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Abstract
The pedicle screw fixation was used to fix the cervical spine for the patient, who had cervical disc problem to

return the normal life. The screw has many characteristics and sizes such as outer diameter, core diameter, proximal
root radius, distal root radius, pitch and thread width affect the pullout strength of pedicle screw when inserted in the
patient. This study aims to compare the pullout strength of the popular nine pedicle screws fixation inserted eight
Thai cervical spines (C3) by stress transfer parameter (STP). The three-dimensional finite element models were
developed to investigate the failure behavior of the bone during the screw pull out and the effect of screw’s
parameters. The equivalent von Mises stress was calculated by use the stress transfer parameter to compare the
pullout strength of the nine cervical screws. The result showed the TSRH | was the best of pedicle screw when
inserted in cervical spine (C3) from stress transfer parameter analysis to resist the pullout force. The large outer
diameter and core diameter were the main cause of the high pullout strength.
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1. Introduction

The pedicle screw fixation was used to fix the

vertebra [1], which had a problem as:
e Spine loose, the screw fixation was used to
tighten the loosen spine.
e Spinal disabilities, the screw fixation were
used to straighten the spine to the nature
position.
e  Spine caused by accident.
The pedicle screw fixation had many sizes and
characteristic such as outer diameter, core diameter,
proximal root radius, distal root radius, pitch and
thread width that affect the pullout strength when
inserted in the patient. The highest risk of the screw
insertion at the cervical spine was pull out from the
pedicle region, may cause injury to the patient [2].

This study aims to evaluate the effect of screw
parameters to pullout strength, inserted in eight Thai
cervical spines (C3) by finite element analysis to
prevent the failure of screw fixation endangers to the
patient. Nine popular pedicle screws were compared
by stress transfer parameter (STP) [3]

Fig. 1 The CT slice data of cervical spine.

Three-dimensional cervical spine model was
shown in Fig 2.

2. Materials and methods Fig. 2 Three-dimensional models of cervical spine
2.1 Three-dimensional models of cervical spine (C3) (C3).
Eight cervical spines was scanned with 2.2 The Screw Fixation
computerized tomography (CT) scanner. The CT data The CAD model of all screw fixation was
was reconstructed with ITK-SNAP as shown in Fig. 1. constructed by SolidWorks 2010 package based on

commercial screw fixation. The screws, was used in
analysis had three types as Cotrel-Dubousset (CD)
(Medtronic Sofamor-Danek, Memphis, TN), Texas
Scottish Rite Hospital (TSRH) (Danek, Memphis, TN)
and Moss Miami (DePuy Spine, Raynham, MA) were
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shown in Fig. 3. Each type of screws was varied with
three sizes [4].

CD TRSH

Fig. 3 Three types of screw fixation were used in the
research.

Moss Miami

The dimensions of the screw consist of outer
diameter (OD), core diameter (CD), pitch (P),
proximal root radius (PRR), distal root radius (DRR)
and thread width (TW) as shown in Table. 1. All
screws were defined the material property as titanium
alloy.

Table. 1 The dimension of nine pedicle screws.

Tvpe oD CD P PRR DRR T™W

yp (mm) (mm) (mm) (mm) (mm) | (mm)
CDI 75 4.92 2.80 0.81 1.27 0.20
cDll 6.50 4.10 2.80 0.88 1.20 0.20
cD 1l 5.50 3.84 2.71 0.81 1.23 0.10

TSRH | 7.50 4.98 2.80 0.83 1.16 0.18

TRSHI | 650 | 432 | 280 | 084 | 1.18 | 026
TSRHII | 550 | 378 | 275 | 083 | 123 | 018

Moss 690 | 450 | 298 | 331 | 331 | 018
Miami |

Moss | 5g5 | 419 | 2904 | 331 | 331 | 019
Miami Il

Moss

Miami 4.87 3.03 2.48 2.54 2.54 0.19
11l

2.3 Material Properties

Linear elastic and isotropic material properties
were assigned to pedicle screw and cortical bone. The
material properties were shown in Table. 2 [5].

Table. 2 Material properties of cortical bone and pedicle
screw.

Modulus Poisson's | Yield Strength
Material .
(MPa) Ratio (MPa)
Cortical bone 14,000 0.3 100
Titanium Alloy 110,000 0.3 850

2.4 Virtual Simulation

The virtual simulation method was used to insert
the pedicle screw into the cervical spine. All screw
were placed by starting landmarks reported by
Karaikovic et al. [6], which was lie on the center of
pedicle region with the actual surgery position as
shown in Fig. 4.
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Fig. 4 The characteristic of pedicle screw inserted into
the cervical spine

2.5 Mesh Generation

The four-node tetrahedral element was used to
generate the mesh model by MSC Marc software.
Ramos and Simones (2006) had compared the
tetrahedral element with hexahedral element and the
result was shown the similar result to the theory [7]. The
cervical spine of C3 had a total of 37,282 nodes and
167,836 elements. The mesh model was shown in Fig.

F-3N

(@) (b)
Fig. 5 Mesh model: (a) Cervical spine and (b) Pedicle
screw.

2.6 Boundary Condition

The cervical spine was fully fixed and received
axial load at the top of the pedicle screw by using
Multiple Point or MPC. The MPC pull out the screw to
the vertical movement by creating the forced on several
nodes. The force distribution on several nodes at the top
of screw to control the equal vertical motion of each
node was shown in Fig. 6. The contact between bone
and screw was touching contact condition. The value of
friction coefficient between the contact interface of
screw and bone was selected 0.2 [8-11].

