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Abstract: Lower cervical spine injuries often manifest as lower cervical vertebral fractures 

and dislocations, as well as lower cervical facet joint dislocations. Especially in cases of 

bilateral facet joint dislocations, it is important to rapidly and effectively relieve spinal cord 

and nerve root compression to prevent secondary spinal cord injury, while also providing 

reliable and long-lasting stability to the injured segment after surgery. Combined anterior and 

posterior approaches have the advantages of both pure anterior or posterior approaches, but the 

actual situation is complex and variable, making systematic theoretical analysis crucial. This 

study, with bilateral facet joint dislocation of the C6 segment and cervical spinal cord injury as 

the research background, established a three-dimensional model of the cervical spine C3-C7 

after implementing four types of anterior-posterior combined surgeries. The four surgical 

approaches consist of four combinations: anterior parallel or inclined screw placement 

combined with posterior Margel or Anderson method screw insertion. Through finite element 

method, a systematic comparative analysis of the theoretical effects of the four combined 

surgeries in treating bilateral facet joint dislocation of the cervical spine was conducted. The 

conclusion was that the variations in the four combined fixation methods have a certain impact 

on the biomechanical characteristics of the intervertebral disc nucleus. There is a clear mutual 

influence relationship among anterior and posterior fixation instruments. Based on the model 

used in this study, it is recommended to use a torque greater than 2.1 nm to tighten the locking 

nut of the posterior rod to ensure reliable internal fixation. 

Keywords: Bilateral facet joint dislocation; finite element analysis; combined anterior-

posterior fixation surgery; biomechanics 

1. Introduction 

Lower cervical spine injuries are the most common type of cervical spine injuries 

and often manifest as lower cervical vertebral fractures and dislocations, including 

facet dislocations. The treatment principles for facet dislocation of the lower cervical 

spine involve restoring the normal structure of the cervical spine, relieving spinal cord 

and nerve root compression, promoting neurological recovery, preventing secondary 

spinal cord injury, and achieving reliable and long-lasting stability in the injured 

segment [1–9]. 

Treatment options for bilateral facet joint dislocation in the lower cervical spine 

include closed cranial traction, external fixation, anterior-only fixation, posterior-only 

fixation, or combined anterior-posterior fixation surgery. However, the choice of 

treatment approach remains a contentious issue in the academic field [10–13]. 
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Some scholars have evaluated the clinical outcomes of anterior approach surgery 

for reduction, decompression, and fixation of lower cervical vertebral fractures and 

dislocations. They have observed significant improvements in intervertebral disc 

height and cervical lordosis Cobb angle postoperatively. However, for some ASIA 

grade A or B patients, functional recovery is not satisfactory [14–16]. 

Other researchers have studied the effects and influencing factors of anterior plate 

fixation for cervical dislocation. The results suggest that this method can improve 

cervical function and promote joint reduction, but surgical time, postoperative Cobb 

angle, and complications are risk factors affecting the incidence of postoperative 

complications [17,18]. 

There have also been studies on different surgical approaches for the treatment 

of lower cervical vertebral fractures and dislocations combined with spinal cord injury. 

The results show that surgical treatment can significantly promote the recovery of 

spinal cord function. The outcomes of various surgical approaches are similar, with 

anterior approach surgery demonstrating advantages in terms of surgical time and 

blood loss compared to posterior approach or combined anterior-posterior approach. 

However, these studies lack a systematic analysis from a biomechanical and 

theoretical perspective [19–21]. 

Some scholars have compared the efficacy of two different surgical approaches, 

namely anterior decompression reduction and fixation surgery, for the treatment of 

cervical vertebral fractures and dislocations combined with spinal cord injury. They 

concluded that anterior decompression reduction and fixation surgery significantly 

improves vertebral function and has a high level of safety. However, due to small 

sample sizes, further validation is required. 

Considering the possibility of failure in anterior approach surgery, some authors 

suggest performing posterior approach surgery directly or adding posterior approach 

reduction or fixation after anterior approach surgery. They believe that compared to 

anterior approach surgery, posterior approach surgery can directly release the facets, 

allowing for easier reduction, and the fixation with pedicle screws provides better 

biomechanical stability [22–24]. 

However, simple posterior surgery has its obvious disadvantages. For example, 

soft tissues such as spinal cord ventral protrusion of intervertebral disc cannot be 

removed before reduction. The selection of surgical approach also depends on many 

other factors. Whether there is concomitant traumatic intervertebral disc protrusion, 

whether closed reduction is successful, etc. 

Some scholars also believe that simple anterior or posterior surgery may result in 

failure to achieve reduction, inability to relieve compression after reduction, and 

unreliable fixation. They summarize through relevant experiments and believe that the 

combined approach of anterior and posterior surgery is a more definitive surgical 

option for maintaining cervical stability after fracture or dislocation. And the 

combined approach is more recommended for bilateral dislocation or complete relief 

of spinal cord nerve root compression or further damage [25–30]. 

Although the combined approach surgery combines the advantages of simple 

anterior or posterior surgery, the actual situation of vertebral displacement and cervical 

spinal cord injury is often complex and variable. The biomechanical impact of internal 

fixation systems on the cervical spine needs to be quantitatively and visually studied. 
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The systematic theoretical analysis of anterior-posterior internal fixation surgery for 

the cervical spine is particularly critical [31–35]. 

Based on the research of the above scholars, this article intends to establish a C3-

C7 cervical spine model, with bilateral facet joint dislocation of the C6 segment and 

cervical spinal cord injury as the research background. Through finite element 

analysis, a systematic analysis of the theoretical effect of anterior-posterior combined 

surgery for the treatment of bilateral facet joint dislocation of the cervical spine will 

be conducted, providing a theoretical basis for the clinical treatment of bilateral facet 

joint dislocation of the lower cervical spine. 

