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Analysis of plate-screw fixation by finite element method in transverse fractures
of the tibia diaphysis
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Abstract

Aim: Using the Finite Element Method, it was aimed to select the most appropriate implant for a patient with a
transverse tibia diaphysis fracture and to determine the effect of sudden temperature changes on the selected
implant.

Materials and Methods: After separating the diaphyseal area into transverse pieces at 1 cm regular intervals, the
anterior and lateral views of the cross-sections enabled the generation of a computer model of tubular bone with 3
cortices. An 8-hole plate with 8 screws was placed over the lateral cortex of the tibia on the model. After creating a
transverse fracture in the exact centre of the plate, the whole model with bone-plate-screw was converted into a
mathematical model (mesh). The results of the analysis were evaluated using the finite elements method.

Results: The tensile values were found to be greatest on the 2" holes and screws from the proximal and distal of the
fracture line. In the evaluation of temperature changes, the plate-screw tensile values were determined as normal in a
cold environment but were seen to be high compared to those of a hot environment.

Conclusion: By finding the tensile values on plate-screw-bone with this method preoperatively, the most appropriate
plate-screw to be used on the patient can be determined. In addition, as tensile force on the plate-screw increased
with transfer from a hot environment to a cold one, it could be said that fractures are more likely to occur in a cold
environment.
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Amag: Sonlu Elemanlar Yéntemi ile hasta i¢in en uygun implantin secilebilmesi ve segilen implant (izerinde ani isi
degigikliklerinin etkisinin saptanmasi amaclanmigtir.

Gereg ve Yéntem: Diafiz bélgesi 1 cm diizenli araliklarla transvers olarak parcgalara ayrildiktan sonra ortaya ¢ikan
kesitler, kemigin énden ve yandan gériiniimleriyle bilgisayar ortaminda birlestirilerek (i¢ korteksi olan tibiiler kemik
modeli olusturuldu. Model (izerinde 8 delikli plak ve 8 adet vida tibianin lateral korteksi lizerine oturacak sekilde
yerlestirildi. Plagin tam ortasindan transvers bir kirik olusturulduktan sonra kemik-plak-vida ile olusan tim model,
matematik model (6rgii) haline getirildi. Analiz sonuglar1 sonlu elemanlar yéntemi kullanilarak degerlendirildi.
Bulgular: Kirik hattina proksimaldeki ve distaldeki en yakin 2. delikte ve vida lizerinde gerilme degerinin en fazla
oldugu bulundu. Isi farklarini degerlendirdigimizde de soguk ortamdaki plak-vida gerilme degerlerinin normal, ancak
sicak ortamdaki gerilme degerlerine gére yliksek oldugu gérdld(i.

Sonug: Bu yéntem ile cerrahi éncesi plak-vida-kemik lizerindeki gerilme degerleri bulunarak hastaya kullanilabilecek
en uygun plak-vida belirlenebilir. Ayrica sicak ortamdan soguk ortama gectiginde plak-vida lzerindeki gerilme
kuvvetinde artis oldugundan kirilmalarin sojuk ortamda daha fazla oldugu séylenebilir.

Anahtar Sozciikler: Tibia kirigi, kemik model, biomekanik, analiz, sonlu elemanlar yéntemi.
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Introduction

Tibia fractures are the most common long bone fractures
(1). The method of treatment should be determined by
taking into account the structure of the fracture, the
amount of energy applied to the extremities, mechanical
properties of the bone, the general condition of the
patient, age, and most importantly, the soft tissue
condition of the limb (2). In the treatment of these
fractures a variety of options are available, including
plaster or functional brace, plate-screw and
intramedullary nail with open or closed reduction and
internal or external fixation techniques. Although
intramedullary nail is the most common technique, many
complications of nailing have been reported, including
malalignment of the fracture and knee pain (3).

The plates that are used are made of different alloys in
different sizes depending on the shape of fracture.
Today, the main problem in plate-screw fixation is the
loosening and/or fracture that are formed due to the load
on the plate and screw (4,5).

