
EDITED BY  

Luca Ambrosio,  

Campus Bio-Medico University, Italy

REVIEWED BY  

Y. M. Xi,  

The Affiliated Hospital of Qingdao University, 

China  

Hiroshi Kuroki,  

National Hospital Organization Miyazaki 

Higashi Hospital, Japan  

Filberto Budhy,  

Universitas Indonesia/Dr. Cipto 

Mangunkusumo General Hospital, Indonesia

*CORRESPONDENCE  

Haoxuan Feng  

894739203@qq.com

Shichang Liu  

f815799392@163.com

RECEIVED 17 June 2025 

ACCEPTED 16 October 2025 

PUBLISHED 04 November 2025

CITATION 

Qi H, Feng H, Li Z, Li M, Wu B, Zhang C and 

Liu S (2025) Application of bilateral crossing 

C2 laminar screws and screw placement 

assistant tools for upper cervical spine 

fixation: technology note.  

Front. Surg. 12:1648329. 

doi: 10.3389/fsurg.2025.1648329

COPYRIGHT 

© 2025 Qi, Feng, Li, Li, Wu, Zhang and Liu. 

This is an open-access article distributed 

under the terms of the Creative Commons 

Attribution License (CC BY). The use, 

distribution or reproduction in other forums is 

permitted, provided the original author(s) and 

the copyright owner(s) are credited and that 

the original publication in this journal is cited, 

in accordance with accepted academic 

practice. No use, distribution or reproduction 

is permitted which does not comply with 

these terms.

Application of bilateral crossing 
C2 laminar screws and screw 
placement assistant tools for 
upper cervical spine fixation: 
technology note

Hongfei Qi, Haoxuan Feng*, Zhong Li, Ming Li, Bo Wu,  

Chengcheng Zhang and Shichang Liu*

Honghui Hospital, Xi’an Jiaotong University, Xi’an, China

Background: Axial lamina screw placement is a new posterior cervical fixation 

technique that differs from the previously described transarticular screw 

placement and pedicle screw placement in terms of the risk of causing 

damage to the vertebral artery. However, the previously reported laminar 

screw placement technique carries the risk of causing damaging to the 

screws in the inner wall of the vertebral plate and screw protrusion into the 

spinal canal. To address this issue, our center has designed a screw 

placement assistant tool to help surgeons safely insert screws.

Methods: The medical records of 6 patients with upper cervical spine injuries 

who were admitted to Xi’an Honghui Hospital between March 2021 and 

February 2022 were retrospectively analyzed to assess the patients’ 

postoperative recovery. Self-designed screw placement assistants were used 

to insert double cortical laminar screws for posterior cervical fixation. 

Computed tomography (CT) scanning was performed to observe screw 

placement after surgery. The clinical and postoperative recovery data of the 

patients were reviewed, and the clinical efficacy of aids for bicortical screw 

placement in the axial (C2) vertebral lamina were evaluated.

Results: All patients were followed up for 9–16 months, with an average of 

11.5 months. The fractures were satisfactorily fixed and healed. No patients 

experienced wound infection, internal fixation failure, or secondary surgery. 

Postoperative CT scans showed that a total of 12 C2 bicortical lamina screws 

were implanted in 6 patients. The axial lamina screws were well positioned 

and located in the center of the axial lamina, without any deviation or 

detachment. There were also no cases in which screws penetrated the medial 

cortical bone of the lamina or protruded into the spinal canal. No patients 

experienced vertebral artery injury.

