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Objective: Although neck and arm pain are the most common symptoms of cervical foraminal stenosis, neuromotor deficits are also observed. 
The most common surgical treatment for cervical foraminal stenosis is cervical decompression and fusion. This process is difficult and 
invasive. The study evaluates the effectiveness and results of posterior cervical facet cages (PCFC) operation in cervical foraminal stenosis.
Materials and Methods: In this study, 80 patients who underwent PCFC operation and 70 patients who underwent decompression with 
lateral mass screw fixation (LMSF) between May 2016 and May 2021 were evaluated. Clinical information, laboratory results, and radiological 
findings were reviewed retrospectively. The patients were divided into two groups PCFC -applied patients in group 1 and LMSF- applied 
patients in group 2. Pain complaints of the patients were evaluated using a visual analog scale (VAS). Posterior disc height (PDH) (mm) and 
foraminal height (FH) (mm) were used for radiological evaluation.
Results: The mean hospitalization time of the patients was 27 h in group 1 and 92 h in group 2. There was a statistically significant difference 
between the groups in terms of mean hospitalization time (p<0.001). The mean preoperative and postoperative VAS scores in group 1 were 6.8 
and 2.9 for neck pain, and 7.1 and 2.6 for arm pain, respectively. Mean preoperative and postoperative VAS scores in group 2 were 6.7 and 3.8 
for neck pain, respectively. There was a statistically significant difference between the groups in terms of a decrease in VAS scores (p<0.001). 
PDH in group 1 was 2.3 mm preoperatively and 2.6 mm postoperatively. The FH was 10.2 mm preoperatively and 10.5 mm postoperatively. 
In group 2, PDH was 2.4 mm preoperatively and 2.3 mm postoperatively. FH was 10.6 mm preoperatively, and no postoperative change was 
detected. There was a statistically significant difference between groups 1 and 2 in terms of PDH and FH (p<0.001).
Conclusion: It shows that minimally invasive facet cages can be considered as a safe alternative method for root decompression and spinal 
fusion in cervical foraminal stenosis.
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INTRODUCTION

Foraminal stenosis is the most important pathology that 
occurs because of cervical intervertebral disc degeneration 
or spondylosis. The clinical presentation of this condition 
manifested as radiculopathy. Although the most predominant 
symptom is neck and arm pain in patients with foraminal stenosis, 
neuromotor deficits are also observed(1,2). In radiculopathy 
caused by degenerative disc disease or spondylosis, posterior 
decompression with lateral mass screw fixation (LMSF) 
together with cervical laminectomy is a standard method 
considered an effective treatment. The surgical aim is to 
decompress the nerve with foraminotomy. Minor laminotomy is 
typically performed. With foraminotomy, the affected nerve root 
is decompressed. Posterior stabilization should be performed 

to prevent instability after decompression. For this purpose, 
posterior lateral mass screw fixation is applied(3-7). Although this 
treatment modality has a lower risk of dysphagia than anterior 
intervention, it typically requires nerve root manipulation and 
bone resection(8).
In the LMSF method: The risk of neurological complications, 
osteophytes, kyphosis, muscle atrophy, and disc fusion with 
reconstruction is high. After the excision of the ligamentum 
flavum, the dura mater emerges, and consequently the risk of 
damage to the dura mater increases(4,9). With minimally invasive 
cervical posterior surgery, recovery and hospitalization times are 
shortened due to a significant reduction in intraoperative blood 
loss and tissue damage(10-12). Recently, posterior cervical facet 
cages (PCFC) have been developed as a percutaneous system 
with minimal incisions in the posterior cervical approach(10,13). 
In cervical stenosis-related radiculopathy, positive results after 
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surgery with minimally invasive implants placed between 
the facet joints have been reported for up to two years as an 
alternative to LMSF. However, few publications are compared 
the biomechanical effects between LMSF and PCFC(14,15). Our 
aim in our study was to compare the clinical and radiological 
results of a Posterior Cervical Facet Cage Technique with the 
posterior lateral mass screw fixation technique in cervical 
foraminal stenosis.

MATERIALS AND METHODS 

Between May 2016 and May 2021, 150 patients who were 
operated on with the diagnosis of C5-6 segment cervical stenosis 
were included in the study. Eighty patients underwent the 
PCFC method (group 1) and 70 patients underwent the LMSF 
method (group 2). A patient’s data, including the clinical course, 
neurological findings, laboratory results, and neuroimaging 
findings, were reviewed retrospectively. Inclusion criteria were: 
1) patients aged between 18 and 75 years, 2) patients who 
received radiculopathy due to foraminal stenosis and underwent 
PCFC or LMSF, 3) patients who received an epidural steroid 
injection and/or who failed at least 6 weeks of conservative 
treatment. Exclusion criteria were: 1) cervical myelopathy, 2) 
spondylolisthesis greater than 3.5 mm, 3) cervical kyphosis, 
4) metabolic or connective tissue disease, 5) osteoporosis, 6) 
pregnancy or breastfeeding, 7) systemic inflammatory disease, 
8) facet joint pathology. We followed up on 150 patients’ clinical 
information, laboratory results, and radiological findings 
obtained retrospectively from hospital medical records for 2 
weeks, 6 weeks, 3 months, 6 months, and 12 months. In the 
PCFC application, after the patient is fixed in the prone position 

