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Abstract

The aging society is serious, which leads to a significant increase 
in the incidence of bone metabolic diseases in senile osteoporosis. 
However, the screw loosening, extraction and non-fusion of bone 
graft caused by osteoporosis pose great challenges to clinicians. 
Therefor In this study, finite element analysis was used to evaluate 
the mechanical properties of four kinds of pedicle screw internal 
fixation in the treatment of different osteoporosis, so as to provide 
mechanical theoretical basis for biomechanical experiments and 
clinical experiments in the future.

Keywords: Osteoporosis; Spine; Pedicle screws; Internal fixa-
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Introduction

At present, China has entered an aging society. Senile osteo-
porosis is an age-related bone metabolic disease, and its inci-
dence increases significantly with age [1]. In 2016, the preva-
lence of osteoporosis was as high as 36% in the elderly over 60 
years old in China, with 23% in men and 9% in women [2]. The 
common spinal diseases in the elderly, such as lumbar spinal 
stenosis, degenerative lumbar spondylolisthesis, degenerative 
scoliosis, spinal fracture and so on, are often combined with 
osteoporosis, and the problems caused by osteoporosis, such 
as screw loosening, extraction, and non-fusion of bone graft-
ing, bring great challenges to clinicians. With the rapid develop-
ment of medical technology, take effective measures to prevent 
treatment for spinal diseases have become the focus in the field 
of spine surgery [3]. In recent years, with the rapid develop-
ment of computer-aided imaging technology, it has played an 
important role in the prevention and clinical treatment of spinal 
diseases. Computer-aided imaging technology can ensure that 
doctors can complete the placement of spinal pedicle screws 
under direct vision, which can effectively improve the clinical 
treatment effect and promote the early recovery of patients [4].

Finite element analysis has been widely used in the biome-
chanical evaluation of spinal fractures, which can provide a 
basis for the selection of internal fixation methods for spinal 
fractures. The finite element model can be used to study the 

stiffness of spinal elements and the long-term effect of scoliosis 
correction, which has the advantages that in vivo experiments 
do not have [5]. In the process of establishing the model, the 
geometric morphology of the vertebral body and soft tissue can 
be obtained, and the corresponding biomechanical properties 
of each mechanism of the spinal segment can be assigned. The 
effectiveness and accuracy of the model are verified by compar-
ing with the results of in vitro mechanical experiments. Studies 
have shown that the finite element model of spinal motion ele-
ment is closely related to the type of each structural element 
to a certain extent, while relevant scholars believe that the fi-
nite element model can select a variety of material properties 
for different combinations, so as to select the best matching 
method [6]. However, when using finite element to simulate 
spinal pedicle screw placement in relevant studies, the results 
are more at the virtual level of software, and the results are ob-
viously different from the actual situation. In addition, there is 
still a lack of unified standards for spinal stability reconstruction 
technology [7].

According to the orthopedics Department of Gansu Provin-
cial People's Hospital, the finite element model was established 
by taking normal adult CT scan data through regular way. It is 
intended to analyze the application of different pedicle screws 
(Ordinary pedicle screw, Double thread pedicle screw, Cortical 
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bone trajectory screw and Expansion pedicle screw) in different 
osteoporosis patients (normal bone mass, osteopenia, osteopo-
rosis, severe osteoporosis) by finite element analysis method to 
guide the clinical application of pedicle screw.

Materials and Methods

CT Data Sources

The CT data of normal adults in the Department of Orthope-
dics, Gansu Provincial People's Hospital were selected, and the 
3D CT data were available and had sufficient definition.

