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SUMMARY: The objective of the present study was to validate virtual models for the study of dual core and cylindrical screws
and evaluate the influence of the geometry of the screws on the mechanical behavior and anchoring. Two models of dued core scre
were used, one with a double thread and the other with a single thread, both with a conventional cylindrical screw weis sgedin
The stiffness was assessed in a pullout test using polyurethane. Three dimensional virtual models simulating the pefloatéased
for finite element analysis. To validate the models, the results were correlated with the mechanical tests. Tensionis geharedtitane
and the screw were studied while simulating the application of force in the direction of the screw pullout, of force ttdnstnéteod
with the individual standing at rest, and the force transmitted by the rod when performing flexion of the trunk. The dusdwsre
generated lower tensions in the polyurethane when compared to the cylindrical screw for the forces studied. When eehadting int
tension in the screw, lower levels of tension were presented in the dual core - double thread, higher levels were obs¢cae in d
single thread, this screw has a smaller internal diameter which may be responsible for this higher generated tensicoréiserdua
double thread proportionated good anchorage with more diameter on the region with great tension, avoiding the fracture.

KEY WORDS: Bone screws; Spine fixation devices; Finite element analysis.

INTRODUCTION

The use of internal fixation of the vertebral columnmportant role in the biomechanical stability of the spinal
has allowed the realization of more rapid arthrodesis afigation system and can interfere with the final outcome
better deformity correction without the need for externgBrantleyet al, 1994; Coet al, 1990; Georget al,, 1991;
immobilization. The mechanical performance of a vertebréliranoet al, 1997).
fixation system is highly dependent on its biomechanical
characteristics and the maintenance of strength of the verte-  Failure of screw fixation is a clinical problem
bral screw interface (Chet al, 2003a, 2003b; Hackenbergcommonly seen in vertebral spine surgeries (ledval,
etal, 2002; Kostuilet al, 1994). Screw resistance to frac-1993). Screw fixation on the vertebra depends on several
ture, flexure, and high resistance to pullout have been widélctors related to the bone in which it is deployed (bone
used as anchoring elements of vertebral fixation systenmsineral density), the type of screws used (design, outer
However, the loss of stability of the spinal fixation systerdiameter, pitch and thread height) and the technical
can be affected by loosening or fracture thereof. Thus, tpeeparation of the pilot hole (diameter, tapping and drilling
interface between the screw and the vertebral bone playstanl) (Hsuet al, 2005; Lillet al, 2006; Zdebliclet al, 1993).
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The literature presents several studies that compadiole in the pilot blocks produced by a probe with 3.8 mm
the mechanical resistance of conical and cylindrical screwi@meter, as recommended by the manufacturer. A guide was
(Abshireet al, 2001; Hswet al; Inceogluet al,, 2004; Kwok used to ensure the perpendicularity of the screw relative to
et al, 1996; Oncet al, 2001). Some studies report thathe surface of the block. The mechanical pullout tests were
conical screws have greater pullout resistance and better grggformed using a universal testing machine (EMIC® - DL
than cylindrical screws (Krenet al, 2008). However, the 10000, Séo José dos Pinhais, Brazil) with a load cell of 2000
study by Krenret al reported a higher binding capacity ofN. Blocks with screws inserted were placed on a platform
cylindrical screws compared to conical screws. Recentnd pullout force (F) was applied vertically to the bolt head,
some studies using dual core screws have observed gabda rate of 2 mm/min (Fig. 1). The force curve (N) x
fixation in vertebra (Lillet al). However, these screws dodisplacement (mm) was obtained by the Tesc 3.13 program
not present more resistance to tearing when compared to B&IC, Brazil) and in this way the stiffness was obtained.
cylindrical or conical screws (Li#t al; Selleret al,, 2007).

