
Page 1/14

A comparison of monoaxial and polyaxial pedicle
screws in thoracolumbar fracture
Wenye Yao 

First A�liated Hospital of Nanchang University
Runsheng Guo 

First A�liated Hospital of Nanchang University
Qi Lai 

First A�liated Hospital of Nanchang University
Banglin Xie 

First A�liated Hospital of Nanchang University
Zhi Yi 

First A�liated Hospital of Nanchang University
Xiaowei Yang 

First A�liated Hospital of Nanchang University
Changjian Wu 

First A�liated Hospital of Nanchang University
Yu Lang 

First A�liated Hospital of Nanchang University
Bin Zhang  (  acker11@126.com )

First A�liated Hospital of Nanchang University https://orcid.org/0000-0002-5876-1238

Research article

Keywords: monoaxial pedicle screws, polyaxial pedicle screws, thoracolumbar fracture, fracture level
pedicle screw

Posted Date: January 23rd, 2020

DOI: https://doi.org/10.21203/rs.2.21690/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.2.21690/v1
mailto:acker11@126.com
https://orcid.org/0000-0002-5876-1238
https://doi.org/10.21203/rs.2.21690/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/14

Abstract
Purpose: To evaluate the use of short-segment posterior �xation with monoaxial and polyaxial pedicle
screws in thoracolumbar fractures

Methods: All patients who underwent short-segment posterior �xation with monoaxial pedicle screws or
polyaxial pedicle screws in the injured vertebra of a thoracolumbar fracture (T12-L2) in our hospital
between June 2012 and December 2018 were categorised into two groups: monoaxial pedicle screws
group (group A) and polyaxial pedicle screws group (group B). We compared the Thoracolumbar Injury
Severity Score (TLISS), American Spinal Injury Association (ASIA) score, the fracture level,
Arbeitsgemeinschaft für Osteosynthesefragen (AO) classi�cation, hospital stay, injury-to-operation
interval, and associated injuries between the two groups. In addition, the prevertebral height ratio, the
injured vertebra Cobb angle, and the injured vertebral endplate centre ratio were measured preoperatively,
postoperatively, and at the �nal follow-up.

Results: There were 63 patients (21 males and 42 females) with an average age of 44.7 years. Compared
with group B, the injury vertebral endplate centre ratio signi�cantly increased postoperatively and at the
�nal follow-up (P<0.05) in group A.

Conclusion: Short-segment posterior �xation with monoaxial or polyaxial pedicle screws via the
fracture level for thoracolumbar fracture can achieve kyphosis correction, reduce sagittal alignment
correction failure, and maintain anterior vertebral height. The insertion of monoaxial pedicle screws at the
fracture level after thoracolumbar vertebral fracture has a �ick up effect on the central vertebral body of
the injured vertebrae, which is bene�cial to the recovery of the vertebral endplate.

Introduction
Spine fractures are common, accounting for about 14% of all fractures [1], and the thoracolumbar spine
is reportedly the most common site of spinal fractures due to trauma, accounting for 60–70% of spine
fractures [2, 3]. Thoracolumbar fractures can cause an unstable spine leading to pain, motion disability,
and even full paralysis [4]. Posterior pedicle screw �xation, to maintain the stability of the spine and avoid
further nerve damage, has been popular globally [5]. Posterior pedicle screws can be inserted in either the
fractured vertebra itself or the adjacent vertebrae. Many orthopaedic specialists believe that it is better to
insert pedicle screws at the level of the fracture because the reinforcement of �xation can help to improve
kyphosis correction and biomechanical stability. Inserting monoaxial or polyaxial pedicle screws at the
level of vertebral fractures, as well as segmental �xation of burst fractures, improves biomechanical
stability. [6, 7] In addition, several studies have shown that enhanced fracture-grade screws can improve
the biomechanical stability of the construct [8–11], and some authors [7, 12, 13] have also suggested that
pedicle screw �xation combined with an intermediate screw in the fractured vertebra improves
biomechanical stability with better reduction, less loss of correction, fewer instrument failures, and
comparable or better clinical outcomes. However, it has not yet been ascertained whether inserting a
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monoaxial or polyaxial pedicle screw at a vertebral fracture yields better clinical results. Our study,
therefore, compared the e�cacy of inserting a monoaxial or polyaxial pedicle screw at a vertebral
fracture, aiming to provide a reference for the clinical options for thoracolumbar fractures.

