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ABSTRACT

Objective: To assess the efficacy and safety of posterior facetectomy with fusion using 
pedicle screw (PF using FPS) for severe cervical foraminal stenosis of parallel shape.
Methods: Patients (n=8) with 1- or 2-level parallel-shaped cervical foraminal stenosis who 
underwent posterior facetectomy with fusion using cervical pedicle screw between March 
2012 and August 2016 were enrolled. Patients were followed up immediately postoperatively 
and at 1, 3, 6, and 12 months postoperatively. We assessed arm and neck pains and clinical 
outcomes using a numeric rating scale (NRS) and neck disability index (NDI). We determined 
cervical Cobb's and segmental angles by radiological evaluations. We identified screw breech 
as a neurovascular complication.
Results: Neck and arm pains were significantly reduced postoperatively (neck visual analog 
scale [VAS]: 4.9±3.7 [preoperative] to 0.4±1.1 [final follow-up]; arm VAS: 9.0±0.8 to 0.4±1.1). 
Cobb's angle for cervical sagittal alignment improved from 11.1±8.4 to 17.0±5.9. Segmental 
angle of index surgery was maintained (3.4±7.0–4.9±5.6). NDI was also remained from 
36.1±26.3 to 13.8±8.4. There are no injuries to the vertebral arteries and neural tissues 
because of screw insertion.
Conclusion: PF using FPS is a practical treatment option for parallel-shaped cervical 
foraminal stenosis.

Keywords: Spinal disease; Pedicle screw; Spinal stenosis

INTRODUCTION

Anterior cervical discectomy and fusion (ACDF) and posterior decompression with or 
without fusion are good options for cervical foraminal stenosis (FS). Although cervical 
posterior foraminotomy without fusion is a surgical option for the treatment of mild or 
moderate cervical FS, it is not recommended for the treatment of severe cervical FS, wherein 
the nerve root is compressed across the entire path of the cervical foramen.5,7,8,13,14,23,25) ACDF 
or posterior facetectomy with fusion are reportedly the two surgical options when presented 
with compression of the entire foraminal path by bony spur as observed in the axial 
computed tomography (CT) scan.4,7)
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We previously showed the efficacy and safety of placing a large series of cervical pedicle 
screws (CPSs) in patients with severe pathology of the cervical spine.3,6,12,15,16,17,19-21,24) To date, 
there are no reports regarding the treatment of severe cervical FS by PF using FPS. In this 
study, we demonstrate the efficacy and safety of posterior facetectomy with fusion using 
pedicle screw (PF using FPS) to treat parallel-shaped severe cervical FS.

MATERIALS AND METHODS

Patient population and inclusion criteria
In this study, we enrolled patients with 1- or 2-level parallel-shaped cervical FS who 
underwent posterior facetectomy with fusion using a CPS between March 2012 and June 
2014. Patients with cervical myelopathy, cervical soft disc herniation, severe cardiovascular, 
pulmonary, or cerebrovascular comorbidity, and anticoagulant treatment history (warfarin or 
clopidogrel) were excluded from this study. The inclusion criteria were as follows: 1) patients 
with radiculopathy caused by bony hypertrophy through the cervical foramen and those who 
failed >2 months of non-operative treatment; 2) the narrowed foramen on the axial CT scan 
was parallel-shaped, not V-shaped, and regarded as narrow through the entire path of the 
foramen (FIGURE 1)7) and 3) the follow-up duration was >12 months and the surgical level was 
1 or 2. All patients underwent preoperative CT, magnetic resonance imaging (MRI), and X-ray 
examination.