The aim of this study was to determine the most suitable
implant for tibial diaphyseal fractures where plate-screw
fixation is considered, by generating a transverse
fracture on the bone-plate-screw model created in a
computer environment and making calculations using
the finite element method (FEM). The hypothesis was
that based on these results, the most suitable implant for
the patient could be determined prior to surgery. In
addition, it was aimed to observe the response of the
plate-screw combination to the changes in stress values
due to sudden temperature changes.

Materials and Methods

Modeling Process

The bone model used was of the same dimensions as
the average human tibia. After transferring the front, rear
and side image data of the whole bone to the computer,
a computerized model of the tibial diaphyseal cortex was
obtained in 3 parts from the cross-sections created
transversely by dividing the diaphyseal region of the
existing artificial bone at 1 cm intervals with an electric
saw. The lateral cortical thickness of the model was
accepted as 5 mm, the medulla width as 13 mm and the
medial cortex thickness as 5.25 mm. A transverse
fracture was then created on the model and a plate 13
cm long and 4 mm thick with 8 holes and cortical screws
of 45 mm diameter, which was usually used in
orthopedic practice, was placed to fit onto the lateral
cortex of the bone. At the proximal and distal of the
fracture line, care was taken that the screws were
applied symmetrically for fixation of the plate.

The screw tightening force at the time of fixation (also
pre-load of the screw), was considered to be 50 Newton
(N) and 500 N respectively. In this bone-plate-screw
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model it was assumed that the average human weight is
80 kg and by applying 80 kg axial load it was intended to
find the stress values on the bone-plate and screw. In
addition, another objective of the study was to evaluate
the response of the bone-plate-screw model to sudden
changes in temperature based on the changes in the
stress values.

Analysis

FEM was used to perform stress analysis. The analysis
was applied in a workstation configuration computer
using the ANSYS (Ansys Inc. USA) program. In the first
step of the study, a geometric model of the bone was
created in the computer environment with the sections
obtained from the artificial bone. In the second step, this
model was converted into a two-dimensional model file
(IGES) format and in the third step, the IGES file was
transferred into the three-dimensional (3D) finite element
program. With the use of this program, it is possible to
apply boundary conditions (load applied to the bone,
heating the plate and the screws) and meshing of the
geometric model.

Maximum loading conditions were considered in the
results obtained and, as in most finite element studies,
the Von Mises energy criteria were used, as they have
been reported to be sufficient in calculating the stress
condition numerically. In this study, the results were
compared according to this energy criterion.

In the model used, the critical region was the location of
the maximum stress on the implant-bone interface.
When the load was increased, the first region to disrupt
the structural integrity was the region where the Von
Mises stress was maximum and the values were
classified from low to high. According to this
classification, the case giving the minimum value would
be the most advantageous while the case giving the
highest value would cause a disadvantage due to the
probability of deformation and fracture.

Under thermal analysis, the force of the steel plate used
in the fixation and the tension stress on the plate and
screws created by temperature differences on the bone
were investigated. There are about 20 kg of bones in the
human body where the weight of the plate is accepted
as 200 g When the difference between their heat
capacities is considered, it is expected that the plate
would react faster than the bone in the case of
temperature difference. At both hot and cold
temperatures, the boundary conditions were accepted as
the screw clamping force (screw preload) of 500 N, and
sudden temperature change of 20°C in the area of
location. Until the time when the metal and bone
temperatures became the same, the plate and screw
stress values were again calculated by FEM.
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Results

Stress values were examined in both plates and it was
found that they were maximum at the second nearest
hole and screw to the fracture line. The reverse side of
the plates was evaluated and again the maximum stress
value was detected at the second nearest hole to the
fracture line. The analysis results of the screw models
are illustrated in Figure-1. As a result, the maximum
stress was determined to be located on the 2™ closest
screw to the fracture line. In addition, stresses on all of
the mounted screws were found to be higher for a 500 N
(50 kg) load (Figure-2).
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Figure-1. Stress values in screws for different (50 and 500 N)
preloads (N: Newton).
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Figure-2. Stress distributions in the bone close to the fracture
zone.