Materials And Methods
General information

This retrospective study included patients who underwent short-segment posterior �xation with
monoaxial or polyaxial pedicle screws in the injured vertebra of a thoracolumbar fracture and removal of
the internal �xation in our hospital between June 2012 and December 2018. Of these patients, 42 were
male and 21 were female, with an average age of 44.7 years. The patients’ thoracolumbar injury
classi�cation and severity scale (TLICS) [14] scores were 5–7 points and their American Spinal Injury
Association (ASIA) [15] scores were C–E on �rst admission. According to the type of pedicle screw
insertion at the vertebral fracture, the patients were categorised into two groups: group A had monoaxial
pedicle screws, and group B, polyaxial pedicle screws. The fractures were classi�ed according to
Arbeitsgemeinschaft für Osteosynthesefragen (AO) [16] Spine Classi�cation.

Inclusion and exclusion criteria

The enrolment criteria were as follows: (1) thoracolumbar single segmental fracture; (2) short-segment
posterior �xation with monoaxial or polyaxial pedicle screw via the injured vertebra; (3) patient
information is complete, imaging data is complete and fracture healing, pedicle screw removal. Patients
with signi�cant osteoporosis, endocrine system disease, vertebral tumour, tuberculosis, ankylosing
spondylitis, and other destructive vertebral structural diseases were excluded from the study.

Clinical observation indicators and e�cacy evaluation

Perioperative parameters: Injury-to-operation interval (days), associated injury, and hospital stay (days)
on �rst admission.

Imaging parameters X-rays of the ortho and lateral positions of the spine were taken preoperatively, three
days postoperatively, and on removal of internal �xation. Measurements taken include the height of the
leading edge of the vertebral body adjacent to the injured vertebra and that of the injured vertebra, the
height of the centre of the injured endplate and injured vertebra, the Cobb angle, and the vertebral
changes for the two internal �xation methods between three days postoperatively and when the internal
�xation device was removed. We also assessed whether the internal �xation fractured or loosened.

Measurement and calculation of prevertebral height ratio (Figure 1)

The sum of the heights of the leading edges of the vertebral bodies above and below the injured vertebra
was compared with twice the height of the leading edge of the injured vertebra.

http://xueshu.baidu.com/usercenter/paper/show?paperid=3b1c018db7a389e26e7f0f84766dace2&site=xueshu_se
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Measurement and calculation of injured vertebral endplate centre ratio (Figure 2)

The sum of the heights of the upper and lower endplates of the injured vertebrae was compared with
twice the height of the centre of the injured endplate.

Measurement and calculation of kyphosis of the injured vertebrae (Figure 3)

The angle between the upper endplate of the injured vertebra and the extension of the lower endplate of
the injured vertebra.

Statistical methods

The statistical software SPSS 20 was used to analyse the data of the monoaxial and polyaxial pedicle
screw groups preoperatively, three days postoperatively, and at the removal of internal �xation. The
measurement data were expressed as mean ± standard deviation (x ± s). Data between groups were
compared using an independent sample t-test. P<0.05 was considered statistically signi�cant.