and the shoulders are pulled back. Simultaneous lateral and 
anteroposterior (AP) images were taken using two C-arms. 
The facet joint to which PCFC will be applied is confirmed by 
entering with a spinal needle. After the skin incision, Access 
Chisel is advanced under fluoroscopic guidance until the bone 
is reached. The Access Chisel is used to locate and cut the tip of 
the joint capsule. The Access Chisel is advanced into the facet 
joint space. Decortication Trephine is delivered through the 
Access Chisel to the distal end of the bone. The Guide Tube is 
advanced into the facet joint space through the Fork Mallet. 
Decortication Rasp is advanced. The Guide Tube is locked with 
the guide tube holder and Rasped up to the upper handle of 
the decortication. The PCFC cervical cage transport device is 
advanced into the guide tube until it locks with the guide tube. 
AP and lateral fluoroscopy were used to confirm the proper 
placement of the cage. The bone graft material was placed in 
the upper part of the guide tube. After the cage is confirmed 
by final AP and lateral fluoroscopy, it is placed in the facet 
joint space (Figure 1). In the LMSF application group, after the 
patient was fixed in the prone position, bilateral paravertebral 
muscles were peeled open to expose the spinous process, 
bilateral laminae, and lateral mass. The needle insertion point 
and angle were determined according to the Magerl technique. 
The lateral mass screw was inserted after sounding. After 
the screw position was confirmed to be good by fluoroscopy, 
posterior resection of the posterior wall of the spinal canal at 
the corresponding segment was performed, paying attention 
to the protection of the lateral mass bone. The vertebral 
plate was completely removed to completely decompress the 
spinal canal. After traction by the contact cranial ring arch, a 
prebent titanium rod was linked to the screw. All patients were 

Figure 1. The PCFC process application is shown in A) The incision site is planned for the PCFC procedure. B, C) Chisel is advanced under 
fluoroscopic guidance until the bone is reached. D, E) PCFC is placed in the facet joint space with guidance. F, G) The AP and lateral fluo-
roscopic images of the PCFC cage placed in the facet joint space are shown. H) It has been shown that minimal entry space is required for 
its application
PCFC: Posterior cervical facet cages, AP: Anteroposterior
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routinely given postoperative nonopioid analgesic medication. 
pain complaints of the patients were evaluated using a visual 
analog scale (VAS). VAS is 0 to 10-point scale. On the VAS, 0 
represents the absence of pain, and 10 represents the worst 
pain the patient can imagine(16). For neck pain and arm pain 
in both group, VAS was evaluated on the day of surgery and 
at the 2nd week, 6th week, 3rd month, 6th month, and 12th month 
postoperatively. Preoperative and postoperative radiological 
images were analyzed in both groups, and posterior disc height 
(PDH) (mm) and foraminal height (FH) (mm) were measured. 
For our study, ethics committee approval was received for this 
study from Sanko University, Sanko Hospital Clinical Research 
Ethics Committee (decision no: 2022/04-01, date: 24.02.2022), 
and was performed out following the Declaration of Helsinki. 
Written informed consent was obtained from all the participants.

Statistical Analysis

In comparisons between the 2 study groups: Student’s t-test 
was used for Gaussian continuous variables, the Mann-Whitney 
U test was used for non-gaussian non-continuous variables, 
and χ2 was used for categorical variables. A value of p<0.05 was 
considered statistically significant. All analyses were performed 
using R Statistical Software Version 3.3.2.

RESULTS

Seventy nine (53%) male and 71 (47%) female patients were 
included in the study. The mean age of the patients was 62.3 
(25-73) years. The demographic and characteristic features of 

the patients are given in Table 1. There was no statistically 
significant difference between the two groups in terms of age 
and gender. Fifty five (69%) patients in group 1 had a previous 
operation history. In these patients, the most common operation 
was anterior cervical discectomy in 39 (71%) patients, anterior 
cervical fusion surgery in 11 (20%) patients, and posterior 
cervical fusion surgery combined with laminectomy in 5 (9%) 
patients. In group 2, 39 (55%) patients had a history of surgery, 
and posterior decompression surgery was found in these 
patients. The most frequently affected level was the C5-C6 
level in both groups. Then, in the order of frequency in both 
groups, it was C6-C7, C4-5, and C3-4. The mean hospitalization 
time was 27.1 h in group 1 and 52.6 h in group 2. There was 
a statistically significant difference in hospitalization time 
between the groups (p<0.001).
In group 1, preoperative and postoperative VAS scores were 6.8 
and 2.9 for neck pain and 7.1 and 2.6 for arm pain, respectively. 
There was an increase in arm pain in 2 patients and an increase 
in the neck and arm pain in 1 patient. This was reflected in the 
VAS scores. There was no change in the neck and arm pain in 
the four patients. There was a statistically significant difference 
in VAS reduction (p<0.001). The follow-up periods of the 
patients in group 1 are given in Table 2. In group 2, preoperative 
and postoperative VAS were 6.7 and 3.8 for neck pain and 6.9 
and 2.9 for arm pain. There was an increase in arm pain in 3 
patients. Although neck and arm pain increased in 23 patients 
in the early postoperative period, neck and arm pain increased 
in only 8 patients during follow-up. There was no change in 

