
J Orthop Sci (2009) 14:443–449
DOI 10.1007/s00776-009-1341-z

Original article

Biomechanical comparison of instrumentation techniques in treatment 
of thoracolumbar burst fractures: a fi nite element analysis

WON MAN PARK
1, YE-SOO PARK

2, KYUNGSOO KIM
3, and YOON HYUK KIM

1

1  Department of Mechanical Engineering, School of Advanced Technology, Kyung Hee University, 1 Seochen-dong, Giheung-gu, Yongin-si, 
Gyeonggi-do 446-701, Korea
2  Department of Orthopaedic Surgery, Guri Hospital, College of Medicine, Hanyang University, Seoul, Korea
3  Department of Mathematics, Kyonggi University, Suwon, Korea

Abstract
Background. There are several surgical techniques currently 
employed to treat thoracolumbar burst fractures, including 
anterior fi xation, posterior fi xation, or combined anterior-pos-
terior fi xation. Biomechanical analysis of the various types of 
surgical techniques is therefore critical to enable selection of 
the appropriate surgical method for successful spinal fusion. 
However, the effects of the various spinal fusion techniques 
on spinal stiffness have not been clearly defi ned, and the 
strengths and weaknesses of each fusion technique are still 
controversial.
Methods. The biomechanical effects of increasing the number 
of anterior rods and removing the mid-column in anterior 
fi xation, posterior fi xation, and combined anterior-posterior 
fi xation on spinal stiffness in thoracolumbar burst fractures 
was investigated. Finite element analysis was used to investi-
gate the effects of the three fusion methods on spine biome-
chanics because of its ability to control for variables related 
to the material and experimental environment.
Results. The stiffness of the fused spinal junction highly cor-
relates with the selection of an additional posterior fi xation. 
The mid-column decompression showed a signifi cant change 
in stiffness, although the effect of decompression was much 
less than that with the application of posterior fi xation and the 
anterior rod number. In addition, two-rod anterior fi xation 
without additional posterior fi xation is able to provide enough 
spinal stability; and one-rod anterior fi xation with posterior 
fi xation yields better results in regard to preventing excessive 
motion and ensuring spinal stability.
Conclusions. The present study shows that careful consider-
ation is necessary when choosing the anterior rod number 
and applying posterior fi xation and mid-column decompres-
sion during surgical treatment of thoracolumbar burst 
fractures.

Introduction

Approximately 90% of spinal fractures are found in the 
thoracolumbar junction, and burst fractures comprise 
10%–20% of such injuries.1,2 Although conservative 
treatment is commonly indicated for a relatively stable 
fracture, surgical treatment is effective when there are 
serious transformations and neurological defi cits. Spinal 
fusion is one of the most common surgical techniques 
for treating spinal fractures to decrease the possibility 
of nonunion of the fracture. There are several surgical 
spinal fusion techniques for treating burst fractures, 
including anterior fi xation, posterior fi xation, and com-
bined anterior-posterior fi xation.2 Although there are 
many important factors to take into consideration to 
minimize the damage of pulmonary, visceral, and vas-
cular structures as well as soft tissue damage (e.g., a high 
degree of surgical skill, the operating time, the choice 
of surgical site), stiffness of the fused spinal junction is 
one of the most essential factors when choosing an 
appropriate surgical technique for a patient. The stiff-
ness of the fused spinal junction, which means the stiff-
ness of the instrumentation, can be defi ned by dividing 
the applied moment to the spinal junction by the rotated 
angle of the junction. Low stiffness of the fused junction 
may produce nonunion of the fracture or instrument 
failure, while excessively high stiffness may result in 
excessive motion of adjacent spinal junctions, which can 
lead to adjacent segment disease.2,3 Therefore, biome-
chanical analysis of stiffness resulting from the various 
spinal fusion methods is indispensable when planning 
spinal fusion to treat a fracture.

Biomechanical analyses of the stiffness of fused spinal 
junctions have commonly been performed by experi-
mental studies evaluating individual surgical technique. 
However, these experimental studies have signifi cant 
drawbacks: Large numbers of subjects or cadavers are 
required, and the results of the experiment are depen-
dent on the material and experimental environment.4,5 
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For example, only one fusion method can be applied to 
each subject. Therefore, fi nite element analysis, which 
has been used in the spine biomechanics fi eld for the 
last three decades,6 was utilized in this study to investi-
gate the effects of various fusion methods on spine bio-
mechanics because fi nite element analysis can easily 
control for variables related to the material and experi-
mental environment.