2. Materials and methods 

2.1. Establishment of three-dimensional models for anterior and 

posterior cervical internal fixation procedures 

A specific model and parameters of a cervical anterior internal fixation kit were 

selected based on a medical device parameter in Table 1. The cervical internal fixation 

instrument is suitable for cervical instability and slippage. 

Table 1. The parameters for anterior cervical internal fixation. 

Device name Type Length (mm) Parameter 1 (mm) Parameter 2 (mm) 

Anterior cervical titanium plate type I 11.111.01-053 53 Width 18 Thickness 2.1 

Anterior cervical screw 11.111.02-616 16 Diameter 4 - 

The posterior cervical internal fixation instrument model was also based on a 

specific model and parameters of a cervical anterior internal fixation kit in Table 2. 

Table 2. The parameters for posterior cervical internal fixation. 

Device name Type Length (mm) Diameter (mm) 

Cancellous Multi Axial Screws 50603512 12 Width 3.5 

Rod 50690000 80 3.5 

Set Screw 50694000 - 6 

Combination scheme designs were performed using two different screw insertion 

methods for the anterior approach and two different screw insertion methods for the 

posterior approach, as shown in Table 3. Scheme A utilizes a parallel anterior 

approach with the Magerl method for the posterior approach. Scheme B utilizes a 

parallel anterior approach with the Anderson method for the posterior approach. 

Scheme C utilizes an oblique anterior approach with the Magerl method for the 

posterior approach. And Scheme D utilizes an oblique anterior approach with the 

Anderson method for the posterior approach. 

The horizontal placement of anterior cervical plate scheme is one of the methods 

being studied in order to simulate the theoretical anterior horizontal screw placement 

in anterior cervical internal fixation surgery. On the other hand, the oblique anterior 

screw placement is used to replicate the actual clinical cervical injury or lesion 

conditions during the surgery process, where complete horizontal screw placement 
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cannot always be guaranteed due to various factors. In this study, based on multiple 

uncertain clinical factors, an angled screw placement scheme was devised as shown in 

Figure 1. Specifically, S1 screw is inserted with an upward inclination of 10 degrees 

and an outward inclination of 5 degrees. S2 screw is inserted with an upward 

inclination of 10 degrees. S3 screw is inserted with a downward inclination of 10 

degrees and an inward inclination of 5 degrees. S4 screw is inserted with a downward 

inclination of 10 degrees. 

Table 3. The theoretical combination schemes for the anterior and posterior approaches. 

Approach 

method 
Nailing mode 

Combined operation scheme 

A B C D 

Parallel Anterior cervical approach with the ideal parallel angle. ◎ ◎   

Oblique Anterior cervical approach considering actual circumstances, as shown in Figure 1.   ◎ ◎ 

Magerl Inward by 2–3 mm from center, oblique outward by 30 degrees, depth 13.8 mm–16 mm [36–38]. ◎  ◎  

Anderson 
Inward by 1 mm from the center, oblique outward by 10 degrees, upward by 30–40 degrees, 
depth 16 mm–18 mm [39]. 

 ◎  ◎ 

 

Figure 1. Angle plan for oblique placement of anterior approach nails. 

According to the specific parameters provided in Tables 1 and 2, the solid models 

of each component were drawn using Solidworks 3D modeling software. The titanium 

plate model retains the anatomical arc-shaped design features of the original 

instrument, which allows for a more realistic simulation of the interaction between the 

postoperative internal fixation system and the anterior cervical approach. Following 

the surgical grouping scheme described in Table 3, the internal fixation components 

of each group were assembled. The three-dimensional model of the anteriorly tilted 

nail is shown in Figure 1 after its establishment. Based on the CT scan data of a normal 

person, the C3-C7 cervical spine surface envelope model was extracted using Mimics 

software. It was then imported into Solidworks software, where the surfaces of each 

vertebral body and intervertebral disc were processed in detail, completing the surface 

detail optimization and closure processing of the cervical spine model. A three-

dimensional solid model of the C3-C7 cervical spine was established through 

solidification operations. The established internal fixation assembly model was 

assembled with the cervical spine model according to the assembly relationship, nail 

insertion position, and angle. After all assembly relationships were fully constrained, 

all nail holes in the vertebral bodies were drilled using part feature editing. Using a 
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similar modeling method, the three-dimensional solid models of the cervical spine 

after surgery were sequentially established for four surgical schemes, as shown in 

Figure 2. 

  
(a) (b) 

  
(c) (d) 

Figure 2. The model after decompression and fusion surgery in the anterior approach. (a) scheme A; (b) scheme B; 

(c) scheme C; (d) scheme D. 

2.2. Finite element model establishment of anterior and posterior internal 

fixation surgery 

The C3-C7 three-dimensional solid model was imported into the finite element 

software Abaqus. Through the 2D/3D meshing function, the model was divided and 

meshed, generating a total of 1,273,731 meshes. The imported model retained the 

assembly relationship between the vertebral bodies and the internal fixation. The 

materials and property parameters of the cervical spine and internal fixation system 

are listed in Table 4. Among them, the cortical bone of the vertebral body is defined 

as a two-dimensional surface mesh, while the rest of the components are three-

dimensional solid homogeneous tetrahedral meshes. 

Table 4. Material properties used in the cervical spine model. 