Therefore, this study aimed to validate virtual models fovalidation of Virtual Models . Three virtual three-dimen-

the study of dual core and cylindrical screws and evaluad@nal models simulating the pullout test were created in

the influence of the geometry of the screws on the mechaniédlSYS WorkBench® 10.0 software (ANSYS Inc. -

behavior and anchorage, and verification of which migl@anonsburg, USA) for analysis by the finite element method.

provide better fixation over time. Three-dimensional mesh models with tetrahedral elements
were generated and analyzed in the program. The elements
SOLID186, SOLID 187, CONTA170 E and TARGE170

MATERIAL AND METHOD were used. All components were considered homogeneous
and isotropic. Table Il shows the modulus of elasticity (E)
and Poisson's ratio (n) of the materials used in the simulation.

Two dual core model screws, one with single threaBimulating pullout and stiffness of the models was performed
for anterior fixation and one with double thread with dor comparison with the ‘mechanical’ forces test. After
conventional cylindrical screw, used in both posterior ancbmparing the results and validating the models, a study of
anterior fixation (Synthes®, Davos, Switzerland) were usetie tension generated in polyurethane and in the screw to
in this study (Table I). simulate the application of pullout strength, compression,

and flexion was performed.

Rigid polyurethane blocks were validated by the
American Society for Testing Materials (ASTM), whichPullout. A force of 50N in the direction of pullout was
found that this material has mechanical properties that minapplied to the screw head in the virtual models (Fig. 2A).
human cancellous bone. This sogietonsiders rigid
polyurethane a standard material for performing mechanic@bmpression A rod (6 mm diameter and 30 mm long) of
tests on rigid orthopedic implants. Synthetic bone offerthe same material was inserted into the screw head to allow
advantages such as homogeneity of the samples and beties application of compressive force. A force of 50N was
reproducibility when compared with the biological materialapplied to the opposite end of the screw head (Fig. 2B).

Stiffness The stiffness of each model screw was obtaindelexion. In the same model a compression force of 50N was
through a 'mechanical’ pullout test using polyurethane (Napplied at the opposite extremity to the screw heali5
cional Ossos®, Jau, SP, Brazil) with a density of 0.16 gélation to the axis of the rod in the direction of the screw tip
cm?®, modules of elasticity 0.023 GPa and Poisson's rat{big. 2C).

0.3. For this, 30 blocks of polyurethane of 24 x 24 x 42 mm

were made. These were divided into three groups, being G1:  In this study the distribution of von Mises tension
dual core screw - double thread, G2: dual core - single threadis evaluated in the polyurethane in thirteen adjacent points
and G3: cylindrical screw. The screws were inserted througi the experimental model (0.5 mm external screw thread

Table I. Dimensions of screws (mm).

External I nternal Thread Height of
Screw Length Diameter Diameter Pitch thread
Dual core — Sngle thread 30 6.2 3.0 —35* 2.75 1.35-16
Dual core — Double thread 30 6.2 45% —52* 4 (2)** 0.5-0.85
Cilindrico 30 6 48 1.75 0.6

*Inside diameter cylindrical region; ** two parallel threads
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and 6 mm apart — Fig. 3A). Tensions generated in the scréve central region (30 points) and in the lower region (30
along its inner diameter, in the upper region (30 points) points) were also evaluated (Fig. 3B).

Table 1l. Materials properties.

Material E(GPa)* v Source
Block Polyurethane 0.023 0.30 Hsu etal. (2005)
Screw Titanium alloy 114 0.30

*Modulus of elasticity; **Poisson's ratio

connection between the load cell
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Fig. 3. Regions of tension analyzed in polyurethane (A) and the screw (B).
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RESULTS

The models were validated by simulation of the&lso near the tip for the cylindrical screw (point 7).

pullout force, evaluating the elastic region of the curve for-

ce (N) versus displacement (mm). The difference between  When applying the compression and flexion force

trials in the universal testing machine (UTM) and the finité was possible to observe that the cylindrical screw

element method was 10.3 % for G1, 9.5% for G2 and 14.3¢énerated the highest tension in polyurethane. The dual core

for G3 (Table III). screws generated equivalent tension levels (Figs. 4B-C).
The highest levels of tension were observed in the region
near the screw head (points 1, 2, 12 and 13) and the tip

Table llI. Stiffness of polyurethane/screw set. (point 7) for all screws.
Stiffness (N/mm) Differ ence between methods
Group —uiGE  MEF (%) For the same force intensity (F= 50N), the flexion
G1 68151 727.96 10.3% force generated in the polyurethane is the highest, followed
G2 848.07  737.73 9.5% by compression. The tension generated by the force in the
G3 83333 71429 14.3% direction of the pullout is significantly lower than the others.