Fig. 6 The MPC pull out the screw to the vertical
movement.
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2.7 Stress Transfer Parameter (STP)

Stress transfer parameter was a dimensionless
parameter and utilized to characterize the load transfer
between the pedicle screw and cervical spine. The STP
can be applied to test and compare the different types
and parameters of screw. This parameter was
evaluated the load sharing between the fixation screw
and the bone surrounding it. Two different STP were
defined as follow:

O
a=—"2 @
O ¢
|1 N 1 N B N N (2)
ﬂ—{NiEZGbi/Njgzatj]—[igzobi/jzzatj]

The o was found from the stress distribution on
the first thread (o ;) near the screw’s cap to bear an
average stress on the bone (o, ) over the first thread
and the £ was found from the stress distribution on the
thread of the screw (O'tj) (j =2) to bear an average
stress on the bone (o;) that found between theses
thread. In this case, stress shielding will be eliminated
[12-16].The Fig7 shows the behavior of screw and bone

in the Two-dimensional model by shows the
calculation STP follow (Egs (1) and (2)).

SCREW

L
[‘ %y

@.

BONE

Fig. 7 The positions of stress distribution were used
to evaluate STP.

3. Results

The equivalent von Mises stress of nine screws
inserted C3 spines to compare the stress transfer
parameter (STP) and the pullout strength of screws
were shown in Table 3 - 10 for Model A, B, C, D, E, F,
G and H respectively. The maximum stress
distribution on C3 spine inserted TSRH | was shown
in Fig. 8.
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Table. 3 The stress transfer parameter on nine screws
inserted C3 spine of Model A.

Type STP
CDI 0.22
CDII 0.22
CD Il 0.36
TSRH | 0.34
TSRH I 0.47
TSRH 111 0.48
Moss Miami | 0.21
Moss Miami Il 0.33
Moss Miami 111 0.53

Table. 4 The stress transfer parameter on nine screws
inserted C3 spine of Model B.

Type STP
CDI 0.29
CDII 0.24
CD Il 0.48
TSRH | 0.50
TSRH Il 0.33
TSRH Il1 0.45
Moss Miami | 0.35
Moss Miami Il 0.35
Moss Miami 11 0.43

Table. 5 The stress transfer parameter on nine screws
inserted C3 spine of Model C.

Type STP
CDI 0.33
CD Il 0.24
CD Il 0.32
TSRH | 0.46
TSRH Il 0.30
TSRH Il1 0.25
Moss Miami | 0.33
Moss Miami Il 0.46
Moss Miami 111 0.52

Table. 6 The stress transfer parameter on nine screws
inserted C3 spine of Model D.

Type STP
CDI 0.22
CDII 0.29
CD Il 0.35
TSRH | 0.57
TSRH II 0.21
TSRH I11 0.42
Moss Miami | 0.33
Moss Miami Il 0.53
Moss Miami 11 0.37

Table. 7 The stress transfer parameter on nine screws
inserted C3 spine of Model E.

Type STP
CDI 0.24
CDII 0.27
CD Il 0.33
TSRH | 0.53
TSRH Il 0.35
TSRH 111 0.48
Moss Miami | 0.32
Moss Miami Il 0.48
Moss Miami 11 0.38




Oral Presentation

The 7t TSME International Conference on Mechanical Engineering

BMEOOO7

Table. 8 The stress transfer parameter on nine screws
inserted C3 spine of Model F.

Type STP
CDI 0.34
CDII 0.28
CD Il 0.54
TSRH | 0.49
TSRH Il 0.49
TSRH 11 0.33
Moss Miami | 0.25
Moss Miami Il 0.50
Moss Miami Il1 0.47

Table. 9 The stress transfer parameter on nine screws
inserted C3 spine of Model G.

Type STP
CDI 0.22
CD Il 0.24
CD Il 0.22
TSRH | 0.35
TSRH Il 0.32
TSRH Il1 0.40
Moss Miami | 0.37
Moss Miami Il 0.29
Moss Miami 111 0.28

Table. 10 The stress transfer parameter on nine screws
inserted C3 spine of Model H.

Type STP
CDI 0.24
CD Il 0.20
CD Il 0.39
TSRH | 0.32
TSRH Il 0.53
TSRH IlI 0.42
Moss Miami | 0.35
Moss Miami Il 0.40
Moss Miami 111 0.50

Table 11 Shown the maximum strees transfer parameter
(STP) of each model A-H

Model Type STP
Model A Moss Miami Ill 0.53
Model B TSRH | 0.50
Model C TSRH | 0.46
Model D TSRH | 0.57
Model E TSRH 11 0.48
Model F co i 0.54
Model G TSRH Il 0.40
Model H Moss Miami Ill 0.50
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Fig. 8 maximum stress distribution on C3 spine inserted
TSRH I.

4. Discussion

The maximum von Mises stress occurred at the
first thread of pedicle screw because the load transfer
was act on the cap and the first thread had less cortex
bone to resist the pull out load that transfer from the
cap. Each parameters of pedicle screw such as outer
diameter, core diameter, pitch, proximal root radius,
distal root radius and thread width affect the pullout
strength. From the results, the highest STP occurred at
TSRH I. The large outer diameter increased the thread
area of pedicle screw to share more the load from the
bone than the small diameter.

5. Conclusion

This study compared the nine pedicle screws,
which had difference parameters for evaluate the
pullout strength when inserted in C3 spine. All screw’s
parameter affected the pullout strength of pedicle
screw. Finite element method was analyzed the failure
of pedicle screw inserted cervical spine in screw
pullout process and compared by stress transfer
parameter (STP) of each screw to show the screw’s
parameter that affect the pullout strength. The TSRH |
was the best of pedicle screw when inserted in C3
spine from stress transfer parameter analysis to resist
the pullout force. The large outer diameter and core
diameter was the main cause of the high pullout
strength. The pedicle screw was designed based on the
force disperse between bone and screw for a good
performance [17].
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