Material type 
Elastic modulus 

(Mpa) 
Poisson’s ratio Mesh type 

Cortical bone 12,000 0.29 S3 

Cancellous bone 100 0.29 C3D4 

End plate 500 0.4 C3D4 

Annulus fibrosus 3.4 0.4 C3D4 

Nucleus pulposus 1 0.49 C3D4 

Cartilage 10.4 0.4 C3D4 

Titanium plate, screw, titanium 

rod (titanium alloy) 
114,000 0.35 C3D4 
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This research model includes multiple interacting relationships, including the 

upper and lower endplates of the vertebral bodies with the intervertebral discs, the 

upper and lower articular processes of the vertebral bodies, the internal fixation screws 

with the vertebral bodies, and the intervertebral discs between all internal fixation 

instruments. These relationships are simulated by setting interaction constraints to 

achieve relevant connections. The establishment of the interaction model is 

accomplished by selecting the action areas and setting the action properties, as shown 

in Figure 4a. The interaction properties in the model include small sliding contact, 

binding action, and coupling action. 

To more accurately replicate the biomechanical effects and mobility of the 

cervical spine, a finite element model incorporated an equivalent modeling of 

ligaments. Ligaments were defined in the finite element model of the C3-C7 segments, 

including the anterior longitudinal ligament, posterior longitudinal ligament, 

ligamentum flavum, interspinous ligament, and capsular ligament. As ligaments are 

fibrous tissues that can only withstand tensile loads under loading conditions, linear 

elements with tension-only characteristics were used. Corresponding reference points 

were placed on the anterior and posterior sides of the vertebral bodies, between 

adjacent vertebral plates, and at the ends of each spinous process. These reference 

points were coupled with ligament nodes in their respective regions through motion 

coupling. Connector elements were selected to connect the attachment regions of the 

ligaments represented by the reference points. Material properties were assigned based 

on the load-deformation curves, with material plasticity and failure regions ignored. 

The load-deformation curves of various ligaments in the lower cervical spine after 

fitting are shown in Figure 3 [40–43]. Based on this curve data, a comprehensive 

ligament model of the cervical spine was established, as depicted in Figure 4b. 

The interactions between the upper and lower endplates of vertebral bodies, upper 

and lower articular facets, fixation screws and vertebral bodies, as well as between the 

disc and vertebral bodies, were simulated by setting interaction constraints, as shown 

in Figure 4a. A comprehensive ligament model of the cervical spine was established 

as shown in Figure 4b. 

  
(a) (b) 

Figure 3. Curve of ligament deformation under load. (a) Ligament mechanical properties from C3-C5; (b) Ligament 

mechanical properties from C5-C7. 

According to the motion data of the cervical spine in normal adults, a gravity load 

of 73.6 N was applied to the surface of the C3 vertebral body, along with a 1 nm 

bending moment with each motion axis as the rotation center to simulate flexion, 

extension, lateral bending, and rotation movements. The lower surface of the C7 
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vertebral body was completely constrained to simulate the relative motion between C7 

and the following segments, resulting in a complete load model as shown in Figure 4c. 

  
(a) (b) 

 
(c) 

Figure 4. Finite element model after anterior decompression and fusion surgery. (a) interaction model; (b) ligament 

definition; (c) load and boundary. 

3. Result 

3.1. Postoperative mobility of the hybrid anterior-posterior approach in 

anterior cervical fixation 

3.1.1. Finite element model validation 

According to the previous research in this paper, the established finite element 

model of the C3-C7 segment of the normal human cervical spine was solved and 

analyzed. The range of motion (ROM) values of the intervertebral motion at the C3-

C7 level were obtained based on the rotational displacement results, and compared 

with the experimental results [43,44]. And as shown in Figure 5. 

 

Figure 5. Comparison of intervertebral motion ROM (°) at 1 nm load on the cervical 

spine. 
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The mobility of the established cervical spine finite element model is within the 

normal range of deviations. The C3-C7 cervical spine finite element model has been 

validated effectively. 

3.1.2. Postoperative mobility of the hybrid anterior-posterior approach 

The finite element results of the displacement of the C5-C6 segment in the hybrid 

anterior-posterior approach are shown in Figure 6. The maximum flexion 

displacement of the cervical spine is approximately 26.7 mm, and the maximum axial 

rotation displacement is approximately 27.4 mm. It can be seen from Figure c that the 

intervertebral motion at the C5-C6 segment is basically zero under all cervical spine 

motions. In addition, there are some changes in the intervertebral motion of the other 

segments compared to the normal cervical spine model. Under lateral bending motion, 

the intervertebral motion at the C3-C4 segment is reduced due to the influence of the 

C5-C6 segment fusion, while the C4-C5 segment shows little change. The 

intervertebral motion of the C6-C7 segment changes relatively little under various 

conditions. 

  
(a) (b) 

 
(c) 

Figure 6. Nephogram of cervical displacement and results of intervertebral motion after combined anterior-posterior 

internal fixation. (a) flexion and extension; (b) rotation; (c) cervical intervertebral motion after combined operation. 

3.2. Stress results of four types of combined anterior and posterior 

internal fixation models at levels 5-C6 

The adjacent segment C4-C5 nucleus pulposus stress conditions are shown in 

Figure 7 with the C5-C6 segment as the target for internal fixation. From the figure, 
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it can be seen that the equivalent stress distribution of the nucleus pulposus in the C4-

C5 segment is basically the same for the four anterior-posterior approaches under 

various cervical spine motion conditions. During flexion and extension movements, 

the nucleus pulposus is mainly stressed on the anterior and posterior sides of the 

cervical spine. During lateral bending, there is obvious local stress release on the 

opposite side of the cervical spine movement direction. However, the stress 

distribution of the nucleus pulposus differs during axial rotation of the cervical spine 

compared to the previous movements. Regardless of left or right rotation, there is 

obvious local edge stress on the anterior side of the cervical spine, and the opposite 

side also shows significant local stress release, depending on the specific direction of 

the axial rotation. 