Results
General information
There were 33 patients in group A (24 males and nine females), and 30 patients in group B (18 males and
12 females). X2 test analysis (P > 0.05) revealed no signi�cant intergroup differences in terms of. In
addition, there were no signi�cant differences in hospital stay, injury-to-operation interval, and associated
injuries between the two groups (P > 0.05) (Table 1).
AO Classi�cation and Fracture level
Of the 33 patients in group A, there were ten cases of A1 type, two cases of A2 type, and 12 cases of A3
type. There were six cases of B1 type and three cases of B2 type. The fracture sites were T12 in two
cases, L1 in 17 cases and L2 in 14 cases. Of the 30 cases in group B, the fractures were classi�ed into six
cases of A1 type, four cases of A2 type, nine cases of A3 type, six cases of B1 type, and �ve cases of B2
type. The fracture sites were zero cases of T12, 21 cases were L1, and nine cases were L2. According to
the X2 test analysis, p > 0.05; therefore, there were no statistically signi�cant differences (Table 1).
TLISS Score
In the Thoracolumbar Injury Severity Score (TLISS) group, in group B, 17 people scored �ve points, nine
people scored six points, and seven people scored seven points. In group A, 16 people scored �ve points,
11 people scored six points, and three people scored seven points. According to the X2 test analysis, p > 
0.05; there were no statistically signi�cant differences (Table 1).
ASIA Score
In the ASIA score group, there were seven people evaluated as C, 17 evaluated as D, and nine evaluated as
E in group A; and there were three people evaluated as C, 16 evaluated as D, and 11 evaluated as E in
group B. According to the X2 test analysis, p > 0.05; therefore, there were no statistically signi�cant
differences (Table 1).
Radiographic data
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The radiographic data from surgery shows that the prevertebral height ratio and the injured vertebra Cobb
angle between the two groups were not signi�cantly different in preoperative, postoperative (three days
after surgery), and �nal follow-up (removal of internal �xation) evaluated by t-test analysis (P > 0.05). In
addition, the injured vertebral endplate centre ratios between the two groups were not signi�cantly
different preoperatively (P > 0.05). However, the injured vertebral endplate centre ratio between the two
groups were signi�cantly different in the postoperative and �nal follow-up checks (P < 0.05) (Table 2).

Discussion
Research has con�rmed the bene�cial therapeutic effect of short-segment posterior �xation with pedicle
screws in the injured vertebra as treatment for thoracolumbar fractures [6–13]. Biomechanically, the
screws at the fracture level function as a push point with an anterior vector, creating a "lordorizing" force
that restores the anterior vertebral height and corrects the kyphosis [17]. Some clinical studies have
shown that inserting monoaxial or polyaxial pedicle screws at the fracture level could achieve better
kyphosis correction, less sagittal alignment correction failure, and better maintenance of anterior
vertebral height [7,8,10,12,18]. Short-segment posterior �xation can be achieved by the insertion of either
a monoaxial or a polyaxial pedicle screw into the injured vertebra; however, no studies have compared the
e�cacy of the two options.

Our retrospective study shows that both options markedly improved the outcome of patients
postoperatively. This was re�ected in considerable improvements whether analysed according to sex,
age, fracture injury classi�cation, fracture site, TLISS score, ASIA Score, AO classi�cation, hospital stay,
injury-to-operation interval, or associated injury after treatment. However, no statistically signi�cant
differences were observed between the two groups(p > 0.05. These results support the proposition that
inserting either a monoaxial or polyaxial pedicle screw in the injured vertebra is an effective surgical
treatment.

In our study, we measured and calculated the prevertebral height ratio, injured vertebral endplate centre
ratio, and the kyphosis of the injured vertebrae. As shown in Table 2, the prevertebral height ratio and the
kyphosis of the injured vertebrae postoperatively and at the �nal follow-up were greatly improved. This
con�rms that inserting a monoaxial or polyaxial pedicle screw in the injured vertebra can correct the
deformity through vertebral endplate augmentation with its buttress effect (bending force) as with the
rod-sleeve method, which was until recently commonly used in spinal instrumentation [7,19–22]. No
statistically signi�cant differences were observed, however, between the two groups. The injured vertebral
endplate centre ratios in the postoperative and the �nal follow-up were greatly improved, and the
correction effect of group A was better than that of group B. In addition, signi�cant differences were
observed between the two groups (p < 0.05). Many reports [17] have proposed that the screw at the
fracture level may provide a mass effect that prevents the vertebra from collapsing. It may also help to
support the anterior column, which is vital for the stability of the construct. However, it is not clear why
there is a better correction effect in group A compared to group B.
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Polyaxial pedicle screw heads are vulnerable to fatigue failure; the region between the screw head and
shaft has been found to fail �rst in many biomechanical studies [23–25]. Further, the use of additional
intermediate monoaxial pedicle screws may result in a stiffer construct and a reduced level of von Mises
stress on the pedicle screws than on the polyaxial pedicle screw models [26]. In addition, the monoaxial
screws can slap the collapsed endplate, reset the endplate fracture, maintain the reduction, reduce the
degeneration of the intervertebral disc injury, and perhaps better maintain the stability of the spine; thus,
reducing the incidence of back pain. Furthermore, the head of the polyaxial pedicle screw is movable and
cannot support the injured vertebral body. The monoaxial pedicle screws inserted at the fracture level
showed higher stability in �exion and extension than the similarly placed polyaxial pedicle screws [27].
Moreover, in the operation(as shown in Fig. 4), we selected the midpoint of the transverse process on both
sides of the injured vertebral body and the intersection of the anterior line of the superior articular process
as the needle point. We then placed two locating needles, and kept them at an angle of about 30 degrees
to the sagittal plane, the positioning needle, and the cross-section form an angle; the vertebral bodies
above and below the injured vertebrae are in the direction of the traditional needle insertion, and the
sagittal plane is formed at an angle of about 15 degrees, so that the positioning needle is parallel to the
cross-section; The vertebral pedicle screw installed in the manner of needle insertion can support the sling
and the role of the vertebral endplate. Thus, our results provided a reference for the treatment of
thoracolumbar fractures with severe vertebral endplate damage using invasive intermediate monoaxial
pedicle screw �xation.