The Establishment of the Finite Element Model

The CT images of the thoracolumbar spine were imported 
into the three-dimensional reconstruction software Mimics 
21.0 (Materialise, Belgium) in DICOM format, and the three ver-
tebral models of T12, L1 and L2 were reconstructed. The STL file 
format was imported into Geomagic 2021 (Geomagic, USA) for 
surface optimization and surface fitting to construct the verte-
bral model (Figure 1). A 3D model of the pedicle screw system 
was created using SolidWorks 2021 (Dassault, France) (Figure 
2), and the pedicle screw system and the vertebral body model 
were assembled. Four fixation models and post-assembly mod-
els of the pedicle screw rod system were constructed (Figure 
3). The bone and intervertebral disc were reticulated into a tet-
rahedral mesh, and the mesh size was selected as 1mm. The 
Ordinary Pedicle Screws (OPS) assembly has 636,633 nodes and 
386,140 elements, the double-threaded Pedicle Screw (DPS) as-
sembly has 645,492 nodes and 39,907 elements, and the cor-
tical bone track screw (CBS) assembly has 650,339 nodes and 
392,798 elements. The Expandable Pedicle Screw (EPS) assem-
bly has 787,323 nodes and 491,669 elements. The assembled 
solid model was imported into the ANSYS Workbench 18.0 (AN-
SYS Corporation, USA) software for Boolean operation analysis. 
The units and nodes of the model are shown in Table 1.

Material Properties, Boundary Conditions and Loads

According to the attachment position, the spring ligament is 
set to replace the solid ligament. The ligament parameters are 
shown in Table 2 below, and the elastic properties and Poisson's 
ratio of various structural materials are shown in Table 3. The 
interface between the screw and bone is set to be bonded. The 
cortical and cancellous bone are combined. The vertebral body 
is combined with the adjacent disc. The nucleus pulposus and 
annulus fibrosus are joined together, and the facet joint contact 
is set to a friction contact with a friction coefficient of 0.2. In 
order to mimic human lumbar true stress, under the surface of 
L2 completely fixed [8]. A load of 500N (perpendicular to the 
restraint surface) was applied to the upper surface of the first 
vertebral body T12 of the four groups of models, as shown in 
Figure 4.

The Evaluation Index

The four screw models were respectively implanted with 
normal bone (cortical bone 100%, cancellous bone 100%), os-
teopenia (cortical bone 85%, cancellous bone 85%), mild osteo-
porosis (cortical bone 75%, cancellous bone 65%), and severe 
osteoporosis (cortical bone 65%, cancellous bone 35%) with 
proportionally reduced elastic modulus. The internal fixation 
stress value and vertebral displacement value of four screw 
models in different bone were analyzed.

Results 

The Comparison of Stress and Displacement of Internal Fix-
ation System in Normal Bone

In normal bone (cortical bone 100%, cancellous bone 100%), 
the maximum stresses of OPS, DPS, CBS and EPS were 170.82 

Table 1: The unit and nodes of the model.
Model OPS DPS CBS EPS

nodes 636633 645492 650339 787323

unit 386140 390907 392798 491669

Figure 1: The establishment of the vertebral body model.
Table 2: Tensile longitudinal stiffness parameters of the ligament.

Name of Spring Ligament Elastic Behavior
Longitudinal Stiffness 

(N/mm)
Anterior longitudinal ligament Stretch 8.74
Posterior longitudinal ligament Stretch 5.83
Intertransverse ligament Stretch 2.39
Ligamenta interspinalis Stretch 0.19
Ligamenta spinosum superior Stretch 15.38
Ligamenta flavum Stretch 15.75

Figure 2: The 3D model of the pedicle screw system. A: Ordi-
nary pedicle screws (5.5mm); B: Double-threaded pedicle screw 
(5.5mm); C: Cortical bone trajectory screw (5.5mm); D: Expand-
able pedicle screw (6 mm).

Figure 3: Four fixed assembly models: A: Ordinary pedicle screw 
assembly; B: Double-threaded pedicle screw assembly; C: Cortical 
bone track screw assembly; D: Expansion pedicle screw assembly.