Surgical methods
All patients underwent preoperative CT (1-mm slices) with angiography. Pedicle screw 
insertion with a freehand technique was primarily considered if the outer diameter of 
the cervical pedicle was >3.0 mm on the axial CT scan. Patients were placed in the prone 
position, and Gardner-Wells tongs were applied with 3 or 5 pounds of traction to achieve 
a maximally horizontal head position. Motor evoked potential monitoring was used 
throughout the procedure. The entry point of the screw was determined by the notch level 
in the sagittal plane and was medial to the lateral border of the superior articular process 
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FIGURE 1. A lateral cervical X-ray image in the neutral position showing the Cobb's angle measurement between 
the lower borders of the C2 and C7 bodies.



by one-quarter of its width in the axial plane. However, the C7 vertebra was moved more 
medially and closer to the one-half width point of the superior articular process in the axial 
plane. A small pilot hole was made at the predetermined entry point with a 1.8-mm diameter 
match head-type burr. A 2.5-mm diameter, curved pedicle probe was slowly inserted 
vertically to the global lamina plane with a medial trajectory through the cortical hole, and 
the tip was placed at the thick medial cortical pedicle wall. Then, the tip of the pedicle probe 
was pushed medially in an upward and downward direction to locate the cancellous channel 
of the pedicle. When the cancellous channel was found, the probe was inserted at a depth of 
approximately 30 mm using a medially directed force. After forming a track with the curved 
probe, a ball tip probe palpation was performed. Next, a straight pedicle probe (2.5-mm 
diameter) was inserted to widen and straighten the. During the insertion of the curved and 
straight pedicle probe, the entry point was shifted more medially than the originally planned 
entry point. Moreover, the cancellous screw trajectory, including the cortical entrance, 
was wider. This process also eased the subsequent ball tip probe insertion, tapping, and 
screw placement. The depth of the ball tip probe was measured, and after tapping with 
a 3.5-mm diameter tap, a screw was inserted. The screw diameter was selected based on 
the preoperative CT measurements from the axial images. We used vertex pedicle screws 
(Medtronic Sofamor Danek, Memphis, TN, USA) that were 28–30 mm in length and 3.5–4.0 
mm in diameter. During the ball tip probe palpation, the CPS procedure was abandoned 
upon screw malpositioning, and lateral mass screw insertion was performed. The rate 
of lateral mass screw conversion during surgery was analyzed. A more detailed technical 
description of our technique is described in a previously published article.17,20)

After CPS, wide facetectomy was performed to decompress the entire path of the nerve root. 
After cutting the inferior articular process with an osteotome, the superior articular process 
was drilled with a 3.0-mm match head type burr and 1- and 2-mm Kerrison rongeur. After 
completely removing the tip of the superior articular process and identifying the lateral 
dura margin and origin of the nerve root, we regraded complete decompression (FIGURE 2). 
Further ligament flavectomy was not performed, and redundancy of soft tissue was identified 
by palpation with a number 4 Penfield. Cancellous bone was exposed by drilling the posterior 
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FIGURE 2. Intraoperative image showing total facetectomy and cervical pedicle insertion via the posterior approach.



surface of the lateral mass and inside the facet joint with a 3.0-mm match head type burr. 
Allograft bone chips (TBI Inc., San Rafael, CA, USA) were used for postero-lateral fusion, 
which included onlay bone graft on the decorticated lateral mass and inside the facet joint.17) 
As shown in FIGURE 3B, postoperative CT scan was performed to check for screw accuracy 
and optimal foraminal decompression in all patients.

Assessment of outcomes
All patients were advised to wear a soft collar for 4 weeks after the operation and were 
followed up at 1, 3, 6, and 12 months postoperatively. We assessed clinical outcomes such 
as changes in the arm pain numeric rating scale (NRS), neck pain NRS, and neck disability 
index (NDI).

Radiological fusion was deemed to have occurred if stability was observed on a dynamic 
view (the motion between the adjacent spinous processes between the fusion segment was 
<2 mm). The accuracy of CPS and lateral mass screw conversion rate were analyzed using 
postoperative CT scan in patients who underwent the posterior approach. The breach rate 
was analyzed based on both the sagittal and axial planes. In the axial plane, lateral wall 
perforation was classified into the following three grades: 1) grade 1: perforation into the 
VA foramen with the external edge of the screw deviating out of the lateral pedicle but not 
violating the largest diameter of the VA foramen; 2) grade 2: the screw deviates laterally into 
the largest diameter of the VA foramen, but without complete occlusion; and 3) grade 3: 
complete occlusion of VA foramen.20,22)

We reviewed a series of lateral cervical X-rays in the neutral position and measured the Cobb 
angle between the lower borders of the C2 and C7 bodies to determine cervical sagittal 
alignment. Moreover, we obtained the segmental Cobb's angle and the inter-spinous 
distance of the index surgery level to determine postoperative subsidence (FIGURE 1).