This study has many limitations. First, the number of patients included in the study was small, and this
was a retrospective study. Second, a selection bias may exist because this study included patients
referred to our teaching hospitals. Third, it is necessary to discuss several factors including different
patient conditions, the variability in bone density, muscle forces, vertebral size, the length and diameter of
pedicle screws, and the degree of joint degeneration of the body.

In conclusion, based on our results, short-segment posterior �xation with monoaxial or polyaxial pedicle
screws at the fracture level of a thoracolumbar fracture achieved kyphosis correction, reduced sagittal
alignment correction failure, and maintained anterior vertebral height. We found short-segment posterior
�xation with monoaxial pedicle screws at the fracture level of a thoracolumbar fracture to be better than
polyaxial pedicle screws in improving the height of the centre of the injured endplate. After a
thoracolumbar vertebral fracture, the insertion of a monoaxial pedicle screws at the fracture level has a
�ick up effect on the central vertebral body of the injured vertebrae, which is bene�cial to the recovery of
the vertebral endplate.

Abbreviations
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American Spinal Injury Association;



Page 7/14

AO
Arbeitsgemeinschaft für Osteosynthesefragen;

Declarations
Acknowledgements

No acknowledgement.

 

Authors’ contributions

WY and RG made the same contribution in this article,WY and RG performed all the experiments and
wrote the manuscript. QL,BX,ZY,XY and CW participated in the collection of experimental data. BZ guided
the entire process of the experiment. YLconceived and designed the study. All authors have read and
approved the �nal manuscript.

 

Funding 

This research received funding from the National Natural Science Foundation of China (grant no.
81860405).

 

Availability of data and materials

All data generated or analyzed during this study are included in this published article.

 

Ethics approval and consent to participate

Our study has been approved by the Ethics committee of The First A�liated Hospital of Nanchang
University.

 

Consent for publication

Consent for publication was obtained from all participants.

 



Page 8/14

Competing interests

The authors declare that they have no competing interests.

References
[1].Samelson E J , Hannan M T , Zhang Y , et al. Incidence and Risk Factors for Vertebral Fracture in
Women and Men: 25-Year Follow-Up Results From the Population-Based Framingham Study[J]. Journal
of Bone and Mineral Research, 2006, 21(8):1207-1214.

[2]. Tian Y, Zhu Y, Yin B et al. Age- and gender-speci�c clinical characteristics of acute adult spine
fractures in China. Int Orthop, 2016, 40(2):347–353.

[3]. Siebenga J , Leferink V J M , Segers M J M , et al. Treatment of Traumatic Thoracolumbar Spine
Fractures: A Multicenter Prospective Randomized Study of Operative Versus Nonsurgical Treatment[J].
Spine, 2006, 31(25):2881-2890.

[4]. Denis F. The three column spine and its signi�cance in the classi�cation of acute thoracolumbar
spinal injuries. Spine, 1983, 8(8):817–831.

[5]. Sasso RC, Renkens K, Hanson D, Reilly T, McGuire RA Jr, Best NM. Unstable Thoracolumbar Burst
Fractures: anterior-only versus short-segment posterior �xation. J Spinal Disord Tech, 2006, 19(4):242–
248.

[6]. Anekstein Y, Brosh T Mirovsky Y. Intermediate Screws in Short Segment Pedicular Fixation for
Thoracic and Lumbar Fractures: A Biomechanical Study. J Spinal Disord Tech , 2007, 20(1):72–77.