 

Figure 7. Equivalent stress nephogram of C4-C5 nucleus pulposus after combined 

internal fixation. 

From the figure, it can be observed that the maximum equivalent stress of this 

intervertebral disc occurs during cervical flexion and axial rotation. Specifically, 

during flexion, both Scheme A and B have a maximum value of approximately 1.14 

MPa, with an average value of 0.36 MPa. Scheme C and D have a maximum value of 

approximately 1.16 MPa. During left rotation, Scheme A and B have a maximum 

value of approximately 1.15 MPa, slightly lower than the stress values of Scheme C 

and D under the same conditions. During right rotation, Scheme A to D have 

equivalent stress values of approximately 1.10 MPa. The smaller equivalent stress of 

the nucleus pulposus occurs during cervical lateral bending. Specifically, during right-

sided bending, Scheme A and B have a maximum equivalent stress value of 

approximately 0.73 MPa, slightly lower than Scheme C and D’s 0.75 MPa under the 

same conditions. In this condition, the average stress distribution of the four methods 

is around 0.18 MPa. During left-sided bending, the maximum equivalent stress for all 

four methods is approximately 0.93 MPa, which is an average increase of 39.4% 

compared to the maximum stress value during right-sided bending. Scheme A has 

slightly higher nucleus pulposus stress than the other three methods, with a maximum 

value of 0.95 MPa and an average stress of approximately 0.24 MPa. The minimum 

equivalent stress of the C4-C5 nucleus pulposus occurs during cervical extension. The 

equivalent stress values for Scheme A to D are all around 0.13 MPa, a reduction of 

approximately 63.89% compared to the corresponding values during flexion. During 
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extension, the average stress values of the nucleus pulposus for all methods are 

approximately 0.06 MPa, a reduction of approximately 83.3% compared to the 

corresponding values during flexion. 

The stress conditions of the adjacent segment C6-C7 nucleus pulposus are shown 

in Figure 8. From the figure, it can be seen that the equivalent stress distribution of 

the C6-C7 nucleus pulposus is also similar for the four anterior-posterior approaches 

under various cervical spine motion conditions. During cervical flexion and extension, 

this nucleus pulposus is mainly stressed in the central region. During lateral bending, 

there is noticeable stress concentration on the same side as the cervical spine 

movement direction. During axial rotation of the cervical spine, there is also 

significant local stress release on the opposite side of the nucleus pulposus, depending 

on the specific direction of the axial rotation. 

 

Figure 8. C6-C7 equivalent stress nephogram of nucleus pulposus after combined 

internal fixation. 

As shown in the figure, the maximum equivalent stress value of the nucleus 

pulposus of the C6-C7 intervertebral disc occurs during cervical flexion, with 

maximum values for Scheme A-D around 0.67 MPa and an average value of 0.16 

MPa. Under left rotation, the maximum stress values for all methods are around 0.48 

MPa, slightly lower than those under flexion, with a reduction of about 28.4%. The 

average stress value is 0.17 MPa, slightly higher than that under flexion. Under right 

rotation, the equivalent stress of Scheme A-D is around 0.55 MPa, slightly larger than 

that under left rotation and about 17.9% smaller than that under flexion. The smallest 

equivalent stress of the nucleus pulposus in the C6-C7 intervertebral disc is consistent 

with the situation in C4-C5, where it occurs during cervical extension. The equivalent 

stress of Scheme A-D is around 0.16 MPa, about 76.1% lower than the corresponding 

value under flexion. The average stress is about 0.08 MPa, 50% lower than that under 

flexion. 

It can be seen from the Figure 9 that the stress distribution of the screw is strongly 

related to cervical movement, and the stress concentration area will change with the 

change of working conditions. During flexion, the stress concentration area of all four 

methods is at the threaded position of the C6 fixed screw, specifically at the 1/2 

position near the screw head, showing an elliptical stress diffusion distribution. During 
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cervical extension, there is an obvious edge stress concentration phenomenon at the 

screw head position of the C5 fixed screw, which is mainly due to the axial traction 

and transverse shear caused by the limited position and bolt pre-tension force between 

the titanium plate and the upper and lower fixed screws during extension. During 

lateral flexion, a stress concentration phenomenon also occurs at the screw head 

position of the C5 fixed screw. The specific position of this working condition is 

directly affected by the direction of lateral flexion, with stress concentrated on the 

right screw head when the left side is flexed, and vice versa. During axial rotation, the 

stress distribution of the front screw of the four methods is directly related to the 

direction of rotation. Under left rotation, the stress is mainly concentrated on the left 

fixed screw of C6, while under right rotation, it is concentrated on the screw head of 

the right side. 

 

Figure 9. Equivalent stress nephograph of C5-C6 anterior internal fixation screw. 

Figure 10 shows the stress curve of the front screw of the four methods after 

anterior-posterior combined internal fixation surgery. It can be seen from the figure 

that the maximum stress curve of the front screw is basically the same for all four 

methods. During lateral flexion, the maximum stress value of the front screw is 

significantly higher than that under other motion conditions. Under left lateral flexion, 

the maximum stress value of Scheme D reaches 127.7 MPa, about 132% higher than 

the corresponding values of the other three methods. Under right lateral flexion, the 

maximum stress of Scheme D is 70.2 MPa, about 15.4% higher than that of Scheme 

C. During cervical axial rotation, the maximum stress value of the front screw of the 

four methods is slightly smaller than that of lateral flexion, with a reduction of about 

49.6% for Scheme 4 under left rotation compared to left lateral flexion. The situation 

is slightly lower under right rotation than under left rotation. Under flexion, the 

maximum stress situation is similar to that of axial rotation. The smaller stress 

situation of Scheme A–D occurs during cervical extension. The maximum stress 

values of Scheme A–C are around 31.5 MPa, about 47.3% lower than the value of 

Scheme D under the same working condition. 