Figure 4: Four kinds of model of fixed constraint and load, A: force 
(500 N); B: Fixed support.
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Mpa, 166.59 Mpa, 176.69 Mpa and 164.54 Mpa, respectively. 
The maximum displacements of screw rod were 1.312 mm, 
1.1055 mm, 1.3325 mm and 1.0395 mm, respectively. The 
maximum stresses of vertebral body were 28.86 Mpa, 27.41 
Mpa, 36.42 Mpa and 24.78 Mpa, respectively. The maximum 
displacements were 1.4521 mm, 1.4150 mm, 1.4700 mm and 
1.3364 mm, respectively. Among them, CBS had the highest 
screw rod maximum stress, maximum displacement, maximum 
vertebral body stress, and maximum vertebral body displace-
ment, while EPS had the lowest maximum stress and maximum 
displacement, as shown in Table 4.

The stress distribution cloud diagram of the screw showed 
that the stress distribution of the screw rod of OPS and CBS 
model was relatively concentrated, mainly concentrated in the 
roots of the two lower fixed screws and the cross-linked rod 
(Fig. 5A and C). The stress distribution of the screw rod of the 
DPS and EPS model was relatively scattered, and the two screws 
fixed below shared part of the stress, and the stress distribu-
tion on the whole rod was relatively uniform (Figure 5B & D). 
The distribution cloud diagram of screw displacement showed 
that the displacement of OSP and DPS models mainly occurred 
at the top of the two screws fixed above, the root of the screw 
and the cross-linked rod (Figure 5E & F). The displacement of 
the CBS and EPS models occurred mainly at the top of the two 
screws fixed above (Figure 5G & H).

The stress distribution cloud map of the vertebral body 
showed that the stress was mainly concentrated in the lower 
endplate and the middle column. Compared with the stress dis-
tribution transmitted to the upper endplate, the stress distribu-
tion in the upper endplate of the OPS, DPS, and EPS models 
was dispersed (Figure 6A,B, & D), and the stress distribution in 
the upper endplate of the CBS model was concentrated (Figure 
6C). The distribution cloud map of vertebral body displacement 
showed that vertebral body displacement occurred at the up-
per endplate (Figure 6E,F,G & H).

The Comparison of Stress and Displacement Reduction in 
Bone Fixation Systems

In reduced bone (cortical bone 85%, cancellous bone 85%), 
the maximum stresses of OPS, DPS, CBS and EPS were 167.21 
Mpa, 163.28 Mpa, 172.95 Mpa, and 160.89 Mpa, respectively. 
The maximum displacements of the screw rod were 1.1626 
mm, 1.1357 mm, 1.3689 mm and 1.0811 mm, respectively. The 
maximum stresses of vertebral body were 26.79 Mpa, 224.53 
Mpa, 33.90 Mpa and 22.65 Mpa, respectively. The maximum 
vertebral displacements were 1.4927 mm, 1.4536 mm, 1.5072 
mm and 1.3883 mm, respectively. Among them, CBS had the 
highest screw rod maximum stress, maximum displacement, 
maximum vertebral body stress, and maximum vertebral body 
displacement, while EPS had the lowest maximum stress and 
maximum displacement, as shown in Table 5.

Table 3: Material properties used in finite element models.

Material Name
Elastic Modulus 

(Mpa)
Poisson Ratio

Cortical bone (normal) 12000 0.3

Cortical bone (85% osteopenia) 102 0.3

Cortical bone (mild osteoporosis 75%) 90 0.3

Cortical bone (severe osteoporosis 65%) 78 0.3

Cancellous bone (normal) 150 0.3

Cancellous bone (85% osteopenia) 127.5 0.3

Cancellous bone (mild osteoporosis 65%) 97.5 0.3

Cancellous bone (75% severe osteoporosis) 52.5 0.3

End plate 1000 0.4

Fibrous ring 4.2 0.45

Nucleus pulposus 1 0.49

Gristle 10 0.35

Nail bar 110000 0.28

Table 4: The comparison of stress and displacement of internal fixa-
tion system in normal bone.