[7]. Mahar A, Kim C, Wedemeyer M et al. Short-segment �xation of lumbar burst fractures using pedicle
�xation at the level of the fracture.Spine,2007, 32(14):1503–1507.

[8]. Baaj AA, Reyes PM, Yaqoobi AS et al. Biomechanical advantage of the index-level pedicle screw in
unstable thoracolumbar junction fractures. Journal of neurosurgery. Spine, 2011, SPI 14(2):192–197.

[9]. Bolesta MJ, Caron T, Chinthakunta SR, Vazifeh PN, Kalil S. Pedicle screw instrumentation of
thoracolumbar burst fractures: Biomechanical evaluation of screw con�guration with pedicle screws at
the level of the fracture. Int J Spine Surg , 2012, 6(1):200–205.

[10]. Norton RP, Milne EL, Kaimrajh DN, Eismont FJ, Latta LL, Williams SK. Biomechanical analysis of
four- versus six-screw constructs for short-segment pedicle screw and rod instrumentation of unstable
thoracolumbar fractures. The Spine Journal , 2014, 14(8):1734–1739.

[11]. Wang H, Li C, Liu T, Zhao W, Zhou Y . Biomechanical e�cacy of monoaxial or polyaxial pedicle
screw and additional screw insertion at the level of fracture, in lumbar burst fracture: An experimental
study. Indian Journal of Orthopaedics, 2012,  46(4):395–401.



Page 9/14

[12]. Farrokhi MR, Razmkon A, Maghami Z et al. Inclusion of the fracture level in short segment �xation of
thoracolumbar fractures. Eur Spine J, 2010, 19(10):1651–1656.

[13]. Gelb D, Ludwig S, Karp JE et al. Successful Treatment of Thoracolumbar Fractures with Short-
segment Pedicle Instrumentation. The Spine Journal, 2010, 23(5):293 –301.

[14].Vaccaro AR, Lehman RA Jr, Hurlbert RJ et al. A new classi�cation of thoracolumbar injuries: the
importance of injury morphology, the integrity of the posterior ligamentous complex, and neurologic
status. Spine, 2005, 30(20):2325–2333.

[15]. Marino RJ, Graves DE. Metric properties of the ASIA motor score: subscales improve correlation with
functional activities. Arch Phys Med Rehabil, 2004, 85(11):1804–1810.

[16]. Carlo B, Schroeder GD, Kepler CK et al. The AOSpine Sacral Fracture Classi�cation. Global Spine J,
2016, 6(1_suppl) s-0036-1582696-s-0036-1582696.

[17]. Ren H, Wang JX, Jiang JM. Is Short Same-Segment Fixation Really Better Than Short-Segment
Posterior Fixation in the Treatment of Thoracolumbar Fractures? Spine, 2018, 43(21):1470–1478.

18]. Park S-R, Na H-Y, Kim J-M et al. More than 5-year follow-up results of two-level and three-level
posterior �xations of thoracolumbar burst fractures with load-sharing scores of seven and eight points.
Clin Orthop Surg, 2016, 8(1):71–77.

[19]. Alanay A, Acaroglu E, Yazici M, Oznur A, Surat A. Short-segment pedicle instrumentation of
thoracolumbar burst fractures: does transpedicular intracorporeal grafting prevent early failure? Spine,
2001, 26(2):213–217.

[20]. Muller U, Berlemann U, Sledge J, Schwarzenbach O. Treatment of thoracolumbar burst fractures
without neurologic de�cit by indirect reduction and posterior instrumentation: bisegmental stabilization
with monosegmental fusion. Eur Spine J, 1999, 8(4):284–289.

[21]. Parker JW, Lane JR, Karaikovic EE, Gaines R. Successful short-segment instrumentation and fusion
for thoracolumbar spine fractures: a consecutive 41/2-year series. Spine, 2000, 25(9):1157–1170.

[22]. Cho DY, Lee WY, Sheu PC. Treatment of thoracolumbar burst fractures with polymethyl methacrylate
vertebroplasty and short segment pedicle screw �xation. Neurosurgery, 2003, 53(6):1354–1361.

[23]. Kubosch D,Kubosch E J,Gueorguiev B et al. Biomechanical investigation of a minimally invasive
posterior spine stabilization system in comparison to the Universal Spinal System (USS).[J] .BMC
Musculoskelet Disord, 2016, 17: 134.