Conclusions: C2 laminar screw placement, as a technique for posterior fixation 

of the high cervical spine, can be a good choice when transarticular screw and 

pedicle screw placement are difficult. Our designed screw placement assistance 

tool can help surgeons safely and accurately insert bicortical cross screws into 

the axial vertebral lamina, avoiding screw damage to the inner wall of the lamina 

and spinal canal.
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Introduction

Upper cervical dislocation is usually caused by congenital 

malformations, trauma, tumors, in�ammation, rheumatoid 

arthritis, and other factors that lead to the loss of normal 

alignment between the atlas and axis. Upper cervical spine 

dislocation can cause severe cervical spinal cord injury or 

respiratory failure, and the complex anatomical structure of the 

upper cervical spine can be deeply localized, and surgery can be 

technically challenging and high-risk. With the development of 

imaging and the diagnostic recognition in this area, great 

progress has been made in terms of treatment methods and 

surgical techniques. Axis screws provide important stability for 

both atlantoaxial fusion and lower cervical fixation. The screws 

commonly used for C2 fixation include lateral mass screws (1), 

transarticular C1–C2 screws (2, 3), and C2 pedicle screws (4), all 

of which have the risk of damaging the vertebral artery and may 

lead to serious complications of cerebral infarction (5–7). 

Wright (8) first proposed the use of C2 laminar screws for 

posterior cervical fixation in 2004. C2 laminar screws not only 

provide strong biomechanical fixation but also avoid damaging 

vertebral arteries, and relevant clinical studies have shown good 

clinical results (9, 10).

However, some studies have shown that Wright’s proposed 

fixation technique carries the risk of C2 laminar screws 

penetrating the anterior cortex of the vertebral lamina and 

protruding into the spinal canal (9, 11). Unfortunately, this 

situation is not easily detected during intraoperative �uoroscopy 

and x-ray examination. Only after surgery CT scans can identify 

the violation of the cortical layer within the vertebral lamina 

and protruding into the spinal canal. Jea (11) proposed an 

improved technique for C2 lamina bicortical screw placement in 

2007 in which an “outlet” hole was added at the tail of the 

lamina to reduce the risk of screw protrusion into the spinal 

canal. In clinical practice, we have found that due to the 

inability to ensure that the direction of the C2 laminar screws is 

along the “outlet” hole with manual, repeated attempts may be 

necessary. During this process, there is still a risk of protruding 

into the vertebral canal, and this risk may be greater for 

inexperienced physicians.

To address this issue, our center has designed a screw 

placement assistance tool that can further improve the accuracy 

of C2 laminar screw placement and avoid screw damage to the 

vertebral artery and protrusion into the vertebral canal. This 

section aims to clarify the core objectives of our study, including 

verifying the efficacy of the application of screw insertion 

auxiliary tools in bilateral cross C2 laminar screws.

Materials and methods

The C2 laminar screw placement aid tool

The purpose of designing screw placement aids is to help 

doctors determine the direction of screw placement during 

surgery, avoid screw protrusion into the spinal canal or damage 

the anterior bone cortex. This is a C2 laminar screw auxiliary 

tool independently designed by our center and is mainly 

composed of a surveyor’s rod and 2 sleeve rods. The length of 

the surveyor’s rod can be adjusted, and when in use, the 

surveyor’s rod and sleeve rod 1 are parallel. The position marker 

at the far end of the surveyor’s rod and the center of the sleeve 

of sleeve 1 should be in a straight line. The sleeve design at the 

far end of sleeve 1 is the “inlet” position of the screw, and the 

circular position marker at the far end of sleeve 2 is the “outlet” 

position of the screw see Figure 1 for details.

Patients and clinical data

From March 2021 to February 2022, 6 patients with upper 

cervical spine injuries who required open reduction fusion 

internal fixation surgery were treated in our center, including 4 

males and 2 females. The age range was 23–47 years, with an 

average age of 35 years. The cause of injury in 6 patients was 

traffic accidents. All patients underwent x-ray and CT 

examinations before surgery and were diagnosed with odontoid 

fracture. Some patients had atlantoaxial joint dislocation or 

spinal cord injury. The detailed information is shown in Table 1.

Surgical technique

All patients underwent induction of general anesthesia, the 

head was placed on a headrest to maintain a neutral position 

between the head and cervical spine. The surgical approach 

involved a posterior median incision to expose the spinous 

process, vertebral lamina, lateral mass, and pedicle stenosis of 

C1 and C2 layer by layer. It was determined whether to expose 

the spine downward or the occipital bone upward as needed. 