Statistical analysis
The SPSS 18.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. We 
used the Shapiro-Wilk normality test to investigate whether the numerical (continuous) 
variables that we use in our analysis followed a normal distribution. To investigate differences 
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FIGURE 3. (A) 70-year-old male patient complained of severe left-side arm pain (numeric rating scale: 9) despite 
6 months of medication treatment. Preoperative magnetic resonance imaging and CT scan show left parallel-
shaped foraminal stenosis at the C5-6 and C6-7 levels. (B) Post-operative 1-ear CT scan shows correct screw 
position and extensive decompression on the same level consistent with the successful surgical outcome. 
CT: computed tomography.



at different times, we used “repeated measure ANOVA” when the dependent variable was 
following the normal distribution or the equivalent non-parametric test “Friedman test” 
when the dependent variable was not following the normal distribution. Furthermore, 
we used “Multiple Comparisons of Means with Tukey Contrasts” to further investigate 
the variables that showed significant difference at different times. And the summarized 
characteristics of the study patients are presented as mean±standard deviation (SD) for 
numerical (continuous) variables or as counts of each category and percentage in case of 
categorical variables. Furthermore, we used the paired “Wilcoxon signed-rank test” to 
investigate differences among the pre-operative NDI and post-operative NDI scores

RESULTS

Patient characteristics
Finally, a total of 8 patients were enrolled. The demographic and characteristics of the study 
patients are summarized in TABLES 1 & 2. Seven of the 8 patients (87.5%) who underwent 
the posterior approach were men and a mean age of the total patients was 57.6±13.7 year. 
The follow-up duration was 28.6±7.5 months. The patients' surgical levels were C4-6 (n=1, 
12.5%), C4-7 (n=1, 12.5%), C5-6 (n=1, 12.5%), C5-7 (n=2, 25%), and C6-7 (n=3, 37.5%). The 
proportion of patients who underwent 2- and 1-level fusion was 50% (n=4) and 50% (n=4), 
respectively.

Clinical outcomes
The preoperative visual analog scale (VAS) score for arm pain was 9.0±0.8. The VAS score 
for arm pain at final follow-up was 0.4±1.1 (28.6±7.5 months). The preoperative VAS score 
for neck pain was 4.9±3.7. The VAS score for neck pain at final follow-up was 0.4±1.1. The 
preoperative VAS score for arm pain was 9.0±0.8, which declined over time, with a final 
follow-up mean±SD of 0.4±1.1 (TABLE 2). This decline over time was statistically significant 
based on the “Friedman test” (chi-squared=16.555; p<0.05). The pre-operative NDI score 
was 36.1, and it improved to 13.8 at the final follow-up. “Wilcoxon signed-rank test” showed 
that this improvement was statistically significant (V=27, p<0.05). Thus, we observed 
improvements in the arm and neck pain after surgery, and this improvement was maintained 
for at least 1 year (FIGURE 4).

Radiologic outcomes
The pre-operative mean baseline Cobb's angle was 11.1°±8.4°. The Cobb's angle at final 
follow-up was 17.0°±5.9°. The pre-operative mean baseline Cobb's angle was 11.1°±8.4°, which 
improved (increased) over time, with a final follow-up mean±SD of 17.0°±5.9° (TABLE 2). This 
increase over time was statistically significant based on the “repeated measure ANOVA test” 
(F=2.862; p<0.05). The preoperative segmental angle of the index surgery level was 3.4°±7.0°. 
The segmental angle at final follow-up was 4.9°±5.6° at the final follow-up. The preoperative 
segmental angle of the index surgery level was 3.4°±7.0°, which increased over time, with a 
final follow-up mean±SD of 4.9°±5.6° (TABLE 2). This increase in time was not statistically 
significant based on the “Friedman test” (chi-squared=1.2637; p>0.05) showed. The 
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TABLE 1. Demographic of study group (posterior cervical fusion with wide facetetomy and pedicle screw fixation)
Enrolled patients Values (n=8)
Sex (male:female) 7:1
Age 57.6±13.7