The bar chart in the figure shows the average equivalent stress of the anterior 

cervical screw during four different methods of cervical movements. It can be 

observed that the distribution trend of the stress values is consistent with the maximum 

stress situation. It is particularly noticeable that the average stress of Scheme D is the 
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same as the maximum stress, and it is higher than the other three methods in all 

conditions. The highest average stress occurs in the left movement, with a stress value 

of 10.9 MPa, while the lowest stress occurs in the extension movement, with a stress 

value of 4.4 MPa. Scheme C has slightly higher average stress than Scheme A and B 

in lateral bending movement. The average stress values of the other conditions are 

similar for all three methods. 

 
Figure 10. Stress values of the anterior screws of the four methods. 

As shown in Figure 11, the stress distribution of the posterior screws is also 

related to the cervical movements. During flexion movement, the stress concentration 

areas of all four methods are at the connection between the two fixed screws on the 

right side. During cervical extension movement, stress concentration areas exist in the 

connection positions of all four posterior screws (Scheme A to D). During cervical 

lateral bending movement, the specific stress concentration positions are directly 

influenced by the bending direction. When bending to the left, the stress concentration 

occurs at the left screw connection, and when bending to the right, it occurs in the 

corresponding right area. The distribution pattern during axial rotation movement is 

similar to that during extension movement. Stress concentration areas exist in the 

screw-head connection positions of all four posterior screws. The stress is transmitted 

from the root of the thread to the outer end and gradually diminishes. 

 
Figure 11. Equivalent stress nephograph of C5-C6 posterior internal fixation screw. 
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Figure 12 shows the stress curves of the posterior screws after combined anterior 

and posterior fixation using the four methods. It can be observed that the maximum 

stress curves of the posterior screws are similar for all four methods, with Scheme A 

and C having high degree of overlap and Scheme B and D having high degree of 

overlap. Unlike the anterior approach, the maximum stress condition occurs during 

axial rotation movement. Under left rotation, the maximum equivalent stress values 

for Scheme A and C are 46 MPa and 44.8 MPa, respectively, which are similar to the 

stress values during right rotation. Under this movement, the maximum stress values 

for Scheme B and D are approximately 40 MPa, which is an average reduction of 

11.1% compared to Scheme A and C. For right rotation, the maximum stress values 

for Scheme B and D are reduced by approximately 7.5% compared to left rotation. 

The maximum stress values for the four methods show a decreasing trend from right 

to left, and from extension to flexion. Under right rotation movement, the maximum 

stress values for Scheme A and C are approximately 31.4 MPa, which is an increase 

of about 83.6% compared to their flexion movement stress of 17.1 MPa. The 

maximum stress values for Scheme B and D are approximately 25 MPa, which is an 

increase of about 33.7% compared to their flexion movement stress of 18.7 MPa. 

 
Figure 12. Stress values of the four methods of the posterior screw. 

The bar chart in Figure 12 shows that the distribution of the average stress values 

is consistent with the maximum stress situation and gradually decreases from right to 

left. The average stress values of the four methods in the same cervical movement are 

also consistent with their maximum stress situation. For example, during left rotation 

movement, the average stress values for Scheme A and C are 2.4 MPa, which is 

slightly larger by 26.3% compared to the corresponding values for Scheme B and D. 

4. Discussion 

4.1. Analysis of the biomechanical effects of four combined internal 

fixation methods 

Figure 13 shows the stress distribution curves of adjacent intervertebral disc 

nuclei under different combined internal fixation methods. From Figure 13a, it can be 

seen that changes in the anterior and posterior approaches have a certain degree of 
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fluctuation effect on the biomechanics of the C4-C5 disc nucleus. Firstly, when the 

posterior approach uses the Margel method for nail insertion and the anterior approach 

replaces parallel nail placement with oblique nail placement (Scheme A–C), the 

maximum stress on the nucleus increases by about 0.035 MPa, mainly during cervical 

lateral bending. It can also be observed that in this case, the stress decreases during 

leftward bending and increases during rightward bending. Secondly, when the 

posterior approach uses the Anderson method for nail insertion and the anterior 

approach replaces parallel nail placement with oblique nail placement (Scheme B–D), 

the maximum stress on the nucleus increases by about 0.024 MPa, mainly during 

cervical lateral bending. It can also be observed that the change from horizontal nail 

placement to oblique nail placement leads to an increase in stress during leftward 

bending and a decrease in stress during rightward bending. Similarly, when the 

anterior approach uses parallel nail insertion and the posterior approach is replaced by 

the Margel method (Scheme A–B), there is no significant fluctuation in the maximum 

stress on the C4-C5 disc nucleus; likewise, when the anterior approach uses oblique 

nail insertion and the posterior approach changes (Scheme C–D), there is no 

significant change in the maximum stress on the C4-C5 disc nucleus. 

  
(a) (b) 

Figure 13. Comparison of maximum stress curves of C5-C6 intervertebral discs. (a) stress range curve of C4-C5 

intervertebral disc nucleus pulposus; (b) stress range curve of the nucleus pulposus of the intervertebral disc. 