Normal Bone OPS DPS CBS EPS

Maximum stress of nail rod (Mpa) 170.82 166.59 176.69 164.54

Maximum displacement of nail rod 
(mm)

1.1312 1.1055 1.3325 1.0395

Maximum body stress (Mpa) 28.86 27.41 36.42 24.78

Maximum vertebral displacement 
(mm)

1.4521 1.415 1.4700 1.3364

Figure 5: The nephogram of stress and displacement of posterior 
screws in normal bone pedicle nails, A: The stress nephogram of the 
Ordinary Pedicle Screws (OPS) model screw; B: The stress nepho-
gram of the Double-threaded Pedicle Screw (DPS) model screw; C: 
The stress nephogram of the Cortical Bone track Screw (CBS) mod-
el screw; D: The stress nephogram of the Expansive Pedicle Screw 
(EPS) model screw; E: The displacement cloud image of the Ordi-
nary Pedicle Screws (OPS) model screw; F: The displacement cloud 
image of the Double-threaded Pedicle Screw (DPS) model screw; 
G: The displacement cloud image of the Cortical Bone track Screw 
(CBS) model screw; H: The displacement cloud image of the Expan-
sive Pedicle Screw (EPS) model screw.

Figure 6: The stress and displacement nephogram of the posterior 
vertebral body of the pedicle nail in normal bone, A: The stress 
cloud image of the Ordinary Pedicle Screws (OPS) model vertebral 
body; B: The stress cloud image of the Double-threaded Pedicle 
Screw (DPS) model vertebral body; C: The stress cloud image of the 
Cortical Bone track Screw (CBS) model vertebral body; D: The stress 
cloud image of the Expansive Pedicle Screw (EPS) model vertebral 
body; E: The displacement cloud image of the Ordinary Pedicle 
Screws (OPS) model vertebral body; F: The displacement cloud im-
age of the Double-threaded Pedicle Screw (DPS) model vertebral 
body; G: The displacement cloud image of the Cortical Bone track 
Screw (CBS) model vertebral body; H: The displacement cloud im-
age of the Expansive Pedicle Screw (EPS) model vertebral body.

Table 5: The reduce the stress and displacement of the internal fixa-
tion system in bone.

Osteopenia OPS DPS CBS EPS

Maximum stress of nail rod (Mpa) 167.21 163.28 172.95 160.89

Maximum displacement of nail rod 
(mm)

1.1626 1.1357 1.3689 1.0811

Maximum body stress (Mpa) 26.79 24.53 33.90 22.65

Maximum vertebral displacement (mm) 1.4927 1.4536 1.5072 1.3883
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The stress distribution cloud diagram of the screw showed 
that the stress distribution of the screw rod of the CBS model 
was relatively concentrated, mainly concentrated in the roots 
of the two fixed screws below and the cross-linked rod (Figure 
7C).The stress distribution of the screw rod of the OPS, DPS, and 
EPS model was relatively scattered, and the two screws fixed 
below shared part of the stress, and the stress distribution on 
the whole rod was relatively uniform (Figure 7A,B, & D).The dis-
tribution cloud diagram of screw displacement showed that the 
displacement of OPS and DPS models mainly occurred at the 
top of the two screws fixed above, the root of the screw and 
the cross-linked rod (Figure 7E & F).The displacement of the CBS 
and EPS models occurred mainly at the top of the two screws 
fixed above (Figure 7G & H).

The stress distribution cloud map of the vertebral body 
showed that the stress was mainly concentrated in the lower 
endplate and the middle column. Compared with the stress dis-
tribution transmitted to the upper endplate, the stress distribu-
tion in the upper endplate of the OPS, DPS, and EPS models was 
dispersed (Figure 8A,B, & D), and the stress distribution in the 
upper endplate of the cortical bone trajectory screw model was 
concentrated (Figure 8C). The distribution cloud map of verte-
bral body displacement showed that vertebral body displace-
ment occurred at the upper endplate (Figure 8E,F,G & H).