Following the surgical technique introduced by Wrigt (12), a 

needle was inserted at the junction of the C2 vertebral lamina 

and spinous process. With the help of our screwplacement 

FIGURE 1 

C2 laminar screw placement aid tool.
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assistance tool, the sleeve of sleeve 1 was positioned at the ideal 

needle insertion position (entrance), and the length of sleeve 2 

was adjusted to ensure that the position marker of the 

surveyor’s rod was in the appropriate position (exit), as 

demonstrated on a 3D printed model (Figure 2A). The insertion 

point and direction were determined, and a hand drill was used 

to make an opening at the entrance to the position marker of 

the surveyor’s rod and then slowly advanced into the vertebral 

plate until it penetrated the bone cortex at the exit. After 

measurement, a 3.5 mm screw was inserted for fixation (13), 

and the opposite laminar screw was inserted again according to 

the above operation (Figures 2B,C). After the bicortical screws 

were inserted crosswise on both sides of the vertebral lamina, 

titanium rods were used to connect and lock the occipital or 

atlantoaxial screws, and bone grafting was performed if necessary.

Results

The surgical duration ranged from 1.8–2.3 h, with an average 

of 2 h. No infection occurred, and the wounds healed successfully. 

Postoperative CT scans showed that a total of 12 C2 bicortical 

lamina screws were implanted in 6 patients. The axial lamina 

screws were well positioned and located in the center of the 

axial lamina, without any deviation or detachment. There were 

also no cases in which screws penetrated the medial cortical 

bone of the lamina or protruded into the spinal canal. No 

patients experienced spinal cord nerve or vertebral artery injury 

(iatrogenic injury), and one patient with preoperative spinal 

cord injury had spinal cord function restored from Frankel D to 

Frankel E after surgery. The 6 patients in this study were 

followed up for 9–16 months, with an average of 11.5 months. 

The results showed satisfactory fracture reduction and good 

stability in all patients, and the fractures healed successfully.

Typical case

A 47-year-old male patient sustained an upper cervical spine 

injury due to a traffic accident. After x-ray and CT examinations 

were completed, the diagnosis was (1) Odontoid process fracture 

(Anderson type II), (2) Cervical spinal cord hyperextension 

injury (Frankel D), and (3) Cervical canal stenosis. Posterior 

open reduction, bone grafting, fusion, and internal fixation with 

bicortical laminar screws were planned for the odontoid process 

fracture. Below is the detailed information of the case 

(Figures 3A–F).

Discussion

In posterior fixation of the upper cervical spine, the axis 

provides an important stable foundation, and with continuous 

developments in technology, surgical methods are constantly 

improving. Early fixation methods include the Gallie technique, 

Brooks technique (14), and their improved methods, which have 

poor stability and high failure rates (15). A clinical study 

revealed that the incidence of vertebral artery injury during 

transarticular screw placement surgery is 4% (16). Pedicle screws 

TABLE 1 Data of patients who underwent C2 bicortical laminar 
screw fixation.

Age Sex Causes of 
damage

Damage characteristics

28 Female Traffic accident Type IIa odontoid process fracture, forward 

dislocation of Atlanto-axial joint

32 Male Traffic accident Type IIa odontoid process fracture, posterior 

dislocation of Atlanto-axial joint

23 Male Traffic accident Type IIa odontoid process fracture, forward 

dislocation of Atlanto-axial joint

43 Female Traffic accident Type IIa odontoid process fracture, forward 

dislocation of Atlanto-axial joint

37 Male Traffic accident Type IIIa odontoid process fracture, 

posterior dislocation of Atlanto-axial joint

47 Male Traffic accident Type IIa odontoid process fracture, cervical 

spinal cord hyperextension injury 

(Frankel D), cervical canal stenosis

aDentiform process fractures are classified according to the Anderson classification system.

