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Objective: Although various surgical techniques have been described in the posterior cervical fixation, the lateral mass fixation method is the 
most preferred method. This study was conducted to examine the difference of imaging methods in order to detect and minimize important 
problems such as lateral mass fracture, vertebral artery foramen violation, and screw malposition intraoperatively during lateral mass fixation.
Materials and Methods: Age, gender, etiological factors, intraoperative imaging method, number of fixed segments, and intraoperative-
postoperative complications related to the surgical method of 41 patients were collected from the registered documents.
Results: Lateral mass fixation was performed in 41 patients. Of the patients 29.3% (n=12) were female and 70.7% (n=29) were male. When the 
etiological factors were examined, the most common cause was cervical spinal stenosis (68.3%, n=28). The patients were evaluated in two groups 
(A, B). A total of 280 lateral mass screws were placed in the patients in both groups. One hundred and twenty-nine (46.1%) lateral mass screws 
were used in group A. One hundred and fifty-one (53.9%) lateral mass screws were performed to 22 (53.7%) patients in group B. Intraoperative 
screw revision rates were compared between the two groups using the chi-square test using SPSS 15.0 and no significant difference was found 
(p<0.524).
Conclusion: No significant difference was found between X-ray and o-arm CT in terms of intraoperative screw revision. Both imaging methods 
can be used in lateral mass fixation. X-rays are inexpensive and readily available. However, tomography is expensive and requires experienced 
personnel, and it also increases the surgical time.
Keywords: Lateral mass fixation, O-arm CT, X-ray, cervical fixation

INTRODUCTION

Posterior cervical spine fixation is a key component in posterior 
cervical arthrodesis, which is commonly performed to treat 
various degenerative, neoplastic, inflammatory and traumatic 
conditions affecting the cervical spine(1). Posterior cervical 
fixation was based on wiring techniques in history. Wiring 
only offers stabilization for flexion, but does not immobilize 
the spine against the extension, lateral bending or rotation 
forces, which may put the fixation at high risk for mechanical 
failure(1). Over time, more reliable methods such as interlaminar 
fixation, transfacet fixation, lateral mass fixation (LMF) and 
transpedicular fixation have been developed(1-3). The most 
known method in posterior fixation is the LMF method(4,5). 
The lateral mass screw fixation technique is commonly used 
for fixation of an unstable cervical spine caused by trauma, 
degenerative disorders, neoplasms, rheumatoid arthritis, and 
destructive spondyloarthropathy(6-9). The LMF technique has 

emerged as a more reliable and easily applicable method 
compared to other methods(5). Thereafter, several modifications 
have been suggested by many authors(10). Currently, there is no 
standardized intraoperative method to estimate the trajectory 
angle of insertion of a lateral mass screw as proposed by 
the techniques described by An,  Anderson, Magerl, or Roy-
Camille(11). All these modifications aimed to improve the safety 
margin of this technique(10). Their main considerations were 
vertebral artery injury, nerve root injury, facet joint violation, 
and fusion(12). Fixation with a lateral mass screw also has its 
own difficulties. The anatomic structures at risk during lateral 
mass screwing of the cervical spine are the nerve roots, 
the vertebral artery, and the adjacent lateral masses(6,13-18).
Fluoroscopy, X-ray and O-arm computed tomography (CT) 
are used to evaluate intraoperative screw placement and 
malpositions during surgery. The importance of intraoperative 
O-arm CT is increasing in order to avoid complications such as 
cervical nerve roots, spinal cord and vertebral artery damage, 
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especially due to screw malposition. We compared the patients 
who underwent LMF with intraoperative X-ray and O-arm CT 
in our clinic and examined the differences between the two 
intraoperative imaging methods.

MATERIALS AND METHODS

This study was approved by the University of Health Sciences 
Turkey, Gülhane Scientific Research Ethics Committee (number: 
2021-238, date: 20.05.2021).