From Figure 13b, it can be seen that the combination of different combined 

internal fixation methods has a relatively small effect on the biomechanical 

characteristics of the C6-C7 disc nucleus. When the posterior approach uses the 

Margel method for nail insertion and the anterior approach replaces parallel nail 

placement with oblique nail placement (Scheme A–C), the maximum stress on the 

nucleus increases by about 0.006 MPa, mainly during rightward bending. The 

variation in other anterior and posterior nail placement methods did not have a 

significant effect on the biomechanics of the C6-C7 disc nucleus. 

Zeng Hongsheng’s team analyzed the effectiveness and safety of anterior-

posterior combined surgeries for treating cervical spine fractures. Employing anterior-

posterior combined surgeries for cervical spine fractures notably enhances surgical 

efficacy. Among 26 patients, postoperative spinal cord neurologic function improved 

to a certain extent in 22 cases, with no significant changes observed in 4 cases. During 

a 16-month follow-up postoperatively, pain scores and cervical disability function 
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scores significantly decreased compared to preoperative levels in 30 patients, while 

orthopedic neurologic function scores significantly improved. However, six patients 

experienced complications, with an occurrence rate of 20.0%. They showed 

improvement after symptomatic intervention [45]. Baohui Yang and his team have a 

research on Anterior-Posterior Approach for Treatment of Ankylosing Spondylitis 

with Obvious Displaced Lower Cervical Spine Fractures and Dislocations. They 

confirm that the combined approach has demonstrated advantages such as good 

stabilization, satisfied fracture healing, and easy postoperative cares. However, the 

difficulty and risk of this approach should be considered. Attention should be paid to 

the prevention of perioperative complications [46]. 

It is evident that the impact of postoperative complications on adjacent segments 

cannot be overlooked when employing the combined approach surgery. The results of 

this study indicate that, when the anterior approach changes from parallel to inclined 

placement of screws, there is a noticeable increase in the maximum stress on the C4-

C5 nucleus pulposus, particularly during cervical spine lateral bending movements. 

However, variations in the combined anterior-posterior screw placement do not 

significantly affect the biomechanics of the C6-C7 nucleus pulposus. These theoretical 

findings can serve as a reference for the selection of surgical approaches for clinical 

patients. Additionally, they are beneficial in reducing the likelihood of postoperative 

complications in patients undergoing anterior-posterior combined procedures. 

4.2. Analysis of the interaction between anterior and posterior internal 

fixation 

4.2.1. Analysis of the influence of the anterior nail placement method on 

posterior internal fixation 

To better describe the degree of mutual influence, this section introduces the 

influence ratio coefficient T. T is the ratio of the difference between the maximum 

stress values of the two schemes and their arithmetic mean. The specific calculation 

results are shown in Figure 14. 

Figure 14a represents the curve of the maximum stress impact of two different 

posterior screw insertion methods resulting from changes in the anterior screw 

placement method. Figure 14b represents the curve of the maximum stress impact of 

posterior screw insertion method changes when the anterior screw placement is 

parallel or tilted. Figure 14c represents the curve of the maximum stress impact of 

titanium rods resulting from changes in the anterior screw placement method for two 

different posterior screw insertion methods. Figure 14d represents the curve of the 

maximum stress impact of titanium rods resulting from changes in the posterior screw 

insertion method when the anterior screw placement is parallel or tilted. 

In Figure 14a, it can be seen that changes in the anterior screw placement method 

have a relatively small impact on the maximum stress value of the posterior screws, 

with impact coefficients mostly below 0.05. Among them, the Margel method is 

slightly more affected by the anterior screw placement changes compared to the 

Anderson method. The Margel method is most affected during right rotation of the 

neck, followed by left-side movement. On the other hand, the Anderson method is 

most affected during neck extension, followed by left-side movement. 
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Figure 14b represents the degree of influence on the posterior internal fixation 

system when the posterior screw insertion method changes based on whether the 

anterior screw placement is parallel or tilted. Firstly, it can be seen from the figure that 

the two impact coefficient curves have similar values. This indicates that regardless of 

whether the anterior fixation is parallel or tilted, the stress impact of the posterior 

internal fixation mainly depends on the posterior screw insertion method. This 

influence is quite significant, with the maximum impact coefficient appearing during 

right-side neck movement, at around 0.25. The impact coefficient for extension 

movement is slightly lower, at about 0.2. The smallest impact occurs during left-side 

movement, with a coefficient as low as 0.04. The average impact coefficient for both 

cases is around 0.15. 

Figure 14c shows that changes in the anterior screw placement method have a 

relatively small influence on the maximum stress value of the posteriorly connected 

titanium rods, with impact coefficients mostly below 0.035. The average impact 

coefficient for the Anderson method is 0.02, slightly higher than the Margel method. 

In Figure 14d, similar to the case of the posterior screws, the stress impact on the 

posteriorly connected titanium rods mainly depends on the posterior screw insertion 

method. The situation with the highest impact occurs during neck flexion movement, 

with an impact coefficient of about 0.083. The impact coefficient tends towards 0 

during axial rotation movement. The average impact coefficient for both cases is 

around 0.04. 

  
(a) (b) 

  
(c) (d) 

Figure 14. Coefficient of influence of posterior internal fixation system. (a) posterior Screw Maximum Stress Impact 

Curve I; (b) posterior Screw Maximum Stress Impact Curve II; (c) posterior Titanium Rod Maximum Stress Impact 

Curve I; (d) posterior Titanium Rod Maximum Stress Impact Curve II. 
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4.2.2. Analysis of the impact of posterior screw insertion methods on anterior 

internal fixation 

Figure 15a represents when the Margel or Anderson method is used to insert the 

screws in the posterior route, changes in the front pin placement have the maximum 

stress impact curve on the screw. Figure 15b represents when there are changes to the 

posterior route screw insertion methods, there are different stress impact curves for the 

two front pin placement methods on the screw. Figure 15c represents when the Margel 

or Anderson method is used to insert the screws in the posterior route, changes in the 

front pin placement have the maximum stress impact curve on the titanium plate. 