[24]. Fogel GR, Reitman CA, Liu W, Esses SI. Physical characteristics of polyaxial-headed pedicle screws
and biomechanical comparison of load with their failure. Spine, 2003, 28(5):470–473.



Page 10/14

[25]. Stanford RE, Loe�er AH, Stanford PM, Walsh WR. Multiaxial pedicle screw designs: static and
dynamic mechanical testing. Spine, 2004, 29(4):367–375.

[26]. Wang H, Zhao Y, Mo Z et al. Comparison of short-segment monoaxial and polyaxial pedicle screw
�xation combined with intermediate screws in traumatic thoracolumbar fractures: a �nite element study
and clinical radiographic review. Clinics, 2017, 72(10):609–617.

[27]. Wang H, Li C, Liu T, Zhao WD, Zhou Y. Biomechanical e�cacy of monoaxial or polyaxial pedicle
screw and additional screw insertion at the level of fracture, in lumbar burst fracture: An experimental
study. Indian J Orthop, 2012, 46(4):395–401.

Tables
Table 1 - Patient demographic data

Characteristic                Group A(N=33)         Group B(N=30)     P value

Age(years)                     42.3 ±10.0               47.1±12.0        0.089

 Female                       9                       12              0.285

 Male                         24                      18

TLISS Score

5                           17                      16              0.429

6                           9                       11

7                           7                       3

ASIA Score

C                           7                       3               0.429

D                           17                      16

E                           9                       11

Level

T12                         2                       O               0.176

L1                          17                      21

L2                          14                      9
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AO Classification

A1                          10                      6                0.681

A2                          2                       4

A3                          12                      9

B1                          6                       6

B2                          3                       5

Hospital stay(days)              11.5±3.8                 13.7±3.9          0.117

Injury-to-operation intereval(days) 4.9±2.7                  3.5±1.9           0.216

Associated injury

 Yes                           18                     8                 0.023

 NO                           15                     22

 

 

Table 2-Radiographic data of surgery

Parameter                   Group A              Group B                P value

Prevertebral height ratio(%)*            

Preoperative               1.5±0.4                1.3±0.3                  0.063

Postoperative               1.0±0.1                1.0±0.2                  0.253

Last follow-up              1.0±0.1                1.1±0.2                  0.034

Injury vertebra Cobb angle(°)

Preoperative                19.0±10.2              18.8±4.0                0.894

Postoperative                9.0±5.2                8.4±2.1                 0.533

Last follow-up               8.3±4.5                8.7±2.2                 0.670

Injury vertebral endplate center ratio(%)*
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Preoperative                1.6±0.3                 1.5±0.2                 0.283

Postoperative                1.1±0.2                 1.4±0.2                0.001

Last follow-up               1.1±0.2                 1.4±0.2                0.001

 

Prevertebral height ratio(%)* :The sum of the heights of the leading edge of the upper and lower vertebral bodies

of the injured vertebra is compared with the height of the leading edge of the injured vertebra.

Injury vertebral endplate center ratio(%)* :The sum of the heights of the upper and lower endplates of the injured

vertebrae is compared with the height of the center of the injured endplate.

Figures

Figure 1

The sum of the heights of the leading edges of the vertebral bodies above and below the injured vertebra
was compared with twice the height of the leading edge of the injured vertebra((a+c)/2b).
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Figure 2

The sum of the heights of the upper and lower endplates of the injured vertebrae was compared with
twice the height of the centre of the injured endplate((a+c)/2b).
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Figure 3

The angle(α) between the upper endplate of the injured vertebra and the extension of the lower endplate
of the injured vertebra.

Figure 4

a:We selected the midpoint of the transverse process on both sides of the injured vertebral body and the
intersection of the anterior line of the superior articular process as the needle point. We then placed two
locating needles, and kept them at an angle of about 30 degrees to the sagittal plane, the positioning
needle, and the cross-section form an angle(α); the vertebral bodies above and below the injured vertebrae
are in the direction of the traditional needle insertion, and the sagittal plane is formed at an angle of
about 15 degrees, so that the positioning needle is parallel to the cross-section. b:The vertebral pedicle
screw installed in the manner of needle insertion. c:Use this method to place the monoaxial pedicle
screws to restore the center height of the injured vertebral endplate.


