOK BH3HAYAEThCS HEJOCTATHBOIO IOCKOHANICTIO 1 JOCIIHKEHHSIMH OPTONEANYHUX CTSPIKHEBUX
amapariB Qikcamii. B po0oTi po3B’s3aHi BaXJIHBI 3aBAaHHS Cy4acHOI TPaBMAaTOJIOTrii: HaykoBe OOIpYHTYBaHHS 1 po3poOka
KOHCTpYKLii (pikcaTopa; po3poOka METOAWKH BH3HAYEHHS XapaKTEPUCTHK MIIHOCTI 1 )KOPCTKOCTI KOHCTPYKMii QikcaTtopa
JUISL JIIKYBaHHSI IEPEIOMiB KiCTOK IepeATLIiTUsL.

Kniouosi cnosa: crepxHeBi amapartn ¢ikcarii, HanpyXeHO-1e(OpMOBaHUI CTaH, METOJ] CKIHYEHHUX EJIEMEHTIB,
ANSYS.

O.F. Dashchenko, Yu.M. Svinarov, O.M. Lymarenko. Computer modeling and numerical analysis of the prosthesis
to fix the forearm fractures. The forearm fractures constitute about 15% of all fractures of the limb segments. The most
common they are among athletes and people involved in a traffic accidents or military actions. The relevance of design and
numerical analysis of structures for fixing broken bones is determined with certain imperfections and insufficient research of
orthopedic devices’ fixation rod. The study is devoted to important problems of modern traumatology: scientific substantia-
tion and development of fixing holder design; development of methods to determine the forearm fractures locking structure
strength and rigidity characteristics for the treatment success.

Keywords: rod-based fixing device, stress-strain state, finite element method, ANSY'S.

Introduction. Nowadays one of widely used methods for researching different designs in medi-
cine and other fields of human activity is this one of computer simulation, based on the numerical
methods (finite difference method, boundary elements method, finite elements method, etc.) [1, 2].

Implementation of some give numerical method depends on the task and applied software pack-
age. Numerical analysis allows calculating various object design modifications and various combina-
tions of loads.

The chosen research topic relevance is due to the actual problems of forearm diaphysis bone
(compact bone substance) fractures treatment and determined by insufficient perfection of both devic-
es and corresponding treatment methods.

Literature review. From the reference sources it is known that the forearm fractures make
5...15 % of all extremities segments’ fractures.

For the treatment of patients with limb segments injuries the most common device is the wire fix-
ation structure designed by G.A. Ilizarov [3...6]. But use of this system involves a significant percent-
age of complications caused by a decrease in fixing wire stability and a cumbersome external design.
This stipulated numerous scientists and researchers in the field of traumatology to seek for an alterna-
tive structure of compression and distraction apparatus (various external supports, units’ connection,
types of fixation).

The effected analysis shows that the most advantages among other trans-bone fixation devices
are specific to rod-based fixation design. Several limitations as to their applicability relate to the osteo-
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synthesis methods’ problems, depending onto type and character of diaphysis bone (forearm in the
given example) fractures.

While researching the relevant data, revealed is the shortage of data as to forearm fractures treat-
ment external fixing devices’ comparative calculations using the numeric methods.

The Aim of the Research embraces the scientific substantiation for the fracture fixing external
prosthesis’ construction with geometric dimensions’ distortion determining methods elaboration.

Main Body. The considered structure study goal is to design a device for treatment of the fore-
arm middle part fractures when long bones’ diaphysis damage by developing alternative structures
where displaced broken bone fragments’ reposition is achieved by increasing the repositioning points’
mobility levels. Such design is able to ensure the displaced bone fragments’ correct position without
plaster immobilization and, most importantly, maintaining the forearm’s full mobility, and, due to
compactness, without producing inconvenience to the patient.

The problem is solved with the auxiliary of the structure’s external support in the form of a beam
bearing the rods’ receptacles with screw pins, fixing screwed rods, which are consistently passed
through intact bone parts for their rigid fixation [7].

Using as the basis the adult forearm cross-sections scans, taken at Traumatology Department of
the Odessa City Clinical Hospital No. 11 (equipment: Computerized Tomography Toshiba Asteion
Super 4) the authors obtained data required for simulation. Then a 3D-model has been built that ade-
quately reflects the forearm geometry. To determine the rigidity of forearm bone fragments’ fixation
with the transbone osteosynthesis device characteristic for several particular configurations and the
range of possible functional loads, and to identify the optimal layout system and treatment strategy
depending on the fracture type there was implemented fixation methods’ computer modeling.

In mechanical engineering terms such systems represent spatial structures containing thick-
walled circular and rectangular plates with holes, classic rods, flexible rods (wires) combined with dif-
ferent types of unions.

The mechanical engineering methods and mechanical researches often use simplified analytical
calculation methods. The investigated object diagram is simplified for both the space system elements
design (and their respective specific interconnections) and in terms of external loads representation.