Figure 15d represents when there are changes to the posterior route screw insertion 

methods, there are different stress impact curves for the two front pin placement 

methods on the titanium plate. 

From Figure 15a, it can be observed that when the posterior screw insertion 

method is Margel, the impact of changes in the anterior screw placement method on 

the anterior internal fixation screws is significantly smaller compared to when the 

posterior screw insertion method is Anderson. The latter has a maximum impact 

coefficient of around 0.82, occurring during left-side neck movement. Its minimum 

value also exceeds 0.25, occurring during left rotation of the neck. When the posterior 

screw insertion method is Anderson, the average impact coefficient for the anterior 

internal fixation system with parallel or tilted screw placement is approximately 0.49. 

The maximum impact coefficient is only about 0.2, occurring during right-side 

cervical movement. The minimum impact coefficient tends towards 0. The average 

impact coefficient is around 0.1. 

From Figure 15b, with different posterior screw insertion methods, there will be 

a certain degree of impact on the maximum stress of the anterior internal fixation 

system for some work conditions with parallel or tilted screw placement. Moreover, 

the influence trend on the maximum stress of the two anterior screw insertion methods 

under different cervical movements is basically the same. Among them, when the neck 

rotates to the left, the maximum stress impact on the anterior internal fixation screws 

with parallel screw placement is more significant when the posterior screw insertion 

method is either Margel or Anderson. The impact coefficient is about 0.15. Under the 

same conditions, the stress impact on the anterior screw with tilted placement is also 

maximized, with an impact coefficient of about 0.29. The impact coefficient for 

flexion-extension movement tends towards 0 for both cases. In addition, the average 

impact coefficients for the parallel and tilted screw placement in the anterior internal 

fixation screws affected by the posterior screw insertion methods are 0.03 and 0.12, 

respectively. 

As shown in Figure 15c, whether the posterior screw insertion method is Margel 

or Anderson, the stress impact on the anterior plate mainly depends on the anterior 

screw placement method. The maximum impact occurs during extension and left-side 

movement of the neck, with a value of about 0.2. The average impact coefficients for 

both cases are around 0.1. From Figure 15d, it can be seen that changes in the posterior 

screw insertion method have a very small impact on the stress of the anterior plate for 

both anterior screw placement methods. The maximum value of the impact coefficient 

is 0.024, appearing respectively in the left rotation movement of the neck for the 
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parallel placement of the front pins and the forward bending movement for the tilted 

placement of the pins. The average impact coefficient for these two situations tends 

towards 0.01 and has almost no effect. 

Ram Kumar studied the treatment of cervical degenerative diseases using anterior 

cervical discectomy and fusion. The results indicated that the stress on Ti screws 

ranged from 84 MPa to 121 MPa, which is significantly below their yield stress. The 

study employed an internal fixation method, and the stress results were not compared 

with relevant approaches for entry route fixation [47]. Duan Y’s team compared the 

postoperative stress levels of three internal fixation techniques. The results indicated 

that, with the pedicle screw technique and lateral mass screw technique, there was a 

concentration of high stress at the screw-cap screw-rod interface. The Trans articular 

Screw (TS) technique caused significant stress differences compared to cervical 

posterior fixation techniques, mainly manifesting in higher stress levels on the fixation 

device. The study results elucidate the postoperative scenarios of three different 

single-entry surgeries. For clinically complex or specific cervical injuries, it is 

advisable to consider theoretical comparative analyses when contemplating combined 

surgical approaches [48]. 

  
(a) (b) 

  
(c) (d) 

Figure 15. The coefficient of the influence degree of the front internal fixation system. (a) anterior Screw Maximum 

Stress Impact Curve I; (b) anterior Screw Maximum Stress Impact Curve II; (c) anterior Titanium Rod Maximum 

Stress Impact Curve I; (d) anterior Titanium Rod Maximum Stress Impact Curve II. 



Molecular & Cellular Biomechanics 2024, 21, 133.  

19 

Kim GU compared the clinical, radiological, and surgical outcomes of combined 

approach versus solely posterior approach surgeries. Analyzing 63 patients with 

cervical myelopathy, the combined approach group exhibited significantly lower 

posterior neck pain intensity compared to the solely posterior approach group. The rate 

of screw loosening and implant-related issues in the solely posterior approach group 

was approximately 40% higher than in the combined approach group. For cervical 

myelopathy, anterior-posterior cervical fusion yields superior clinical and radiological 

outcomes compared to posterior fusion alone. However, further in-depth theoretical 

analysis of the systematic aspects of anterior-posterior fusion surgeries is still needed 

[49]. 

The stress levels of various combined approach surgical internal fixation devices 

have been detailed in the results section of this article. Through a thorough 

comparative discussion, this study has further elucidated the mutual impact of anterior 

and posterior approaches on the stress of the instrumentation. Changes in the front pin 

insertion method have relatively little impact on the maximum stress values of the 

posterior route screws and connecting titanium rods. The main factor depends on the 

posterior route screw insertion method, and the maximum impact coefficient reaches 

0.25, appearing in the right rotation movement of the neck. When the Margel method 

is used to insert screws in the posterior route, changes in the front pin placement have 

a significantly smaller impact on the stress of the screw in the front internal fixation 

system than when the Anderson method is used in the posterior route. The latter has a 

maximum impact coefficient of 0.82, appearing in the left rotation movement of the 

neck. As the posterior route insertion method changes, it will have a certain degree of 

impact on the maximum stress of the front internal fixation system in the partially 

employed work conditions of the parallel or tilted pin placement. The latter’s 

maximum affected coefficient is 0.29, occurring in the left rotation movement. The 

stress impact on the front connecting titanium plate mainly depends on the front pin 

insertion method. Its maximum affected value is 0.2. Changes in the posterior route 

screw insertion method have little effect on it. 