While evaluating the tension generated in the screw
While applying force in the direction of pullout it while applying different forces we observed higher levels
was possible to observe that the cylindrical screw wax tension generated in the dual core screw with single thread.
generating greater tension in polyurethane. The dual cdEquivalent tension levels were generated in the cylindrical
screws generated equivalent tension levels (Fig. 4A). Tkerews and dual core double thread. The highest levels of
highest tension levels were observed in the region nexttension were observed in the region near the screw head
the screw head (points 2 and 12) for all the screws head dRdys. 5, 6 and 7).
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Fig. 4. Tension generated by the screw in polyurethane while applying force (50N) in the direction of the pullout (A), iconiBjess
and flexion (C).
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Fig. 7. Tension generated on the screw while applying a flexion force of 50 N: A: dual core screw - double thread; B:stuelcore
single thread; C: cylindrical screw.

DISCUSSION

In this study we used the analysis by finite elemerignsion gradually decreased to the region of the screw tip.
method to evaluate the distribution of von Mises tensiohhis behavior was observed for all types of screws and
while app|y|ng pu||0ut, Compression, and flexion forces. T@‘prces studied. The screw that had lower levels of tension
validate the experimental models, the relative rigidity during/as the dual core - double thread and the higher in the
the elastic behavior, while applying a force in the directiofual core - single thread. This result may occur because
of pullout for dual core (double and single thread) anthe dual core screw - single thread presents the lower
cylindrical screws was evaluated (Hsual). The results internal diameter among those studied. The dual core screw
for validation are within the acceptable standard. Our resuftélouble thread has a more robust internal diameter in the
showed that the dual core screws had higher stiffness wh#iiical region nearest the screw head. We therefore believe
compared to cylindrical screws. The same result has be@at although a gain in pullout resistance with decreasing
found by other authors (Liét al; Selleret al). inner diameter, these screws may be more susceptible to

failure since they present higher internal tension generated

After validating the models it was possible to evaluatom the same applied force.
the tension distribution produced by screws, while applying
different forces. Our results showed that the dual core screws ~ Considering the limitations of transferring the
produced low-tension in polyurethane when compared findings of this study to the clinical aspects, it should be
the cylindrical screw. Regardless of the direction of forcBighlighted that the screws’ bore taper allow better
application and the screw design, higher levels of stressafaptation to the vertebra due to sticking to the cancellous
the t|p and screw head region were observed. bone (LI” et aI) The previously mentioned studies