The Comparison of Stress and Displacement of Internal Fix-
ation System in Mild osteoporosis

In mild osteoporosis group (cortical bone 75%, cancellous 
bone 65%), the maximum stresses of OPS, DPS, CBS and EPS 
were 166.07 Mpa, 162.37 Mpa, 170.84 Mpa and 159.75 Mpa, 
respectively. The maximum displacements of screw rod were 
1.2064 mm, 1.1783 mm, 1.4150 mm and 1.1335 mm, respec-
tively. The maximum stresses of vertebral body were 25.71 

Mpa, 22.69 Mpa, 32.11 Mpa and 21.31 Mpa, respectively. The 
maximum vertebral displacements were 1.5488 mm, 1.5075 
mm, 1.5555 mm and 1.4538 mm, respectively. Among them, 
CBS had the highest screw rod maximum stress, maximum dis-
placement, maximum vertebral body stress, and maximum ver-
tebral body displacement, while EPS had the lowest maximum 
stress and maximum displacement, as shown in Table 6.

The stress distribution cloud diagram of the screw showed 
that the stress distribution of the screw rod of the OPS and CBS 
model was relatively concentrated, mainly concentrated in the 
roots of the two lower fixed screws and the cross-linked rod 
(Figure 9A & C).The stress distribution of the screw rod of the 
DPS model and the EPS model was relatively scattered, and the 
two screws fixed below shared part of the stress, and the stress 
distribution on the whole rod was relatively uniform (Figure 
9B & D). The distribution cloud diagram of screw displacement 
showed that the displacement of OPS, DPS, and EPS models 
mainly occurred at the top of the two screws fixed above, the 
root of the screw, and the cross-linked rod (Figure 9E,F & H). 
The displacement of the CBS model occurred mainly at the top 
of the two screws fixed above (Figure 9G).

The stress distribution cloud map of the vertebral body 
showed that the stress was mainly concentrated in the lower 
end plate and the middle column. Compared with the stress dis-
tribution transmitted to the upper end plate, the stress distribu-
tion of the upper end plate in the OPS, DPS, and EPS models was 
dispersed (Figure 10A,B, & D). Cortical bone trajectory model of 
screw end plate on the stress distribution of the concentration 
(Figure 10C). The distribution cloud map of vertebral body dis-
placement showed that vertebral body displacement occurred 
at the upper endplate (Figure 10E,F,G & H).

Figure 7: The nephogram of stress and displacement of posterior 
screws in bone fixation systems pedicle nails, A: The stress nepho-
gram of the Ordinary Pedicle Screws (OPS) model screw; B: The 
stress nephogram of the Double-threaded Pedicle Screw (DPS) 
model screw; C: The stress nephogram of the Cortical Bone track 
Screw (CBS) model screw; D: The stress nephogram of the Expan-
sive Pedicle Screw (EPS) model screw; E: The displacement cloud 
image of the Ordinary Pedicle Screws (OPS) model screw; F: The 
displacement cloud image of the Double-threaded Pedicle Screw 
(DPS) model screw; G: The displacement cloud image of the Corti-
cal Bone track Screw (CBS) model screw; H: The displacement cloud 
image of the Expansive Pedicle Screw (EPS) model screw.

Table 6: The comparison of stress and displacement of internal fixa-
tion system in mild osteoporosis.

Mild Osteoporosis OPS DPS CBS EPS

Maximum stress of nail rod (Mpa) 166.07 162.37 170.84 159.75

Maximum displacement of nail rod 
(mm)

1.2064 1.1783 1.4150 1.1335

Maximum body stress (Mpa) 25.71 22.69 32.11 21.31

Maximum vertebral displacement 
(mm)

1.5488 1.5075 1.5555 1.4538

Figure 8: The stress and displacement nephogram of the posterior 
vertebral body of the pedicle nail in bone fixation systems, A: The 
stress cloud image of the Ordinary Pedicle Screws (OPS) model 
vertebral body; B: The stress cloud image of the Double-threaded 
Pedicle Screw (DPS) model vertebral body; C: The stress cloud im-
age of the Cortical Bone track Screw (CBS) model vertebral body; D: 
The stress cloud image of the Expansive Pedicle Screw (EPS) model 
vertebral body; E: The displacement cloud image of the Ordinary 
Pedicle Screws (OPS) model vertebral body; F: The displacement 
cloud image of the Double-threaded Pedicle Screw (DPS) model 
vertebral body; G: The displacement cloud image of the Cortical 
Bone track Screw (CBS) model vertebral body; H: The displacement 
cloud image of the Expansive Pedicle Screw (EPS) model vertebral 
body.