Patient population

In our study, patients who applied to our clinic with different 
etiologies and underwent posterior cervical fixation between 
September 1, 2016 and May 31, 2021 were examined. 
Demographic characteristics, clinical status, etiology, 
preoperative imaging, surgical method, and intra-postoperative 
complications of the patients were reviewed retrospectively.
Patients aged 18-80 years, who had posterior cervical 
instrumentation in our department were included in the study. 
Patients who had previous posterior cervical instrumentation, 
were outside the age range of 18-80 years and were re-operated 
due to post-surgical trauma or infection were excluded.
Age, gender, etiological factors, intraoperative imaging method, 
number of fixed segments, intraoperative-postoperative 
complications related to the surgical method of 41 patients 
were determined from the patient files. The patients were 
evaluated in two groups (A, B).

Intraoperative İmaging

Intraoperative O-arm-CT or X-ray was used to examine 
conditions such as screw malposition, lateral mass fracture, and 
vertebral foramen violation in all cases, and the problematic 
cases were intervened again.

Surgical Technique

All patients were placed in prone position with the chest 
elevated 15° to reduce venous bleeding and the neck in a 
neutral position to avoid fusion in rotation. The head is fixed 
into a three-pin head-holder allowing strong immobilization 
during screw placement. Lateral fluoroscopy is performed to 
confirm the level(19).
After the lateral masses were revealed in all patients, the entry 
site was determined with the modified Magerl technique. Screw 
tracing was prepared with the help of high-speed drill. After the 
screw tracing was checked with the help of the guide, the screws 
with self-tapping feature were sent at an appropriate angle. We 
avoided placing the screws with the free-hand technique.
Screw position after delivery of lateral mass screws; It was 
checked with O-arm-CT in patients in group A, and with X-rays 
in patients in group B. After evaluating the vertebral foramen, 
the tracing of the screws, and the condition of the lateral 
masses, suspicious or problematic situations were intervened. 
We did not use navigation in any of our cases.

RESULTS

29.3% (n=12) of the cases were female and 70.7% (n=29) were 
male. The mean age of the cases was 53.2 years (19-76). When 
the etiological factors were examined, the most common cause 
was cervical spinal stenosis (68.3%, n=28). Apart from this, there 
were traumatic fractures and dislocations in 22% (n=9), tumor 
in 7.3% (n=3), and basilar invagination in 2.4% (n=1) (Table 1). 
Long segment (≥3 segments) instrumentation was performed 
in 33 patients (80.5%) and short segment (<3 segments) in 8 
patients (19.5%). A total of 280 lateral mass screws were placed 
in the patients in both groups at the first stage.
In the first stage, 129 lateral mass screws (46.1%) were 
placed in 19 patients in group A (46.3%). After control with 
intraoperative O-arm-CT, a total of 2 screw malpositions 
(1.6%) and 5 lateral mass fractures (3.9%) were detected in 
6 patients in this group, and the malpositioned screws were 
revised intraoperatively (Table 2). In this group, root damage 
was detected in 1 patient (5.3%) in the postoperative period. 
Again in this group, an additional occipitocervical fusion was 
performed in 1 patient (5.3%) to eliminate instability after 
screw malposition. No additional complications occurred in 
the patients in group A. In group A, intraoperative O-arm CT 
control was taken after the pins were placed in the segments to 
be fixed. The placement tracing of the screws was determined. 
Then the screw was placed. During screw placement, O-arm CT 
was taken again depending on the lateral mass status, superior 
and lateral angle of the screw, and the surgeon’s experience. 
Revisions were made when necessary. Control CT was taken 
after all screws were placed. Fixation was completed. 
In the first stage, 151 lateral mass screws (53.9%) were placed 
in 22 patients in group B (53.7%). After the control with 
intraoperative X-ray, a total of 1 screw malposition (0.7%) was 
detected. And 5 lateral mass fractures (3.3%) were suspected 
in 5 patients and revision was performed (Table 2). In this 
group, root damage was detected in 1 patient (4.5%) in the 
postoperative period. An additional occipitocervical fusion 
was performed in 1 patient (4.5%) to eliminate instability 
after screw malposition. No additional complications occurred 
in the patients in group B. For patients in group B, unilateral 
screws were placed in the segments to be fixed first. Superior 

