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Abstract: The aim of this study is to analyze the simulated behavior of universal spacer in Dynesys dynamic stabilization system 
inserted in human vertebra. Dynesys, so-called “Dynamic neutralization system for the spine”, dynamic stabilization system is a new 
concept in the surgical treatment of lower back pain recently. Universal spacer used as flexible material is to stabilize the spine and 
the material property of universal spacer is polycarbonate urethane. Universal spacer may apply different kinematic behaviors at 
implanted level in vertebra. Spinal range of motion(SROM) of inter-vertebra with installed Dynesys dynamic stabilization system 
was studied using Adams+LifeMOD as simulation software package. The vertebra model was set up to closely resemble the in-vivo 
conditions. Inter-vertebra rotations were measured by post processor of Adams and compared with the intact values. SROMs of the 
flexion, extension, lateral bending, and axial rotation of human virtual models were measured, where three spinal fixation systems 
such as rigid system, Dynesys system, and fused system were installed. As a result, the value of SROM is decreased in 
flexion-extension and lateral bending when the spinal fixation system is implanted. The movement of Dynesys system is similar to 
that of intact model by allowing the movement of lumbar. This means that the Dynesys system is proved to be safe and effective in 
the treatment of unstable spinal condition. 
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1 Introduction 
 

Lumbar fusion supported by rigid instrumentation is 
often used in the treatment of a wide variety of spinal 
disorders. However, there are numerous clinical studies 
reporting accelerated disc degeneration adjacent to fused 
and/or rigidly instrumented segments. In order to 
maintain the mobility of a motion segment and to prevent 
negative effects on the adjacent segments, dynamic 
stabilization systems became more and more 
popular[1−3]. 

Dynesys, so-called “Dynamic neutralization system 
for the spine”, dynamic stabilization system is a new 
concept in the surgical treatment of lower back pain 
recently. STOLL et al[4] introduced the Dynesys 
(Dynamic neutralization system for the spine), and it was 
first used in France in 1994. Especially the Dynesys® 
(Zimmer Inc., Warsaw, IN, USA) system is the only 
posterior dynamic stabilization system to receive 

clearance from the US Food and Drug Administration 
(FDA) in 2004 and its clearance is granted only for use 
as an adjunct to fusion[5]. The Dynesys® system is 
composed of titanium alloy (Protasul 100) pedicle screws, 
polyethylene-terephalate (Sulene-PET) cords, and 
polycarbonat-urethane (Sulene-PCU) spacers (see Fig.1). 

The objective of this study is to compare the 
kinematic behavior of spinal fixation systems that are 
Rigid system, Dynesys system, and Fused system to 
estimate the result after spinal fusion by virtual human 
model. Therefore, the spinal fixation system model was 
developed by commercial software (Adams, MSC 
Software, USA) for implant to the virtual human model. 

BRG.LifeMOD 2005.5.0 (Biomechanics Research 
Group, Inc, USA) generates a standard skeletal model 
depending on the anthropometric variables (gender, 
height, mass, age and ethnicity). Spinal fixation system 
was installed from L4 to S1. The L4-S1 is represented as 
two motion segments of vertebra in patient. Four spinal 
fixation systems which are intact system, Rigid system, 
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Dynesys system, and Fused system were developed. To 
simulate the human model motions which include flexion, 
extension, lateral bending, and axial rotation, four spinal 
fixation systems were installed to the lumbar vertebra 
between L4 and S1 with the aim of represent patient. 
 

 
Fig.1 Dynesys spinal system on spine model (a) and CAD 
model (b)[6] 
 

The simulation results are presented in terms of 
spinal range of motion (SROM). SROM is compared 
with the results of each system which are Rigid system, 
Fused system, Dynesys system to study the effect of 
spinal fixation system after spinal fusion. The advantages, 
disadvantages, and limitations of the method are 
presented and discussed. 
 
2 Experimental 
 

Dynesys system consists of spacer, cord, pedicle 
screw, and set screw as shown in Fig.1. Appropriate 
material properties were found from Refs.[7−9] as listed 
in Table 1. 

In this study, pedicle screw and set screw were 
developed by commercial software which is Adams of 
MSC Software. Standard skeletal model depending on 
the anthropometric variables (gender, height, mass, age 
and ethnicity) was generated by BRG.LifeMOD 2005.5.0 
(Biomechanics Research Group, Inc., USA) (see Fig.2). 
Spinal fixation system was installed from L4 to S1. L4- 

Table 1 Material properties of stabilization device 

Part Material Density/
(kg·m−3) 

Elastic 
modulus/GPa

Poisson’s 
ratio 

Pedicle 
screw Titanium alloy 4 850 102.0 0.30 

Set screw Titanium alloy 4 850 102.0 0.30 

Rod Titanium alloy 4 850 102.0 0.30 
Universal

spacer
Polycarbonate-

urethane 1 220 2.4 0.37 

PET cord Polyethylene-
terephthalate 1 370 3.1 − 

 

 
Fig.2 Skeletal full body models of human (a) and joints (b) at 
lumbar spine[10] 
 
S1 is represented as two motion segments of vertebra in 
patient. Degeneration occurs very often at this point. 