Table 7: The comparison of stress and displacement of internal fixa-
tion system in severe osteoporosis.

Severe Osteoporosis OPS DPS CBS EPS

Maximum stress of nail rod (Mpa) 165.21 161.58 170.82 153.56

Maximum displacement of nail rod 
(mm)

1.2944 1.2639 1.5148 1.2207

Maximum body stress (Mpa) 24.27 20.63 30.81 20.05

Maximum vertebral displacement 
(mm)

1.6612 1.6161 1.6625 1.5641
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Figure 9: The nephogram of stress and displacement of posterior 
screws in mild osteoporosis pedicle nails, A: The stress nephogram 
of the Ordinary Pedicle Screws (OPS) model screw; B: The stress 
nephogram of the Double-threaded Pedicle Screw (DPS) model 
screw; C: The stress nephogram of the Cortical Bone track Screw 
(CBS) model screw; D: The stress nephogram of the Expansive Ped-
icle Screw (EPS) model screw; E: The displacement cloud image of 
the Ordinary Pedicle Screws (OPS) model screw; F: The displace-
ment cloud image of the Double-threaded Pedicle Screw (DPS) 
model screw; G: The displacement cloud image of the Cortical Bone 
track Screw (CBS) model screw; H: The displacement cloud image of 
the Expansive Pedicle Screw (EPS) model screw.

Figure 10: The stress and displacement nephogram of the posterior 
vertebral body of the pedicle nail in mild osteoporosis, A: The stress 
cloud image of the Ordinary Pedicle Screws (OPS) model vertebral 
body; B: The stress cloud image of the Double-threaded Pedicle 
Screw (DPS) model vertebral body; C: The stress cloud image of the 
Cortical Bone track Screw (CBS) model vertebral body; D: The stress 
cloud image of the Expansive Pedicle Screw (EPS) model vertebral 
body; E: The displacement cloud image of the Ordinary Pedicle 
Screws (OPS) model vertebral body; F: The displacement cloud im-
age of the Double-threaded Pedicle Screw (DPS) model vertebral 
body; G: The displacement cloud image of the Cortical Bone track 
Screw (CBS) model vertebral body; H: The displacement cloud im-
age of the Expansive Pedicle Screw (EPS) model vertebral body.

Figure 11: The nephogram of stress and displacement of poste-
rior screws in in severe osteoporosis pedicle nails, A: The stress 
nephogram of the Ordinary Pedicle Screws (OPS) model screw; B: 
The stress nephogram of the Double-threaded Pedicle Screw (DPS) 
model screw; C: The stress nephogram of the Cortical Bone track 
Screw (CBS) model screw; D: The stress nephogram of the Expan-
sive Pedicle Screw (EPS) model screw; E: The displacement cloud 
image of the Ordinary Pedicle Screws (OPS) model screw; F: The 
displacement cloud image of the Double-threaded Pedicle Screw 
(DPS) model screw; G: The displacement cloud image of the Corti-
cal Bone track Screw (CBS) model screw; H: The displacement cloud 
image of the Expansive Pedicle Screw (EPS) model screw.

The Comparison of Stress and Displacement of Internal Fix-
ation System in Severe Osteoporosis

In severe osteoporotic bone (65% cortical bone, 35% cancel-
lous bone), the maximum stresses of OPS, DPS, CBS, and EPS 
were 165.21 Mpa, 161.58 Mpa, 170.82 Mpa, and 153.56 Mpa, 
respectively. The maximum displacements of screw rod were 
1.2944 mm, 1.2639 mm, 1.4150 mm and 1.2207mm, respec-
tively. The maximum vertebral stresses were 24.27 Mpa, 20.63 
Mpa, 30.81 Mpa and 20.05 Mpa, respectively. The maximum 
vertebral displacements were 1.6612 mm, 1.6161 mm, 1.6625 
mm and 1.5641 mm, respectively. Among them, CBS had the 
highest screw rod maximum stress, maximum displacement, 
maximum vertebral body stress, and maximum vertebral body 
displacement, while EPS had the lowest maximum stress and 
maximum displacement, as shown in Table 7.