Cobb's and segmental angles were well maintained for at least 1 year after PF using FPS. To 
determine fusion, we measured the distance between the interspinous process using lateral 
cervical X-rays, and it was found to be 0.4±0.3 mm. Postoperative CT scan showed a solid 
bony fusion bridge in 7/8 cases (87.5%). The results of the “Multiple Comparisons of Means 
with Tukey Contrasts” tests for the “VAS score for neck pain,” “VAS score for arm pain,” 
“baseline Cobb's angle,” and “segmental angle” are presented in FIGURE 4, which show how 
these variables differed over time.
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TABLE 2. Clinical characteristics of study group (posterior cervical fusion with wide facetetomy and pedicle screw 
fixation)
F/U duration Values (28.6±7.5)
Operation level

C4-5 and C5-6 1 (12.5)
C4-5 and C5-6 and C6-7 1 (12.5)
C5-6 1 (12.5)
C5-6 and C6-7 2 (25.0)
C6-7 3 (37.5)

# of surgical level
1 level 4 (50.0)
2 level 3 (37.5)
3 level 1 (12.5)

Preoperative Cobb's angle 11.1±8.4
Postoperative Cobb's angle (1 month) 9.0±4.2
Postoperative Cobb's angle (3 months) 12.4±6.2
Postoperative Cobb's angle (6 months) 10.8±3.5
Postoperative Cobb's (12 months) 12.4±5.3
Cobb's angle at last follow-up 17.0±5.9

Preoperative segmental angle 3.4±7.0
Postoperative segmental angle (1 month) 3.5±4.2
Postoperative segmental angle (3 months) 5.3±6.1
Postoperative segmental angle (6 months) 3.8±3.6
Postoperative segmental angle (1 year) 5.3±6.4
Segmental angle at last follow-up 4.9±5.6

Preoperative arm VAS 9.0±0.8
Postoperative arm VAS (1 month) 0.8±1.5
Postoperative arm VAS (3 months) 0.8±1.5
Postoperative arm VAS (6 months) 0.5±1.2
Postoperative arm VAS (12 months) 0.6±1.0
Last follow-up arm VAS 0.4±1.1

Preoperative neck pain VAS 4.9±3.7
Postoperative neck pain VAS (1 month) 3.0±3.4
Postoperative neck pain VAS (3 months) 1.6±1.9
Postoperative neck pain VAS (6 months) 0.7±1.0
Postoperative neck pain VAS (12 months) 0.3±0.8
Last follow-up neck pain VAS 0.4±1.1

Last X-ray inter-spinous distance 0.4±0.3
Fusion bridge

Yes 7 (87.5)
No 1 (12.5)

Complication
Yes 3 (37.5)
No 5 (62.5)

Dysphagia
Yes 0 (0.0)
No 1 (100.0)

pre-NDI 36.1±26.3
post-NDI 13.8±8.4
Data are presented as number (%) or mean±standard deviation.
F/U: follow-up, VAS: visual analog scale, NDI: neck disability index.



The safety and accuracy of pedicle screw fixation
TABLE 2 shows the accuracy of the free-hand pedicle screw. We performed 42 pedicle 
screw insertions. Postoperative CT scan revealed a breach in 0 cases (Grade I, 1 medical 
wall violation; Grade 4, 4 lateral wall violation). Based on the surgical levels, we observed 
violations in 0/4 cases in C4, 0/10 cases in C5, 0/16 cases in C6 and 0/12 in C7. The accuracy 
rate of insertion was 100% (42/42). We did not observe any injuries to the vertebral arteries 
and neural tissues because of screw insertion (TABLE 3).
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FIGURE 4. Clinical outcome after the operation and during the follow-up at 1, 3, 6, and 12 months postoperatively. (A) Cobb's angle. (B) Segmental angle. (C) 
Arm VAS. (D) Neck VAS. 
VAS: visual analog scale.