We developed three spinal fixation systems which 
are Rigid system, Dynesys system and Fused system. 
Intact model was created for the comparison with other 
system installed to human vertebra. Rigid system was 
fixed between L4 and S1 by pedicle screw and rigid rods. 
Dynesys system has dynamic stabilization device that 
includes pedicle screws and flexible rods instead of rigid 
rods. Fused system was a combine system which used 
rigid and flexible rods together at the inferior and 
superior segment. To simulate the human model motions 
which include flexion, extension, lateral bending, and 
axial rotation, four spinal fixation systems were installed 
to the lumbar vertebra between L4 and S1 with aim of 
represent patient. To represent the intervertebral disc 
dynamics, joint elements were created on the lumbar 
column from L4 to S1 (see Fig.2). 
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A soft tissue set which is ligament and muscle was 
generated from LifeMOD’s database of muscles. To 
compare with the result of each system, inverse 
dynamics simulation was performed to calculate the 
patterns of the muscle’s shortening and lengthening. In 
the forward dynamics simulation, each muscle tries to 
replicate the desired shortening/lengthening pattern 
obtained from the inverse dynamics simulation in order 
to reproduce the motion. As a result, we could compare 
with the range of motion(ROM) of each system which is 
Rigid system, Fused system, Dynesys system to study 
the effect of spinal fixation system after spinal fusion. 

In this study, the motion data were obtained by 
spline to except the subjective motion. The range of 
motion of Intact model was established by spinal range 
of motion (SROM) which was indicated guideline of 
AMA (American Medical Association) (see Table 2). The 
motion data of human model using spline were 
calculated by displacement of head center of mass (CM) 
in X-axis, Y-axis, and Z-axis to represent the ROM of 
Intact model. 
 
Table 2 Spinal range of motion of intact model[11] 

No. Movement SROM/(˚) 

1 Lumbar flexion 60 

2 Lumbar extension 25 

3 Lumbar lateral bending 25 

4 Thoracic axial rotation 30 

 
3 Results 
 

The simulation data of each motion were compared 
with the data of intact model in Table 2. The data of 
intact model were used for validation of human model 
before installed spinal fixation system. To obtain the 
SROM of intact model, lower body which is from the 
lumbar joint to the foot of human model was fixed to the 
ground. The upper body, from the lumbar joint to the 
head, motions were allowed. Through the diagram of 
Head CM (center of mass) position, the SROM was 
calculated by using trigonometry law. The SROM could 
be calculated by substitute for absolute value of 
displacement over Y-axis and Z-axis. 

During the first 6 s, the displacement of flexion is 
presented, and from 6 s to 12 s the displacement of 
extension is presented in Fig.3. 
 
3.1 Motion of flexion and extension 

α1, SROM of the flexion motion, can be calculated 
and the displacements of a3 and b2 were obtained by the 
simulation results of each spinal fixation system which 
include Rigid system, Dynesys system and Fused system 
(see Fig.4). The method to get the α2 that is SROM of  

 

 
Fig.3 Diagram of head CM position in intact model at flexion 
and extension 
 

 

Fig.4 Range of motion of flexion/extension 
 
extension motion is also like the previous method at 
flexion. The SROM was calculated by the simulation 
results. 

By using trigonometry law, α1 can be expressed as 
 

11 2
π βα −=                                  (1) 

 
a3 and b2 are obtained by the simulation as 
 

2

3
1 arctan

b
a

=β                                (2) 
 
Thus, α1 is obtained as 
 

2

3
11 arctan

2
π

2
π

b
a

−=−= βα                     (3) 

and 

 22 2
π βα −=                                (4) 

a4 and b1 are obtained by the simulation as 
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Thus, α2 is obtained as 
 

b
a4

22 arctan
2
π

2
π

−=−= βα                    (6) 

 
Therefore, if the displacements (a3, a4, b1 and b2) of 

the four models are known, α1 and α2 can be obtained. 
As a result of flexion, the spinal range of motion of 

axial rotation was 60˚ in intact model, 26˚ in Rigid 
system, 41˚ in Fused system, and 55˚ in Dynesys system. 
The results mean that the SROM of Rigid system is 
decreased by 57% compared to that of the Intact model. 
The SROM of Fused system is decreased by 32% 
compared to that of the Intact model. The SROM of 
Dynesys system is decreased by 9% compared to that of 
the intact model. The SROM of Dynesys system is 
similar to that of the Intact model. 