In this study, we investigated the biomechanical effect 
of the increase in number of anterior rods, combined 
posterior fi xation, and removal of the mid-column for 
decompression on spinal stiffness in thoracolumbar 
burst fractures in anterior fi xation, posterior fi xation, 
and combined anterior-posterior fi xation using fi nite 
element analysis. We developed a fi nite element model 
of the intact thoracolumbar junction from T12 to L2, 
and various spinal fusion models were developed using 
the intact model. Spinal stiffness of each model, which 
is the stiffness of the fused spinal junction, was then 
calculated and analyzed.

Materials and methods

Finite element model of an intact thoracolumbar 
junction (T12–L2)

Computed tomography (CT) scanning of a 1-mm slice 
from T12 to L2 was performed on a 21-year-old healthy 
man with a height of 175 cm. A solid model of the 
lumbar spine (T12-L2) was reconstructed using 3D-
Doctor software (Able Software, Lexington, MA, USA) 
to detect the boundary edge of each slice and Rapid-
form software (Inus Technology, Seoul, Korea) to stake 
the slices and to convert the images into an IGES-type 
model. The fi nite element model was then developed 
from the solid model using FEMAP ver. 8.2 software 
(UGS, Plano TX, USA) (Fig. 1). Each vertebra model 
consisted of a cortical and cancellous bone and two end-
plates. The cortical bone was modeled with a thickness 
of approximately 1.5 mm, and both the upper and the 
lower end-plates were assumed to be 0.5 mm thick.3,7 
The vertebrae were aligned to have a 0.8° angle between 
T12 and L1 and a 2.5° angle between L1 and L2 in the 
sagittal plane.8 About 5 mm of cartilage layers were 
built on the surface of the facet joints, which were 
in contact with an initial gap of 0.5 mm and a friction 
coeffi cient of 0.1 between the superior and inferior 
cartilages.9,10

The intervertebral disc consisted of a nucleus pulpo-
sus, annulus ground substances, and annulus fi brosus. 
The nucleus pulposus was created as an incompressible 
fl uid-fi lled cavity inside the annulus fi brosus, and its 
area was assumed to be 43% of the intervertebral disc 
area.9 The annulus fi brosus was constructed in fi ve 

layers in the radial direction with an approximate angle 
of 30° to the adjacent end-plates where the cross-
sectional area of the annulus fi brosus was assumed as 
the total volume of annulus fi bers was 19% of the total 
annulus volume.5–7 All seven spinal ligaments, including 
the anterior longitudinal ligament, posterior longitudi-
nal ligament, intertransverse ligament, ligamentum 
fl avum, interspinal ligament, supraspinal ligament, and 
capsular ligament, were also included in the fi nite 
element model of the intact thoracolumbar junction. 
The material and anatomical properties were based on 
previous literature (Table 1).5,9–11 The developed fi nite 
element model of an intact thoracolumbar junction 
from T12 to L2 had 25  018 nodes and 36  306 elements. 
The developed intact model of T12-L2 was initially 
validated by comparing its stiffness to the stiffness 
reported in previous studies when using one or two 
motion segments from L1 to L2 and from T12 to L2 in 
fl exion, extension, lateral bending, and torsion loading, 
respectively.

Finite elements models of spinal fusion 
thoracolumbar spine

Three-dimensional computer-aided design (CAD) 
models of implants such as pedicle screws, rods, and a 
cage (Medtronic, Minneapolis, MN, USA) for anterior 
and posterior fi xation, were constructed using Solid-
Works software (SolidWorks, Concord, MA, USA) 
based on the drawing information from the manufac-
turer. The fi nite element models of the implants were 

Table 1. Material properties used in the fi nite element model 
of the lumbar spine

Spinal site

Young’s 
modulus 
(MPa)

Poisson’s 
ratio

Cross-
sectional 

area (mm2)

Vertebra
 Cortical bone 12000 0.3
 Cancellous bone 100 0.2
 Endplate 1000 0.4
 Cartilage 10 0.4
Intervertebral disc
 Nucleus pulposus 0.2 0.4999
 Annulus ground 4.2 0.45
 Annulus fi brosus 450 0.3 0.15
Ligament
 Anterior 20.0 0.3 63.7
 Posterior 20.0 0.3 20
 Flavum 19.5 0.3 40
 Intertransverse 58.7 0.3 3.6
 Interspinal 11.6 0.3 40
 Supraspinal 15.0 0.3 30
 Capsular 32.9 0.3 60
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(a) 0R-ND-P 