The stress distribution cloud diagram of the screw showed 
that the stress distribution of the screw rod of the OPS and CBS 
model was relatively concentrated, mainly concentrated in the 
roots of the two lower fixed screws and the cross-linked rod 
(Figure 11A & C). The stress distribution of the screw rod of the 
DPS model and EPS model was relatively scattered, and the two 
screws fixed below shared part of the stress, and the stress dis-
tribution on the whole rod was relatively uniform (Figure 11B 
& D). The distribution cloud diagram of screw displacement 
showed that the displacement of OPS, DPS, and EPS models 
mainly occurred at the top of the two screws fixed above, the 
root of the screw, and the cross-linked rod (Figure 11E,F & H). 
The displacement of the CBS model occurred mainly at the top 
of the two screws fixed above (Figure 11G).

The stress distribution nephogram of the vertebral body 
showed that the stress in the vertebral body of the OPS, DPS, 
and CBS models were mainly concentrated in the lower end 
plate and the middle column (Figure 12A,B, & C). The stress of 
the vertebral body in the EPS model was mainly concentrated 
in the middle column (Figure 12D). Compared with the stress 
distribution transferred to the upper endplate, the stress distri-
bution in the upper endplate of the OPS model, DPS model, and 
EPS model was the most dispersed (Figure 12B & D). The stress 
distribution in the upper endplate of the OPS model was scat-
tered (Figure 12A). The stress distribution in the upper endplate 
was concentrated in the CBS model (Figure 12C). The distribu-
tion cloud map of vertebral body displacement showed that 
vertebral body displacement occurred at the upper endplate 
(Figure 12E,F,G & H).

Conclusion

In this study, we compared the mechanical differences among 
the OPS, DPS, CBS, and EPS models through finite element sim-
ulation mechanical analysis. The results showed that in the nor-
mal bone model (cortical bone 100%, cancellous bone 100%), 
the stress distribution of the EPS model was more dispersed, 
and the maximum stress and displacement of the screws and 
vertebral body were smaller than those of other screw mod-
els, indicating that the risk of fracture of the EPS model was 
lower than that of other screw models. In the reduced bone 
(cortical 85%, cancellous 85%) models, DPS and EPS models, 
the stress distribution of internal fixation was scattered, but the 
EPS model had the lowest maximum stress and displacement 
of screws and vertebral body. In the mild osteoporosis models 
(cortical 75%, cancellous 65%), DPS and EPS models, the stress 
distribution of the internal fixation was dispersed, but the maxi-
mum stress and displacement of the screws in the EPS model 
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Figure 12: The stress and displacement nephogram of the poste-
rior vertebral body of the pedicle nail in severe osteoporosis, A: 
The stress cloud image of the Ordinary Pedicle Screws (OPS) model 
vertebral body; B: The stress cloud image of the Double-threaded 
Pedicle Screw (DPS) model vertebral body; C: The stress cloud im-
age of the Cortical Bone track Screw (CBS) model vertebral body; D: 
The stress cloud image of the Expansive Pedicle Screw (EPS) model 
vertebral body; E: The displacement cloud image of the Ordinary 
Pedicle Screws (OPS) model vertebral body; F: The displacement 
cloud image of the Double-threaded Pedicle Screw (DPS) model 
vertebral body; G: The displacement cloud image of the Cortical 
Bone track Screw (CBS) model vertebral body; H: The displacement 
cloud image of the Expansive Pedicle Screw (EPS) model vertebral 
body.

were smaller. In the severe osteoporosis model (65% cortical 
and 35% cancellous), DPS and EPS models, the stress distribu-
tion of the internal fixation was dispersed, but the maximum 
stress of the screws and the displacement of the vertebral body 
were smaller in the EPS model. Therefore, the spine stability of 
EPS model internal fixation system is stronger in osteoporosis 
treatment. Through the study and comparison, we believe that 
the EPS model has obvious mechanical advantages over others, 
making the spine more stable and the stress more dispersed. 
This may be related to the diameter of the screw, the design of 
the screw (cylindrical and conical), and the method of pedicle 
screw placement.