As a result of extension, the range of motion of 
axial rotation is 25˚ in intact model, 10˚ in Rigid system, 
13˚ in Fused system, and 21˚ in Dynesys system. The 
results mean that the SROM of Rigid system is decreased 
by 60% compared to that of the intact model. The SROM 
of Fused system is decreased by 48% compared to that of 
the Intact model. The SROM of Dynesys system is 
similar to that of the Intact model. The difference of 
SROM is decreased by 16%. 
 
3.2 Motion of axial rotation 

Axial rotation is rotational motion of Y-axis over 
X−Z plane in LifeMOD coordinate system. The SROM 
of axial rotation motion was calculated by Eq.(7) and 
displacement of a and b was got by the simulation result 
of each spinal fixation system that includes Rigid system, 
Dynesys system and Fused system (Fig.5). 

α is obtained as 
 

b
aarctan=α                                 (7) 

 
Therefore, the spinal range of motion of the axial 

 

 
Fig. 5 Range of motion of axial rotation 

rotation is 25˚ in intact model, 12˚ in Rigid system, 15˚ 
in Fused system, and 21˚ in Dynesys system. The results 
mean that the SROM of Rigid system is decreased by 
52% compared to that of the Intact model. The SROM of 
Fused system is decreased by 40% compared to that of 
the Intact model. The SROM of Dynesys system is 
similar to that of the intact model. The difference of 
ROM is decreased by 16%. 
 
3.3 Motion of lateral bending 

Lateral bending is rotational motion of Z-axis over 
X−Y plane in LifeMOD coordinate system. The SROM 
of lateral bending motion was calculated by the 
displacement of angle (see Fig.6). The reference point of 
angle was Lumbar joint. 
 

 
Fig.6 Range of motion of Lateral bending 
 

The SROM (α) can be expressed as 
 

βα −=
2
π                                   (8) 

 
a1 and b are obtained by simulation 
 

b
a1arctan=β                                 (9) 

 
Thus, α is obtained as 
 

b
a1arctan

2
π

2
π

−=−= βα                     (10) 
 

Therefore, the spinal range of the motion of axial 
rotation is 30˚ in intact model, 10˚ in Rigid system, 18˚ 
in Fused system, and 23˚ in Dynesys system. The results 
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mean that the SROM of Rigid system is decreased by 
67% compared to that of the intact model. The SROM of 
Fused system is decreased by 40% compared to that of 
the intact model. The SROM of Dynesys system is 
similar to that of the intact model. The difference of 
SROM is decreased by 8%. All the simulation results of 
each system are shown in Table 3. 
 
Table 3 SROM of each spinal fixation system 

SROM/(˚) 
System motion Intact 

model 
Rigid 

system 
Fused 
system 

Dynesys 
system

Lumbar 
flexion 60 26 41 55 

Lumbar 
extension 25 10 13 21 

Lumbar lateral 
bending 30 10 18 23 

Thoracic axial 
rotation 25 12 15 21 

 
Fig.7 shows the performance ratio(PR) of each 

system. The performance ratio of each system was 
compared with that of the intact model. As can be seen 
from Fig.7 the performance ratio of Dynesys system is 
similar to that of the intact model. The performance ratio 
of Rigid system is almost 50% less than that of the Intact 
model. This means that the Rigid system limits the 
movement of lumbar after spinal surgery. 
 

 
Fig.7 Performance ratio of each system compared with that of 
intact model 
 
4 Conclusions 
 

1) The simulation results about Rigid system, Fused 
system, and Dynesys system are in discord with result of 
Intact model. The results are similar to those of Dynesys 
system with Intact model. This verifies the SROM of 
Dynesys system is close to that of real motion. The range 

of motion of lumbar flexion is 60˚ in Intact model. The 
simulation result of SROM of Dynesys system is 
decreased by 9% compared to that of Intact model. In the 
lumbar extension and thoracic axial rotation, the 
simulation result of SROM of Dynesys system is 
decreased by 16% compared to that of Intact model. In 
the lumbar lateral bending, the simulation result of 
SROM of Dynesys system is decreased by 8% compared 
to that of Intact model. But, the huge increment of the 
SROM of Dynesys system will be caused by side effect 
that concentrates the stress to the adjacent vertebra which 
was implanted by Dynesys system. The possibility will 
not be able to attain a goal that is to reduce the back pain 
by spinal fixation system. 

2) The results of this study proposed that the Fused 
system is the better system to minimize the side effect 
and complication until fused. Fused system will be help 
to maintain the operated vertebra for the stabilization. 

3) For further study, to verify our results of 
simulation and proposal, clinical follow-up will be 
researched continuously about patients of spinal diseases. 
Using various virtual human model, the correlation 
between adjacent vertebra installed spinal fixation 
system will be analyzed. 
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