FIGURE 2 

(a) demonstration of the use of a screw placement tool on a 3D model; (b,c) intraoperative placement of two bicortical screws in the axial lamina.
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also have good fixation strength and stability, but for some 

patients whose pedicles are too small, it may not be possible to 

use pedicle screws for fixation, or the risk is high (17, 18). The 

results of a cadaver study also confirmed this, with 20% of 

vertebral specimens having a pedicle diameter less than 3.5 mm 

(19). In addition, pedicle screws also pose a risk of damaging 

the vertebral artery. In 2004, Wright first proposed C2 laminar 

screw placement, which can avoid damaging the vertebral artery 

and provide strong fixation strength. However, subsequent 

studies have shown that this technique carries the risk of screws 

penetrating the inner wall of the vertebral lamina and 

protruding into the spinal canal (11). To solve this problem, our 

center has designed a screw placement assistance tool to help 

surgeons insert C2 vertebral lamina screws. Long-term 

application has revealed its good clinical effect and good 

clinical value.

The axis is different from that of other vertebrae in that its 

lamina is thicker (20), providing a prerequisite for the fixation 

of lamina screws. Compared to Magerl transarticular screws and 

pedicle screws, there is almost no risk of vertebral artery injury 

with lamina screws, and most of the procedure can be 

performed under direct vision (9). However, during the process 

of the screw entering the vertebral lamina, the surgeon cannot 

observe the depth and direction of the screw with the naked eye 

or on intraoperative �uoroscopy images because the relative 

position of the screw and the vertebral canal is difficult to 

determine through anteroposterior and lateral radiographic 

images, and there is a risk of the screw penetrating the inner 

wall of the vertebral lamina and protruding into the vertebral 

canal, causing damage to the dura mater and spinal cord (21). 

A study by Parker et al. (22) reported that the incidence of 

vertebral plate rupture caused by C2 vertebral lamina screws was 

1.3%. Previous clinical studies (23) have suggested that the 

direction of the screw path should be parallel to the 

contralateral vertebral plate plane during the drilling process, 

but this may affect the fixation strength of the screw and be 

difficult to objectively quantify. Jea (11) proposed a bicortical 

lamina screw fixation technique, which involves opening a 

window at the exit point and looking directly at the screw inlet 

and outlet points. This approach can reduce the risk of screw 

damage to the spinal canal and achieve cross fixation of two 

screws with bicortical fixation. In addition, we believe that 

FIGURE 3 

(a) preoperative cervical lateral x-ray; (b,c) preoperative cervical spine CT; (d,e) postoperative CT showing that the C2 laminar screws were in good 

position and did not protrude into the spinal canal; (f) postoperative lateral x-ray of the cervical spine.
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bicortical fixation provides greater fixation strength than 

monocortical fixation because the pedicle is surrounded by 

cortical bone. The vertebral lamina only has cortical bone in the 

front and back, while cancellous bone is present in the upper 

and lower parts. Therefore, the risk of screw displacement in the 

vertebral lamina is greater, and bicortical fixation may reduce 

this risk. Although this technology can be used to observe the 

entry and exit points of screws, the direction of screw travel 

within the vertebral lamina cannot be accurately predicted and 

judged, thereby requiring subjective judgment by the surgeon 

and potentially repeated attempts. Even if the final screw 

penetrates from the predetermined exit point, it may have 

caused damage to the inner wall of the vertebral lamina and 

spinal canal during the attempt. We can not only ensure that 

the C2 vertebral lamina screw penetrates from the 

predetermined exit point but we can also predict the direction 

of the screw will travel within the vertebral plate, thereby 

preventing the screw from damaging the inner wall of the 

vertebral plate. In our study, none of the 6 patients experienced 

any screw damage to the inner wall of the vertebral plate or 

vertebral canal.

The biomechanical results showed that the strength and 

pullout resistance of C2 laminar screws were comparable to 

those of transarticular screws and pedicle screws (12, 24). 