TABLE 3. The safety and accuracy of pedicle screw fixation
Surgery level Planned CPS Lateral mass screw 

conversion
Actual CPS insertion Breach Lateral mass screw 

conversion rate
Accuracy rate

C4 4 0 4 0

0% 100%
C5 10 0 10 0
C6 16 0 16 0
C7 12 0 12 0
Total 42 0 42 0
CPS: cervical pedicle screw.



Case presentation
A 70-year-old male patient complained of severe left-side arm pain (NRS 9) despite 6 months 
of medication treatment. Preoperative MRI and CT scan show left parallel-shaped FS at C5-6 
and C6-7 levels (FIGURE 3A). Patients underwent posterior facetectomy with fusion using 
a pedicle screw at C5-6 and C6-7 levels. After operation, arm VAS was improved from 9 to 3 
postoperatively and 0 at the final follow-up. NDI also improved from 48 to 22. Post-operative 
1-year CT scan shows correct screw position and extensive decompression on the same levels 
consistent with the successful surgical outcome (FIGURE 3B).

DISCUSSION

Our study demonstrated that the segmental angle of the surgical index level and whole 
Cobb's angle are maintained for at least 1 year after PF using FPS. We also showed that arm 
and neck pains improved after surgery.

Although decompressive surgery such as a posterior cervical foraminotomy is the preferred 
surgical option for cervical FS, this minimally invasive surgical option is not considered for the 
treatment of FS with advanced stage degeneration. The recommended surgical options for this 
situation include ACDF with uncinated process removal or posterior cervical fusion and wide 
decompression through facet resection.4,7,8) However, additional uncinated process removal 
during ACDF is associated with higher incidences of subsidence despite similar fusion rates.18,19)

Previous studies have established the biomechanical advantage of CPS. However, because of 
concerns of neurovascular complications, the use of CPS is controversial.2,11) We previously 
showed the safety and efficacy of the CPS, if a surgeon stringently observed five safety steps 
during the procedure, which are as follows: 1) planning the screw entry point using the 
preoperative CT scan; 2) ensure sufficient medial angle for screw insertion through the use 
of a curved pedicle probe; 3) detect pedicle breach with a ball tip probe; 4) convert to a lateral 
mass screw insertion method upon breach; and 5) optimally interpret the intraoperative AP 
X-ray images after screw insertion. We did not encounter any neurovascular complications by 
observing these five safety steps from the beginning of CPS. 10,17,20) Therefore, although the use of 
CPS in the degenerative cervical disease is controversial, we have preferred to use CPS, instead of 
lateral mass screw, by observing the five safety steps, even in degenerative spinal disease.1,9,17)

Moreover, CPS is more beneficial than the lateral mas screw when we decompress the foramen 
through wide facetectomy. Sometimes, a screw tip or thread of a lateral mass screw may be 
exposed during the resection of the superior and inferior articular processes (FIGURE 5). 
The use of a lateral mass screw is limited when combined with wide facetectomy in cases 
of smaller bone and screw engagement because it offers lower stability during primary and 
after cyclic loading. Besides, a fusion bed around the lateral mass, which is regarded as an 
important bone graft recipient site, may be smaller because the area is occupied by the head of 
a lateral mass screw.17,23) We regard that a sufficient healthy surface of the bone graft recipient 
and biomechanical stability during bone fusion are critical factors to connect the remaining 
superior-inferior auricular process after decompression through a bony fusion. We previously 
showed a complete fusion rate only by using an onlay allograft bone in FS.17)

We think that the ACDF is standard surgery in degenerative cervical FS accompanying hard 
disc. The most useful case of this technic is that the patients are not able to be undergo the 
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ACDF, for example, who previously underwent anterior approach neck surgery especially. We 
wrote this article for proving as an alternative of previous anterior approach surgery, for its 
usefulness and safeness of posterior approach pedicle screw.

The limitations of our study include 1) the small size of the retrospective study cohort and 2) 
absence of control group in the case series. In our next study, we plan to compare the clinical 
and radiologic outcomes between ACDF and PF using FPS.

CONCLUSION

Posterior facetectomy with fusion using the CPS is a practical treatment option for cervical FS.
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