involved structures with a tapered inner and outer diameter

By observing the tension on the screw, we identifiedthich had a reduction in fixation resistance, although with
the highest levels of tension in the region correspondi@®od clinical results (Daftaet al, 1994). Currently,
to the first three threads near the screw head, and tAi9dels of screws such as those used in this study are
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composed of external cylindricdiameters and a internal tension, mainly at the lower end of the screw, and tension
conical, thus a progressive increase of the inner part occafghe bone — screw interface increases with the angle of
which means in clinical terms, the compression of the bodé/ergence of the screw.
structure around the screw, thereby increasing the
mechanical strength of the system (Inceaalal.; Seller Our study design has some limitations and our
et al). Thus, the distribution of the stress conditions in thesults can not be fully transferred to the human condition.
screw depends not only on the conditions of the interfadedeed, we recognize that a more realistic design should
but also the loading mechanism and morphology of theclude human vertebrae. However, large variations in bone
vertebral structure considered. quality and the geometric characteristics of human
vertebrae may compromise the results and validation of
Failure to anchor the implant is a medical conditiothe finite element model (Chaai al, 2008; Hsuet al;
commonly found in vertebral column surgeries (LonsteiKwok et al; Lill et al). Thus, many researchers have used
et al, 1999). The literature presents several topics thsynthetic models with regular geometry for comparing
influence the stability of the screw, including thedifferent designs of vertebrae screws (ldsal.; Kwok et
composition and type of bone, bone mineral density, screk; Lill et al; Vaccaroet al).
type and how it was inserted into the bone (Wittenbkeérg
al., 1993). Accordingly, the sum of these factors influences According to the limitations of this study and the
the clinical choice (Oktenogkt al, 2001). Studies seeking methods used, it can be concluded that the use of screws
to assess the type of action performed by a specific spimath conical internal and cylindrical external diameter
implant fixation are of paramount importance, since omaorphology is beneficial since the inner diameter of the
can optimize the use of this orthotic device, mainly throughicker screw head is maintained because this region
indication of the appropriate size screw used in a giveoncentrates the major tension in the screw and
clinical condition without compromising the spinal canalconsequently breakage may occur.

Some studies show that bilateral placement of
screws provides greater resistance to pullout whexCKNOWLEDGEMENTS
compared to the method of angled insertion, even when
the screw has a short dimension (Dipaadlal., 2008; Patel
et al, 2008). Other studies show that there is an ideal screw  This project was supported by CAPES. The authors
insertion angle, allowing greater pullout resistance (Kartbank the Bioengineering Laboratory for the use of univer-
et al, 2014; Pateét al, 2010). In loosening the screw -sal testing machine and the finite element analysis and Mr
bone interface, clinical (Vaccaret al, 1998) and Reginaldo Trevilato da Silva for providing technical support
biomechanical (Panjalet al, 1999) studies point to high during this work.

MACEDO, A. P.; ISSA, J. P. M.; DEFINO, H. L. A. & SHIMANO, A. C. Evaluacién biomecénica de un sistema de fijacién espinal
con tornillo por el método de elementos finitiog. J. Morphol., 33(1)318-326, 2015.

RESUMEN: El objetivo de la presente investigacion fue validar modelos virtuales para el estudio de tornillos cilindricos y de
pediculo de doble nucleo para evaluar la influencia de la geometria éstos en su anclaje y comportamiento mecanicon Slesitilizaro
modelos de tornillos de doble ndcleo, unos de rosca doble y otros de rosca Unica, ambos tipos conformados por unddoallo cilin
convencional. La rigidez se evalué en una prueba de retirada, utilizando poliuretano. Se crearon tres modelos virtusenaldane
gue permitieron simular la prueba de retirada para el andlisis de elementos finitos. Para validar los modelos, loseresuleddciesaron
con ensayos mecanicos. Se estudiaron las tensiones generadas en el poliuretano y el tornillo a través de la simylbca@ideda a
la fuerza en la direccion de retirada del tornillo, de la fuerza transmitida por la varilla en el individuo en reposo ldefysezay
transmitida por la varilla cuando se realizaba la flexion del tronco. Los tornillos de doble nlcleo generan tensionesenésl bajas
poliuretano en comparacion con el tornillo cilindrico, para las mismas fuerzas estudiadas. Cuando se evalla la tensiéreiinterna
tornillo, se presentaron niveles mas bajos de tension en el tornillo de doble rosca, en comparacién a los niveles ds @tes6n ma
presentados en los tornillos de rosca Unica, presentando este tornillo un diametro interno mas pequefio que puede sededsponsabl
mayor tension. Los tornillos de doble nicleo y doble rosca proporcionan un buen anclaje con mayor diametro y tensi@nen la regi
tratar, evitando la fractura.

PALABRAS CLAVE: Tornillos; Dispositivos de fijacion de la columna vertebral; Método de elementos finitos.
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