(b) 1R-ND-NP (c) 1R-ND-P 

(d) 2R-ND-NP (e) 2R-ND-P 

Fig. 1. Five fusion models of no mid-
column decompression (ND). a Posterior 
fi xation (0R-ND-P). b One-rod anterior 
fi xation (1R-ND-NP). c One-rod anterior 
fi xation with posterior fi xation (1R-ND-
P). d Two-rod anterior fi xation (2R-ND-
NP). e Two-rod anterior fi xation with 
posterior fi xation (2R-ND-P). Five fusion 
models with mid-column decompression 
were also developed. 0R, 1R, and 2R indi-
cate the number of rods used for anterior 
fi xation. D and ND indicate decompres-
sion or no decompression of the mid-
column, respectively. P and NP indicate 
that posterior fi xation or no posterior fi x-
ation was performed, respectively

then developed from these CAD models and were 
assumed to have the material property of titanium with 
an elastic modulus of 77 GPa and a Poisson’s ratio of 
0.3.9 Ten spinal fusion models were developed with a 
surgeon’s consultation using the developed fi nite 
element models of the intact thoracolumbar junction 
and the implants according to the change of anterior rod 
number from 0 to 2, with or without posterior fi xation, 
with decompression or no decompression of the mid-
column: 0R-ND-P, 0R-D-P, 1R-ND-NP, 1R-D-NP, 1R-
ND-P, 1R-D-P, 2R-ND-NP, 2R-D-NP, 2R-ND-P, and 
2R-D-P (Fig. 1). 0R, 1R, and 2R indicate the number 
of rods used for anterior fi xation; D and ND indicate 

decompression and no decompression of the mid-
column, respectively; and P and NP indicate if posterior 
fi xation was performed or not performed, respectively.

Different corpectomies were performed in the L1 
vertebra for the no mid-column decompression and the 
mid-column decompression (Fig. 2a,b). For no mid-
column decompression (ND), the left lateral part of the 
vertebral body in L1 was removed, as shown in Fig. 2a. 
For mid-column decompression (D), the whole poste-
rior part of vertebral body in L1 was additionally 
removed, as shown in Fig. 2b. The cage was then inserted 
in the center of the L1 vertebra for no mid-column 
decompression (ND) or moved approximately 5 mm in 
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the posterior direction from the center for mid-column 
decompression (D). A high friction coeffi cient of 0.8 
was assigned between the superior plate of the cage and 
the inferior plate of T12, and the inferior plate of the 
cage and the superior plate of L2, owing to teeth on the 
surface of the cage that prevent the implant from slip-
ping.9 The friction coeffi cient between the fl ank surface 
of the cage and the L1 vertebra was set to 0.1. For pos-
terior fi xation, three ligaments — supraspinal ligament, 
interspinal ligament, ligamentum fl avum — were 
removed, and two pedicle screws were inserted in the 
same position regardless of the models (Fig. 2c). For 
anterior fi xation, the screws were positioned anterolat-
erally according to the number of rods (Fig. 2c).

Loading and boundary conditions

The bottom of the L2 vertebra was fi xed and 5 Nm of 
pure moment was applied on the top of the T12 verte-
bra for fl exion, extension, lateral bending (left/right), 
and torsion (left/right) using two 100-mm rigid bars 
(Fig. 3). The spinal stiffness for each loading of the 
intact thoracolumbar junction and 10 spinal fusion 
models were obtained by dividing the rotation angle by 
the applied moment. For fi nite element analysis, 
Abaqus/Standard 6.5 (Abaqus/Simulia, Providence, RI, 
USA) was used.

Results

The stiffness of the intact model correlated well with 
the experimental results (Fig. 4). For the case of one 
level (L1-L2) in the intact thoracolumbar spinal junc-
tion, the stiffnesses were 2.7, 2.8, 2.1, and 6.9 Nm/° for 
fl exion, extension, lateral bending, and torsion, respec-
tively, whereas the corresponding experimentally 

(a) No mid-column decompression model (b) Mid-column decompression model

(c) Positions of screws for anterolateral and posterior fixation 

1R 

P

2R

Fig. 2. Surgical options for developing 
the fi nite element models. a No mid-
column decompression model. b Mid-
column decompression model. c Positions 
of screws for anterolateral and posterior 
fi xation