This means that for patients for whom C1/2 transarticular 

screw placement and pedicle screw placement are considered 

high-risk procedures, posterior fixation with C2 lamina screws 

may be a good alternative option. There were no 

intraoperative or postoperative complications in Wright’s first 

report on axial lamina screw placement, and no cases of 

cervical instability were found on �exion or extension x-ray at 

6 weeks after surgery (8). A study on the early clinical results 

of C2 lamina screw placement by Wang et al. showed that 11 

of 30 patients had screw damage to the inner wall of the 

vertebral plate. Fortunately, none of these patients had 

neurological symptoms (9). A comparative study (22) 

between C2 lamina screw placement and pedicle screw 

placement by Parker et al. showed that the incidence of 

secondary surgery due to screw loosening one year after 

surgery was 6.1%, and the incidence of surgery involving 

pedicle screws was 0%. In our study, no patients experienced 

loosening or failure of screws or secondary surgery, and all 

patients’ fractures were satisfactorily reduced and ultimately 

healed successfully.

C2 laminar screw placement does not rely on the position 

of the pedicle, lateral mass, or transverse foramen. As the 

vertebral plate is located behind the axis, the screw path of 

the laminar screw is far from the transverse foramen, so there 

is almost no risk of damaging the vertebral artery (8, 11). In 

addition, C2 laminar screws are placed under direct vision 

and do not require intraoperative �uoroscopy, thereby 

avoiding additional radiation effects on medical personnel. C2 

laminar screw placement, as a technique for posterior fixation 

of the high cervical spine, can be a good choice when 

transarticular screw placement and pedicle screw placement 

are difficult.

Conclusion

Destruction of the inner wall of the vertebral lamina or 

invasion of the vertebral canal by screws is the most common 

complication of axial vertebral lamina screw placement. Our 

designed screw placement assistance tool can help surgeons 

safely and accurately insert bicortical cross screws into the 

axial vertebral lamina, avoiding screw damage to the inner 

wall of the lamina and spinal canal. Of course, as this is a 

new design tool, more clinical studies are needed to confirm 

its effectiveness.

Data availability statement

The original contributions presented in the study are included 

in the article/Supplementary Material, further inquiries can be 

directed to the corresponding authors.

Author contributions

HQ: Writing – review & editing, Writing – original draft. ML: 

Conceptualization, Investigation, Writing – review & editing. ZL: 

Writing – review & editing, Methodology, Data curation. BW: 

Formal analysis, Project administration, Writing – review & 

editing. CZ: Writing – review & editing, Funding acquisition, 

Visualization. HF: Writing – review & editing, Supervision, 

Resources. SL: Validation, Supervision, Software, Writing – 

review & editing.

Funding

The author(s) declare that no financial support was received 

for the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 

absence of any commercial or financial relationships that could 

be construed as a potential con�ict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the 

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 

article has been generated by Frontiers with the support of 

artificial intelligence and reasonable efforts have been made to 

ensure accuracy, including review by the authors wherever 

possible. If you identify any issues, please contact us.

Qi et al.                                                                                                                                                                 10.3389/fsurg.2025.1648329 

Frontiers in Surgery 05 frontiersin.org



Publisher’s note

All claims expressed in this article are solely those of the 

authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 

reviewers. Any product that may be evaluated in this article, or 

claim that may be made by its manufacturer, is not guaranteed 

or endorsed by the publisher.

References

1. Payer M, Luzi M, Tessitore E. Posterior atlanto-axial fixation with polyaxial C1 
lateral mass screws and C2 pars screws. Acta Neurochir (Wien). (2009) 151:223–9. 
discussion 229. doi: 10.1007/s00701-009-0198-4

2. Jeanneret B, Magerl F. Primary posterior fusion C1/2 in odontoid fractures: 
indications, technique, and results of transarticular screw fixation. J Spinal Disord. 
(1992) 5:464–75. doi: 10.1097/00002517-199212000-00012

3. Suchomel P, Stulík J, Klézl Z, Chrobok J, Lukás R, Krbec M, et al. Transarticular 
fixation of C1–C2: a multicenter retrospective study. Acta Chir Orthop Traumatol 
Cech. (2004) 71:6–12.