The tensile force on the bone inner surface was
calculated as approximately 3 times higher when 500 N
was applied. The stress when screws were firmly
tightened was three times higher than when screws were
tightened with less power. In the evaluation of the
fracture line, it was observed that the maximum stress
value was three times higher for preloaded cases
compared with no preload. When the preload on the
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screws was less there was more contact between the
broken ends than in preloaded case. This increases the
safety of fixation (Figure-3).
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Figure-3. The change in the contact zone for different (50 and
500 N) preloads (N: Newton).

In plate-screw osteosynthesis cases in which steel and
titanium plates are used, 85% of the axial load is
supported by the bone, whereas 15% is supported by
the plate.

The two conditions where the metal was warmer or
colder than the bone were tested. When the plate was
moved from a warm to a cold environment, with
exposure to an environment 20°C colder, the anterior
stresses around the 2™ hole became maximal as the
maximum tensile force increased. Stress was
determined as 152x2.5 MPa at the nominal temperature,
and 165x2.5 MPa in the colder environment. The
environmental models corresponding to the cases where
the bone temperature was either 20°C warmer or colder
than the plate temperature are shown in Figure-4.
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Figure-4. Temperature distributions (cold and hot temperature
values) used in the finite element models are shown.
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The stresses were lower on the front side of the plate
when it was moved to a warmer place. The highest
stress was determined at the 2™ hole, while the stress
values around all the holes were close to each other.
The maximal stress was located between the 1st and 2™
holes (Figure-5). It was determined that the stress on the
screws was reduced in the warmer environment
compared to the colder environment.
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Figure-5. Stress distribution on the frontal face of the plate at
20° C.

Discussion

In recent years, computer aided analysis methods have
gained importance as a result of advances in the
medical sector. Therefore, many products related with
the biomedical field can be analyzed before being made
available to patients. Of the stress analysis methods,
many studies have shown that 3D FEM in the biomedical
field is superior to other methods and the results
obtained are in accordance with those obtained in in-
vitro studies (6).

Therefore, it was decided to use 3D FEM in this study to
evaluate the analysis due to its various advantages,
such as localizing the stresses on the plate, screws and
in every region of the bone and realistic simulation of the
plate and screws (7). The aim of stress analysis with
FEM is to investigate the weak points when a structural
deformation occurs on structures under a load (8,9).

This method gives information about the fracture
moments on the bone, plate and the screws depending
on the forces applied on the bone, plate and screws.
Apart from the surgical practice and patient-related
factors, the success of plate-screw osteosynthesis is
based on the manner of transferring the stresses
created by the plate and screw to the bone. The force
transferred from the plate and the screw to the bone
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depends on the magnitude and the direction of the
force, the interface between the bone and the plate, the
length and width of the plate and the screw, the surface
properties of the plate and the quality of the implanted
bone fixation (10,11).

It has been reported in the literature that FEM gives
more realistic results when applied to a 3D model rather
than two-dimensional models (12,13). In the 1990s,
Meijer et al. (14,15) compared 2D and 3D FEM and
concluded that it was necessary to use 3D FEM. With
the use of 3D FEM and the large number of variables in
the analysis there are a great number of model types.

In the thermal analysis using FEM, boundary conditions
were applied for both a cold and warm environment
respectively. Evaluating the results accordingly, instantly
moving to a colder place increased the stresses on the
plate and the screw. Therefore, it could be inferred that
the possibility of fracture increases in cold places.

In the light of that information, although FEM is an
effective means of analysis in biomechanical studies, it
is clear that to obtain accurate results from the analysis,
the model must be as realistic as possible. Other
important factors necessary for valid results are model
geometry, and appropriate definition of the material
properties and boundary conditions. To date,
biomechanical studies conducted on animals and
cadavers have been taken as reference when evaluating
the reliability of different fixation materials and designs
for fracture fixation (4,5). Therefore, more widespread
use of FEM in biomedical studies would lead to savings
in time and resources, thereby promoting the success of
orthopedic trauma surgery and expanding horizons.

Conclusion

With this method, the optimal plate-screw to be applied
to a patient can be determined before surgery by finding
the stress values on the plate-screw-bone. In addition,
when moving from a hot to a cold environment, it can be
said that the probability of fractures may be increased
due to the relatively higher tensile stresses on the plate
and screws.
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