Fig. 3. Loading and boundary conditions for fl exion/exten-
sion, left/right lateral bending, and left/right torsion

measure stiffnesses were 1.4–2.9, 2.1–3.7, 1.8–2.7, and 
4.6–12.5 Nm/° (Fig. 4).12–14 Similarly, for the case of the 
two levels (T12-L2) in the intact thoracolumbar spinal 
junction, the stiffnesses were 1.9, 1.6, 1.1, and 3.9 Nm/° 
for fl exion, extension, lateral bending, and torsion, 
respectively, whereas the corresponding experimentally 
measured stiffnesses were 0.8–1.6, 0.8–2.0, 0.5–1.4, and 
1.3–6.7 Nm/° (Fig. 4).15,16

All of the fusion models predicted higher stiffness 
values than the intact model in fl exion, extension, and 
left/right lateral bending (Fig. 5). However, in torsion, 
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the stiffness of three models — 0R-D-P, 1R-ND-NP, 
1R-D-NP — were lower than that of the intact model; 
whereas two models — 0R-ND-P, 2R-D-NP — had 
stiffness similar to that of the intact model (Fig. 5).

Infl uence of number of rods in the anterior fi xation

The stiffness increased as the number of rods used 
in the anterior fi xation increased, regardless of pos-
terior fi xation, mid-column decompression, or loading 
(Fig. 5). The effect of rod number on spinal stiffness 
decreased when additional posterior fi xation was per-
formed. For example, in the anterior fi xation without 
posterior fi xation under no mid-column decompression, 
the two anterior rod fi xation case (2R-ND-NP) showed 
161%, 354%, 67%, and 37% higher stiffness values in 
fl exion, extension, right lateral bending, and right 
torsion, respectively, than those in one-rod fi xation 
(1R-ND-NP). When adding posterior fi xation, 2R-ND-
P showed only slightly higher stiffness values than those 
in no rod fi xation (0R-ND-P) or in one-rod fi xation 
(1R-ND-P).

Infl uence of combined posterior fi xation

Stiffness values of no posterior fi xation cases were 
greatly increased by adding posterior fi xation regard-
less of rod number, mid-column decompression, or 
loading (Fig. 5). The effect of posterior fi xation on 
spinal stiffness decreased when the number of rods 
increased. For example, for two-rod anterior fi xation 
with posterior fi xation under no mid-column decom-
pression (2R-ND-P), the stiffness increased by 257%, 
172%, 62%, and 77% in fl exion, extension, right lateral 
bending, and right torsion, respectively, compared with 
those without posterior fi xation (2R-ND-NP); and the 
stiffness of 1R-ND-P increased by 690%, 724%, 142%, 
and 105% in fl exion, extension, right lateral bending, 
and right torsion, respectively, in comparison with 
1R-ND-NP.

Infl uence of mid-column decompression

Mid-column decompression reduced the stiffness 
values regardless of rod number, posterior fi xation, or 
loading (Fig. 5). The effect of mid-column decompres-
sion was prominent in the cases of pure posterior fi xa-
tion (0R-ND-P and 0R-D-P). The stiffness with 
0R-ND-P was 189%, 74%, 127%, and 57% higher in 
fl exion, extension, right lateral bending, and right 
torsion, respectively, than with 0R-D-P. The stiffness 
of the other models with mid-column decompression 
was slightly lower than those with no mid-column 
decompression.
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Discussion

There are several surgical techniques currently employed 
to treat thoracolumbar burst fractures, including ante-
rior fi xation, posterior fi xation, and combined anterior-
posterior fi xation. Biomechanical analysis of the various 
types of surgical techniques is therefore critical to enable 
selection of the appropriate surgical method for suc-
cessful spinal fusion. However, the effects of various 
spinal fusion techniques on spinal stiffness have not 
been clearly defi ned, and the strengths and weaknesses 
of each fusion technique are still controversial.1,2,17–20 In 
this study, the biomechanical effects of anterior rods 
and decompression of the mid-column on spinal stiff-
ness in thoracolumbar burst fractures was evaluated 
after anterior fi xation, posterior fi xation, and combined 
anterior-posterior fi xation. The fi nite element analysis 
was used to investigate the effects of various fusion 
methods on spine biomechanics owing to its conve-
nience of controlling the variables related to the mate-
rial and experimental environment.