4. Goel A, Desai KI, Muzumdar DP. Atlantoaxial fixation using plate and screw 
method: a report of 160 treated patients. Neurosurgery. (2002) 51:1351–6. 
discussion 1356–1357. doi: 10.1097/00006123-200212000-00004

5. Abou Madawi A, Solanki G, Casey AT, Crockard HA. Variation of the groove in 
the axis vertebra for the vertebral artery. Implications for instrumentation. J Bone 
Joint Surg Br. (1997) 79:820–3. doi: 10.1302/0301-620X.79B5.0790820

6. Benzel EC. Anatomic consideration of C2 pedicle screw placement. Spine (Phila 
Pa 1976). (1996) 21:2301–2. doi: 10.1097/00007632-199610010-00028

7. Yoshida M, Neo M, Fujibayashi S, Nakamura T. Comparison of the anatomical 
risk for vertebral artery injury associated with the C2-pedicle screw and atlantoaxial 
transarticular screw. Spine (Phila Pa 1976). (2006) 31:E513–17. doi: 10.1097/01.brs. 
0000224516.29747.52

8. Wright NM. Posterior C2 fixation using bilateral, crossing C2 laminar screws: 
case series and technical note. J Spinal Disord Tech. (2004) 17:158–62. doi: 10. 
1097/00024720-200404000-00014

9. Wang MY. Cervical crossing laminar screws: early clinical results and 
complications. Neurosurgery. (2007) 61:311–5. discussion 315–316.

10. Kabir SM, Casey AT. Modification of Wright’s technique for C2 translaminar 
screw fixation: technical note. Acta Neurochir (Wien). (2009) 151:1543–7. doi: 10. 
1007/s00701-009-0459-2

11. Jea A, Sheth RN, Vanni S, Green BA, Levi AD. Modification of Wright’s 
technique for placement of bilateral crossing C2 translaminar screws: technical 
note. Spine J. (2008) 8:656–60. doi: 10.1016/j.spinee.2007.06.008

12. Wright NM. Translaminar rigid screw fixation of the axis. Technical note. 
J Neurosurg Spine. (2005) 3:409–14. doi: 10.3171/spi.2005.3.5.0409

13. Ji GY, Oh CH, Park SH, Kurniawan F, Lee J, Jeon JK, et al. Feasibility of 
translaminar screw placement in Korean population: morphometric analysis of 
cervical spine. Yonsei Med J. (2015) 56:159–66. doi: 10.3349/ymj.2015.56.1.159

14. Brooks AL, Jenkins EB. Atlanto-axial arthrodesis by the wedge compression 
method. J Bone Joint Surg Am. (1978) 60:279–84. doi: 10.2106/00004623- 
197860030-00001

15. Grob D, Crisco JJ 3rd, Panjabi MM, Wang P, Dvorak J. Biomechanical 
evaluation of four different posterior atlantoaxial fixation techniques. Spine (Phila 
Pa 1976). (1992) 17:480–90. doi: 10.1097/00007632-199205000-00003

16. Wright NM, Lauryssen C. Vertebral artery injury in C1–2 transarticular screw 
fixation: results of a survey of the AANS/CNS section on disorders of the spine and 
peripheral nerves. American Association of Neurological Surgeons/Congress of 
Neurological Surgeons. J Neurosurg. (1998) 88:634–40. doi: 10.3171/jns.1998.88.4. 
0634

17. Ebraheim N, Rollins JR Jr, Xu R, Jackson WT. Anatomic consideration of C2 
pedicle screw placement. Spine (Phila Pa 1976). (1996) 21:691–5. doi: 10.1097/ 
00007632-199603150-00005

18. Miller RM, Ebraheim NA, Xu R, Yeasting RA. Anatomic consideration of 
transpedicular screw placement in the cervical spine. An analysis of two 
approaches. Spine (Phila Pa 1976). (1996) 21:2317–22. doi: 10.1097/00007632- 
199610150-00003