It has been shown that an increase in screw diameter of 
1mm and an increase in screw length can significantly increase 
the screw insertion torque [9,10]. When the screw diameter 
increased by 0.5mm, the screw length increased by 5mm, and 
the screw length and diameter increased by 5mm and 0.5mm, 
the pull-out force increased by 15%, 33% and 49%, respectively 
[11,12]. However, some studies have shown that increasing the 
diameter and length of screws has limited effect on the fixation 
of augmented screws in osteoporotic vertebral bodies. The ef-
fect of increasing screw diameter and length on fixation strength 
was studied on human cadaver lumbar specimens of OP and 
non-OP. The results showed that increasing screw length could 
effectively improve fixation stiffness when the screw cross-sec-
tional area was more than 70% of the pedicle cross-sectional 
area in non-OP specimens, and increasing screw diameter could 
effectively improve fixation stiffness when the insertion depth 
was more than 80% of the vertebral body. In the OP group, 
increasing the screw diameter or length had no significant ef-
fect on increasing the fixation stiffness [13,14]. In osteoporosis 
patients with BMD<0.7g/cm2, the incidence of pedicle fracture 
was 41.2% when screw diameter exceeded 70% of the pedicle 
cross-sectional area [15,16].

The comparative study of biomechanical stability of cylindri-
cal screws and conical screws is still controversial. Experiments 
on human cadaveric spinal specimens show that conical screws 
can increase the driving torque, while cylindrical screws have no 
such effect, but there is no difference in axial pulling strength 
between them [17. When the pedicle screws were inserted in-

wardly, the conical screws could significantly increase the ex-
traction force and mechanical strength of the fixing system, and 
this enhancement effect was more obvious when the two pedi-
cle screws were inserted inwardly to form a triangular structure. 
Compared with cylindrical screws, conical screws can effectively 
improve both bending strength and pulling force [18,19]. EPS is 
a new type of pedicle screw design, which can expand the front 
end of the screw and make the front end of the screw larger 
[20]. In vitro biomechanical tests on fresh calf lumbar vertebrae 
showed that EPS had significant differences in maximum extru-
sions moment (Tmax), maximum axial withdrawal force (Fmax) 
and maximum axial withdrawal force after revision compared 
with the three control screws (USS, Tenor, CDH screws) [21].

The inaccurate insertion point and poor placement of screws 
during the operation may cause the strength of the fixing sys-
tem to decrease or fail. As for intraoperative positioning, a 
large number of anatomical studies have been conducted by 
domestic and foreign scholars. The classical literature suggests 
that the insertion point of pedicle screws should be the inter-
section of the middle line of the facet joint and the bisecting 
line of the transverse process. The researchers proposed that 
the apex of the lumbar spine with the "herringbone ridge" is 
located at or near the center of the pedicle, and is not affected 
by factors such as articular process hyperplasia or transverse 
process fracture [22]. Clinical application has proved that nail 
placement is more accurate, and it is the most commonly used 
method in lumbar pedicle screw surgery. Therefore, we believe 
that the spinal stability and stress distribution caused by pedicle 
screw placement in the spine are closely related to the screw 
diameter, screw design (column and cone), and the method of 
pedicle screw placement. In a short, the results of finite ele-
ment analysis show that the expandable pedicle screw internal 
fixation system may have mechanical advantages over the tra-
ditional internal fixation system in the treatment of vertebral 
fractures caused by osteoporosis, and it can provide sufficient 
mechanical stability at the fracture end, which is worthy of fur-
ther promotion and application.
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