4.2.3. Analyses of the critical torque of the posterior route internal fixation 

locking nut 

Kim GU compared the clinical, radiological, and surgical outcomes of combined 

approaches with solely posterior approaches. An analysis of 63 patients with cervical 

myelopathy revealed significantly lower levels of posterior neck pain intensity in the 

combined approach group compared to the solely posterior approach group. In the 

solely posterior approach group, the incidence of screw loosening and implant-related 

issues reached 60%. This figure was 21% in the combined anterior-posterior approach 

group [49].The study by Coe JD demonstrated that in patients undergoing posterior 

cervical interbody fusion surgery, less than 1% experienced instrumentation 

complications such as screw or rod protrusion, screw or plate breakage, and screw 

loosening [50].The clinical study by Tomoaki Shimizu on posterior cervical fusion 

surgery revealed that out of 94 surgical cases involving the clinical utility of 

paravertebral foramen screws, three cases experienced screw loosening [51]. 

From this perspective, further in-depth research is needed on theoretical analyses 

related to the stability of internal fixation systems. This study aims to calibrate the 
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minimum torque of posterior locking nuts by combining biomechanical interactions 

with the interactions between anterior and posterior instrumentation. The equivalent 

stress cloud maps related to the four combined internal fixation methods were obtained 

by finite element model calculations for 6 cervical movements. The mean value of the 

dangerous cross-sectional stress of the locking nut used for limiting and fastening the 

posterior route titanium rod is shown in Table 5. The stress value of the dangerous 

cross-section of the nut under different working conditions is basically distributed in 

the range of 19 Mpa–25 Mpa. By converting the bolt cross-sectional pressure into a 

load and considering the safety factor of the actual working conditions, the minimum 

preload required for the nut under the action of each cervical movement was 

calculated. Its value is basically distributed between 1100 N–1500 N. 

Table 5. Dangerous section stress and minimum preload of set screw. 

 Scheme Flexion Extension Left Bend Right Bend Left Rotation Right Rotation 

Stress value of dangerous 
section/Mpa 

A 21.2 25.3 23.2 20.8 25.5 18.6 

B 23.1 26.6 24.6 19.9 26.1 19.0 

C 21.9 25.9 23.7 20.9 26.2 19.1 

D 23.8 27.5 25.0 20.3 26.8 19.4 

Minimum preload/N 

A 1307.2 1560.3 1431.0 1283.2 1570.8 1144.1 

B 1422.4 1640.4 1512.3 1227.8 1605.9 1172.4 

C 1346.6 1592.3 1458.7 1288.8 1614.5 1177.9 

D 1464.9 1691.5 1541.8 1249.4 1648.4 1192.1 

The calculation formula for bolt preload force and tightening torque is shown. 

 

F0 is the bolt preload force, d is the thread diameter, D is the outer diameter of 

the annular support surface, φ is the thread angle, ψν is the equivalent friction angle, 

and fc is the friction coefficient between the nut and the support surface. The results of 

the tightening torque calculation for the nut are shown in Figure 16, which shows the 

stress cross-section of the traditional titanium plate split line. 
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Figure 16. Stress cross section of traditional titanium plate. 

It can be seen from the Figure 16 that the minimum critical torque distribution 

trends of the locking nuts for the posterior route for the four combined surgical 

methods are basically the same under the six cervical movement conditions. Among 

them, the required torque reaches the maximum in the left rotation and extension 

movements, with a value of about 2.1 nm. The minimum torque is 1.4 nm for the right 

rotation movement. In summary, for the internal fixation situation of the four 

combined anterior-posterior route surgeries studied in this article, it is recommended 

to use a torque of at least 2.1 nm to tighten the locking nut of the posterior route 

titanium rod. 

5. Conclusion 

This article established a finite element model after C3-C7 anterior and posterior 

combined surgery and completed relevant validation and calculation result analysis. It 

drew conclusions on the biomechanics of adjacent segment intervertebral disc nuclei 

and the mutual influence of stresses on anterior and posterior internal fixation devices. 

In terms of biomechanics, when the angle of the anterior fixation nail insertion is 

tilted, it significantly increases the maximum stress on the C4-C5 disc nucleus. 

However, it does not have a significant impact on the biomechanics of the C6-C7 disc 

nucleus. In clinical practice, it is theoretically preferable to maintain horizontal nail 

insertion. At the same time, it is necessary to pay attention to the degeneration of 

adjacent segment intervertebral disc nuclei and other symptoms in patients after 

surgery. 

In terms of internal fixation devices, changes in the anterior nail insertion method 

have a minimal effect on the stress on the posterior screws and connecting titanium 

rods. Compared to the Margel method, the Anderson method has a greater impact on 

the stress on the anterior fixation screws. In clinical practice, while selecting a 

combined surgical plan based on the patient’s lesions, the interaction between the 

anterior and posterior internal fixation systems should not be overlooked. This helps 

improve the overall stability and service life of the internal fixation system. 

Additionally, in the four combined anterior and posterior surgery scenarios studied in 
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this article, applying a torque of at least 2.1 nm to lock the nuts of the posterior titanium 

rods can effectively ensure the stability of the internal fixation system. 
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