19. Igarashi T, Kikuchi S, Sato K, Kayama S, Otani K. Anatomic study of 
the axis for surgical planning of transarticular screw fixation. Clin Orthop 
Relat Res. (2003) 408:162–6. doi: 10.1097/00007632-199610150-0000310.1097/ 
00003086-200303000-00020

20. Xu R, Burgar A, Ebraheim NA, Yeasting RA. The quantitative anatomy of the 
laminas of the spine. Spine (Phila Pa 1976). (1999) 24:107–13. doi: 10.1097/00007632- 
199901150-00002

21. Park EJ, Min WK, Sim S. Bicortical laminar screws for posterior fixation of 
subaxial cervical spine: a radiologic analysis with computed tomography images. 
Global Spine J. (2022) 12:85–91. doi: 10.1177/2192568220947054

22. Parker SL, McGirt MJ, Garcés-Ambrossi GL, Mehta VA, Sciubba DM, Witham 
TF, et al. Translaminar versus pedicle screw fixation of C2: comparison of surgical 
morbidity and accuracy of 313 consecutive screws. Neurosurgery. (2009) 64:343–8. 
discussion 348–349.

23. Leonard JR, Wright NM. Pediatric atlantoaxial fixation with bilateral, crossing 
C-2 translaminar screws. Technical note. J Neurosurg. (2006) 104:59–63.

24. Lapsiwala SB, Anderson PA, Oza A, Resnick DK. Biomechanical comparison of 
four C1 to C2 rigid fixative techniques: anterior transarticular, posterior 
transarticular, C1 to C2 pedicle, and C1 to C2 intralaminar screws. Neurosurgery. 
(2006) 58:516–21. discussion 516–521. doi: 10.1227/01.NEU.0000197222.05299.31

Qi et al.                                                                                                                                                                 10.3389/fsurg.2025.1648329 

Frontiers in Surgery 06 frontiersin.org

https://doi.org/10.1007/s00701-009-0198-4
https://doi.org/10.1097/00002517-199212000-00012
https://doi.org/10.1097/00006123-200212000-00004
https://doi.org/10.1302/0301-620X.79B5.0790820
https://doi.org/10.1097/00007632-199610010-00028
https://doi.org/10.1097/01.brs.0000224516.29747.52
https://doi.org/10.1097/01.brs.0000224516.29747.52
https://doi.org/10.1097/00024720-200404000-00014
https://doi.org/10.1097/00024720-200404000-00014
https://doi.org/10.1007/s00701-009-0459-2
https://doi.org/10.1007/s00701-009-0459-2
https://doi.org/10.1016/j.spinee.2007.06.008
https://doi.org/10.3171/spi.2005.3.5.0409
https://doi.org/10.3349/ymj.2015.56.1.159
https://doi.org/10.2106/00004623-197860030-00001
https://doi.org/10.2106/00004623-197860030-00001
https://doi.org/10.1097/00007632-199205000-00003
https://doi.org/10.3171/jns.1998.88.4.0634
https://doi.org/10.3171/jns.1998.88.4.0634
https://doi.org/10.1097/00007632-199603150-00005
https://doi.org/10.1097/00007632-199603150-00005
https://doi.org/10.1097/00007632-199610150-00003
https://doi.org/10.1097/00007632-199610150-00003
https://doi.org/10.1097/00007632-199610150-00003
https://doi.org/10.1097/00007632-199901150-00002
https://doi.org/10.1097/00007632-199901150-00002
https://doi.org/10.1177/2192568220947054
https://doi.org/10.1227/01.NEU.0000197222.05299.31

	Application of bilateral crossing C2 laminar screws and screw placement assistant tools for upper cervical spine fixation: technology note
	Introduction
	Materials and methods
	The C2 laminar screw placement aid tool
	Patients and clinical data
	Surgical technique

	Results
	Typical case

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