Table 1. Demographic and etiological factors of the cases

Characteristics Number %
Sex

Men 29 70.7

Women 12 29.3

Etiology
Cervical stenosis 28 28

Traumatic fracture 9 22

Tumor 3 7.3

Basilar invagination 1 2.4
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angles, lateral angles and lateral masses of the screws were 
checked with lateral and oblique X-rays. Revisions were made 
when necessary. Then, screws were placed on the opposite side 
of the same segments and similar procedures were repeated, 
and fixation was performed by completing bilateral screw 
placement.
A total of 10 lateral mass fractures (3.6%) were detected in both 
groups due to screw placement. Of the 280 lateral mass screws 
placed, 13 screws (4.6%) were revised due to intraoperative 
lateral mass fracture or screw malposition, root damage was 
detected in 2 patients (4.9%), and occipitocervical fusion was 
performed in 2 patients (4.9%) to ensure stability after screw 
malposition (Table 2). No additional complications developed 
in any of the patients apart from the stated complications.
In both groups, CT was taken within the first 4 hours 
postoperatively (Figure 1, 2). Neural foramen, vertebral 
artery foramen, spinal canal, lateral mass status and screw 
angle were evaluated by performing 3-D reconstruction. No 
problem requiring revision was detected in the CT taken in the 
postoperative period.

Statistical Analysis

Intraoperative screw revision was performed in 7 (5.4%) of 129 
lateral mass screws in 19 patients operated with O-arm, and 
in 6 (4%) of 151 screws in 22 patients operated using X-ray. 
Intraoperative screw revision rates between the two groups 
were evaluated with the chi-square test using SPSS 15.0, no 
significant difference was found between the two groups 
(p<0.524).

DISCUSSION

Posterior cervical fixation with lateral mass screws was first 
introduced by Roy-Camille in 1979; it has been increasingly 
used since that time to treat a wide range of cervical spine 
disorders(20). The vast majority of surgeons hold the opinion that 
the LMF technique is the most optimal method for providing 
cervical stabilization after long segment decompression(21). 
Lateral mass screw fixation has advantages over standard 
posterior wiring techniques; it can be done easily for many 
levels on patients with laminectomy and it can preserve the 
biomechanical forces(22). Although the LMF method is the most 

reliable and frequently preferred method among surgeons, it has 
significant complications. Lateral mass plate and screw devices 
have proven to be safe despite their proximity to neurovascular 
structures. However, posterior plate-screw techniques can be 
associated with potential problems, including injury to the 
vertebral artery, nerve roots, facet joints and spinal cord(6,14-18). 

Table 2. Intraoperative and postoperative results of the cases

Imaging 
method

Number of 
paitents

Number 
of screw

Dural     
tear

Root 
injury

Vertebral 
artery 
violation

Screw 
malposition

Facet 
fracture

İntraoperative 
screw revision

Revision 
surgery via
fixation 
failure

Tomography 
(A)

19 (46.3%)
Men: 11 (57.9%)
Women: 8 (42.1%)

129 0 1 0 2 5 7 1

X-Ray (B)
22 (53.7%)
Men: 18 (81.9%)
Women: 4 (19.1%)

151 0 1 0 1 5 6 1

Total 41 (100%) 280 0 2 0 3 10 13 2

Figure 1. T2-weighted sagittal and axial images show a intradural 
extramedullary mass lesion which was histopathologically diag-
nosed as schwannoma at C4 level (A, B) with foraminal extension 
(C). Postoperative MRI images reveal adequate decompression and 
total excision of the tumor inside the spinal canal (D, E). Residual 
lesion and slight root edema is also shown (F). Proper lateral mass 
screw position which was checked intraoperatively through X-ray 
was confirmed with computerized tomography images postopera-
tively (G, H, I)
MRI: Magnetic resonance imaging
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In the literature, the rate of intraoperative lateral mass fracture 
has been reported as 1.6-4.7%(6). Inoue et al.(4) Reported the 
overall incidence of lateral mass fracture was 4.7% in his 
retrospective study of 117 consecutive patients undergoing 
lateral mass screw fixation by a modified Magerl’s technique. In 
our study, the rate of lateral mass fracture was found to be 3.6%. 
Another complication encountered in posterior cervical fusion 
surgeries where lateral mass screws are used is damage to the 
cervical nerve roots. The anatomic study of An et al.(6) observed 
that the nerve root’s exit point was at the anterolateral portion 
of the superior facet. According to the LMF technique used, the 
rate of damage to the cervical roots differs. Heller et al.(23) is 
compared the anatomic risks between the Roy-Camille and 
Magerl techniques. They found that the Roy-Camille screws 
were associated with less risk of nerve root injury, but more 
chance of facet joint violation. In contrast, the Magerl screws 
were associated with more risk of nerve root injury, but less 
chance of facet joint violation(23). Baek et al.(24) reported one 
nerve root injury was observed in each cervical spine segment 
using the Roy-Camille method (8.3%) and the Magerl method 
(5.6%) in his cadaveric study. Jeanneret et al.(9) has reported 
only two cases of nerve root-related problems in their total 
51 patients. In our study, cervical root damage was detected 
in only 2 patients (4.9%) out of 41 patients 1 in group A (5.3%) 
and 1 in group B (4.5%). When the postoperative CT images of 
the patients with root damage in both groups were examined, 
it was observed that the screws did not protrude beyond the 
lateral mass and into the neural foramen, and it was concluded 
that they were independent of the screw trajectory.