Although all the fusion models predicted higher stiff-
ness values than the intact model in fl exion, extension, 
and left/right lateral bending, fi ve models — 0R-ND-P, 
0R-D-P, 1R-ND-NP, 1R-D-NP, 2R-D-NP — showed 
lower or similar stiffness when compared to the intact 
model in torsion. For spinal stability, the stiffness after 
fusion should be greater than the values of the intact 
spine under all loading conditions. Therefore, the use 
of two rods is recommended for anterior fi xation without 
additional posterior fi xation (2R-ND-NP and 2R-D-
NP). Using one or two rods is also advantageous when 
posterior fi xation is performed (1R-ND-P, 1R-D-P, 2R-
ND-P, 2R-D-P). However, two-rod anterior fi xation 
with posterior fi xation (2R-ND-P, 2R-D-P), which pro-
vides much greater stiffness, should be used as a fusion 
technique only when necessary because too high spinal 
stiffness of the fused junction may result in adjacent 
segment disease owing to the excessive motion of adja-
cent spinal junctions.2,3

In this study, the number of anterior rods, mid-
column decompression, and additional posterior fi xa-
tion were examined as biomechanical factors for 
investigation of spinal stiffness. The effect of posterior 
fi xation on spinal stiffness was substantially more pro-
nounced than that of the number of anterior rods or 
mid-column decompression. For example, the stiffness 
of fl exion, extension, right lateral bending, and right 
torsion in 1R-ND-P increased by 690%, 724%, 142%, 
and 105%, respectively, in comparison with those of 
1R-ND-NP; and with 2R-ND-NP the stiffness of these 
factors increased by 161%, 354%, 67%, and 37% com-
pared to 1R-ND-NP. In contrast, mid-column decom-
pression had substantially less infl uence on spinal 
stiffness than did posterior fi xation and anterior rod 

number even though decompression resulted in mean-
ingfully lower stiffness.

Several clinical studies support the results presented 
here. Wood et al.1 reported that anterior fi xation resulted 
in clinical outcomes similar to those achieved with pos-
terior fi xation and signifi cantly reduced the complica-
tion rate following anterior treatment of burst fractures. 
Schreiber et al.19 reported that although the stiffness of 
fl exion, extension, and lateral bending increased as sig-
nifi cantly as a result of anterior fi xation additional pos-
terior fi xation was still recommended because horizontal 
movement of vertebrae increased. In addition, Payer20 
reported that posterior fi xation is a safe, reliable surgi-
cal method for spinal alignment, stability, and decom-
pression in cases of neurological defi cit. However, 
additional anterior fi xation is recommended because 
instrument failure and recurrence of kyphosis have 
been reported when surgery is performed without ver-
tebral body reconstruction.19

The developed intact model (T12-L2) was validated 
by comparing its stiffness with that in previous experi-
mental studies for both one-level and two-level motion 
segments. All stiffness values were within experimental 
ranges regardless of the number of levels and the 
loading, except the stiffness in fl exion for two-level 
motion segments (1.9 Nm/°), which was only slightly 
higher than the experimental range (0.8–1.6 Nm/°), so 
the difference may be negligible. In the future, develop-
ing a whole thoracolumbar spine model may provide 
more precise analysis. Additionally, the infl uence of 
other parameters on spinal stiffness, including the level 
of osteoporosity of each vertebra and the position and 
size of the implant, needs to be investigated.

There were a few restrictions and limitations in this 
study. The lumbar spine model was developed based on 
the CT data from one subject. It is necessary to investi-
gate several subjects for a more clinically feasible con-
clusion because the geometry of vertebrae can affect 
the analysis result. Moreover, subject-specifi c material 
properties for bone, discs, and ligaments (instead of the 
properties based on previous literature) could increase 
the clinical relevance of the analysis. Muscle force also 
needs to be considered to simulate more realistic in vivo 
situation.

Conclusion

The results have shown that the stiffness of the fused 
spinal junction depends highly on the selection of addi-
tional posterior fi xation. Mid-column decompression 
affected spinal stiffness, although this effect was much 
less than that of the application of posterior fi xation 
and the number of anterior rods. In addition, two-rod 
anterior fi xation without additional posterior fi xation 
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provides suffi cient spinal stability, although one-rod 
anterior fi xation with posterior fi xation is preferred as 
it prevents excessive motions and ensures spinal stabil-
ity. The present study indicates that careful consider-
ation is necessary when choosing the number of anterior 
rods. Moreover, applying posterior fi xation and mid-
column decompression is necessary for surgical treat-
ment of thoracolumbar burst fractures.
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