The widespread use of modern computer technology in scientific research implies the need to re-
vise the existing techniques. If previously the main focus has been centering onto calculation methods,
using several simplifying assumptions and methods of artificial simplification, then the today’s focal
point relates to developing mathematical models the most effectively implemented with a PC. Here as
efficient ones we do mean such models that require fairly simple software and less computer time,
most completely reflecting the structure’s actual geometry and behavior.

The most convenient for solving mechanical problems in medical research as well as in other
fields of science and technology became the linear spaces’ discrete theory methods: matrix calculus,
potential method, boundary elements method and finite elements method (FEM).

For problem solving, the entire structure must be represented, FEM using, as a finite set of elements:
rods, triangular and rectangular plates, tetraedrs and parallelepipeds interconnected at nodal points.

The starting point in the finite-element analysis of any structures, including orthopedic devices, is
building a geometric model and a finite-element models.

The geometric model reflects the structure’s shape and size and the finite-element model contains
complete information about the nodal points and finite elements position as well as the interactions
between individual nodes and elements.

Theoretically there exists a possibility of finite-element analysis without the use of geometric
models, but in this case, required is to set all nodes’ coordinates manually and build finite element
models, that being practically impossible for complex designs. When using a geometric model that
disadvantage is eliminated, since the current finite-element analysis programs allow to get automati-
cally the finite-element structure of the calculated design which is based on its geometrical model.
Hence, this approach in modeling orthopedic systems is more preferred.
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The fractures treatment devices’ rod system elements can be simulated using the following types
of finite elements:

— Beam and rod;

— Plate;

— Volumetric.

The geometric model should match the type of element used at the partition by finite elements. If
the structure discretization samples the design into beam and rod elements, the geometric model
should consist of lines; when plate type elements that should be surfaces and as to volumetric elements
these will be elementary volumetric bodies.

The authors consider models consisting of rod-type and three-dimensional finite elements be-
cause they provide matching geometry between the models and real structures (Fig. 1).

Results. Both models’ approximation uses rod-type finite element BEAM188 of ANSYS pro-
gram elements library. The element is intended for space problems resolving. The element properties
are set by describing the characteristics of cross-section, material properties (elastic modulus and Pois-
son's ratio) and the elastic base.

This finite element has two nodal points with six degrees of freedom at each: motion directed to
the nodal coordinates’ system axes X, Y, Z and angles of rotation respectively to these axes ¢, ¢, ¢. .

a

Fig. 1. Computer simulation using volumetric FE (a) and rod-type FE (b)

To display the geometric characteristics the original structural elements and clamps cross-
sections were designed using special feature of the ANSYS — Taper Section (37 cross-sections built
and recorded into database).

The model splitting into volumetric finite-elements is performed using the Solid45. That element
is classified as follows: volumetric (3D) element used for solving problems in the deformable solids’
mechanics; it is defined by eight nodal points, each having three degrees of freedom: linear displace-
ment in the direction of nodal coordinate system’s axes X, Y, Z.

In both cases, the fixation conditions should be selected so that they prevent structure from mo-
tion, but do not involve any deformation.

Geometrical and mechanical characteristics of the devices are determined by the known deform-
able solids’ mechanics dependences, the experimental data and reference sources

The bone elasticity modulus is admitted equal to £, =2-10* MPa steel elasticity modulus
E, =2,1-10°> MPa, titanium elasticity modulus £, =1,2-10° MPa (Fig. 2).

As a result of that calculation for each variance the stress-strain state parameters necessary for
analysis are found:

— &, — equivalent stress according to the Huber-Mises hypothesis;

— USUM — equivalent displacements.
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" Steel screw

Titanium plate

Fig. 2. Computational model of the studied objects

Maximum values of the given stress-strain state parameters for all calculated versions are sum-
marized in the table.

Maximum values of the stress-strain state parameters

Stress-strain state Fixing component (rod-based model) | Fixing component (volumetric model)
parameters
USUM elbow area, mm 0,0027 0,0019
USUM fracture area, mm 0,0108 0,01
USUM writ area, mm 0,0267 0,0243
maxo,, , MPa 17,988 23,616

Conclusions. The numerical experiment results led to some conclusions. Rod-based system re-
spective deformation:
— Model of the rod-type finite elements

. _AL_00267
1 235

— Model of the volumetric finite elements

e, =1,034-10".

=1136-107"";

Comparing the numerical values of stresses and displacements obtained by finite-elements analy-
sis of the studied rod elements’ structures with respective values obtained at calculation using volu-
metric elements we come to conclude about reliability of assumptions adopted at the stages of geomet-
rical and finite-elements modeling. This conclusion is also correct for the boundary conditions, as well
as for values and nature of external loads applied.

The obtained results can serve as a basis for developing new structures purposed for the forearm
diaphyseal fractures treatment.
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