Vertebral artery injury remains a major concern; however, 
the reported prevalence rate is negligible(16,17,25). Kim et al.(26) 
reported in a prospective study on the evaluation of 1256 
lateral mass screws positioned in 178 consecutive patients 
at their institution. One screw revealed in the follow-up CT 
violating the foramen transversarium without penetrating the 
vertebral artery required no further intervention(26). Ebraheim et 
al.(27) reported his study, C6 has a greater risk for vertebral artery 
injury. In our study, intraoperative vertebral artery damage was 
not detected in any patient. Considering that LMF is frequently 
used today, it is clear that the complications that will occur are 
directly related to the increasing number of cases.
There are many advantages to using O arm CT during 
intraoperative imaging. That provides us with various 
parameters including trajectory, diameter and lengths of virtual 
screws. Screw placement in cases is performed with direct 
guidance without the need to rely only on anatomical signs. 
However, it is difficult to implement because it is expensive, 
requires experienced personnel and is not available in every 
center. In repeated imaging, the amount of radiation received 
by the patient and the surgical team increases(28).
Intraoperative X-ray imaging is an easily applicable and 
ubiquitous method without prolonging the operation time. The 
amount of radiation received by the patient and the surgical 
team is lower compared to O-arm CT. However, it is difficult 
to provide effective intraoperative imaging in patients with 
overweight, short neck and cervical spine degeneration(25-27).
In our study, we tried to determine the safer imaging method 
by examining the relationship between intraoperative imaging 
method and possible complications in cases with LMF and to 
determine the differences between the two imaging methods 
we preferred. Also, we have not encountered a study in the 
literature examining the differences between O arm CT and 
X-ray supported lateral mass screw placement. In both groups, 
we found that revision was not required after postoperative CT 
in the early period. Postoperative CT controls of patients using 
X-ray when compared to postoperative CT control of patients 
using O-arm CT, the rates of lateral mass fracture, vertebral 
artery foramen and neural foramen violation were found to be 
similar.

Study Limitations

There are some limitations in our study. The first is the low 
number of cases. Secondly, since it is a retrospective study, 
the data were analyzed over the files and the unsaved data of 
the patients could not be reached. Another limitation is that 
the BMD status of the patients was not known, so it could not 
be clearly evaluated whether the facet fracture was due to 
technical reasons or low bone quality.

CONCLUSION

Cervical posterior fusion surgery using a lateral mass 
screw is one of the most used methods in posterior cervical 
instrumentation. In order to minimize intraoperative risks, 

Figure 2. Loss of cervical lordosis, multi-level degenerative disc 
disease, cervical spinal stenosis and myelomalacia at C5 level can 
be seen T2-weighted sagittal and axial images (A, B, C). The pa-
tient underwent multi-level cervical laminectomy and lateral mass 
screw fixation surgery. O-arm imaging system was used to confirm 
screw placements intraoperatively. Plain radiography and comput-
erized tomography images revealed that the screw placements 
were accurate (D, E, F)
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intraoperative screw positions should be visualized in the most 
optimal way. For this reason, it is used both as an O-arm-CT and 
X-ray imaging method in the intraoperative process. Because 
of its ubiquity and inexpensive access, X-ray is used more 
frequently than O-arm-CT, which is more expensive and can be 
time-consuming to set up intraoperatively. However, they are 
similar in effectiveness.
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