Table 1. Demographic and characteristics of the patients
Characteristics Grup 1 (n=80) Grup 2 (n=70) p value
Age (years) 61 63 0.72

Male, n (%) 43 (54) 36 (51) 0.56

Prior cervical spine surgery, n (%)  -  - 0.068

Yes 55 (69) 39 (55)  -

No 25 (31) 31 (45)  -

Cage placement, n (%)  -  - <0.001

Unilateral 7 (9) 0  -

Bilateral 73 (91) 70 (100)  -

Cage segment, n (%)  -  - 0.84

C3-4 6 (7) 7 (10)  -

C4-5 17 (21) 13 (18)  -

C5-6 35 (44) 32 (46)  -

C6-7 22 (28) 18 (26)  -

Postoperative complications, n (%)  -  - <0.001

Spinal cord injury 0 2 (3)  -

Vertebral artery injury 0 1 (2)  -

CSF leak 0 6 (9)  -

Wound infection 1 (1) 5 (7)  -

Meningitis 0 2 (3)  -
CSF: Cerebrospinal fluid
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the neck and arm pain of 5 patients. Although there was no 
significant decrease in VAS during the early postoperative 
period, a statistically significant difference was found in the 
postoperative VAS reduction (p<0.001). The follow-up periods 
of the patients in group 2 are given in Table 3. When the VAS 
between group 1 and group 2 was evaluated, a statistically 
significant difference was found in the decrease in VAS of the 
patients in group 1 (p<0.001). The PDH (mm) in group 1 was 
2.3 mm preoperatively and 2.6 mm postoperatively. FH (mm) 
was 10.2 mm preoperatively and 10.5 mm postoperatively. In 
group 2, the PDH (mm) was 2.4 mm preoperatively and 2.3 mm 
postoperatively. FH (mm) was 10.6 mm preoperatively, and no 
postoperative change was detected. There was a statistically 
significant difference between groups 1 and 2 in terms of 
PDH and FH (p<0.001). Wound infection was detected in only 
1 (1%) patient as a postoperative complication in patients in 
group 1. In group 2, cerebrospinal leakage (CSF) in 6 (9%) 
patients, wound infection in 5 (7%) patients, spinal cord 
injury in 2 (3%) patients, meningitis in 2 (3%) patients, and 
1 (2%) patients vertebral artery damage was revealed. When 
postoperative complications were evaluated, a statistically 
significant difference was found between group 1 and group 
2 (p<0.001). There was no reoperation or readmission in any 
group.

DISCUSSION

The surgical approach in the surgical treatment of cervical 
intervertebral disc degeneration or spondylosis can be 
anterior, posterior, and combined. The most commonly 
preferred approach is posterior. The choice of the surgical 
approach is influenced by factors such as the location of 
pathology, the number of levels , and the degree of the clinical 
picture. Although cervical laminectomy and foraminotomy 
effectively decompress neurogenic structures, they can 
cause segmental instability, kyphosis, and neurologic deficits 
as well as technical difficulties. LMSF is also added to the 
decompression to prevent these complications(17-22). LMSF 
with laminectomy is effective for cervical mononeuropathy, 
along with the advantage of preserving stability(6,23).

Despite this, the risk of damage to neurogenic structures and 
surrounding muscle and bone structures increases. The risk 
of adjacent segment degeneration is also increased(1). PCFC 
performs root decompression and fusion by opening the 
neuronal foramen in the cervical facet with minimally invasive 
intervention, without damaging the paraspinal muscles, with 
negligible bleeding. Due to the increased tissue damage in 
group 2, additional pain occurs postoperatively in patients 
depending on the severity of the pain, even if the neurogenic 
pathology disappears. In our study, this explains the fact that 
group 2 early postoperative VAS did not decrease as much as in 
group 1. Minimally invasive percutaneous intervention in group 
1 increases the postoperative comfort of the patients due to less 
tissue damage and shortens the hospitalization period of the 
patients. PCFC is less invasive, requires a shorter hospital stay, 
and has fewer potential complications(24,25). Efficacy data thus far 
has shown PCFC to be comparable to LMSF for radicular pain, 
with multiple studies demonstrating significant improvement 
in symptoms in 95% of patients(26,27). The favorable outcomes 
of this study add to the growing literature supporting PCFC as 
a low‑morbidity, high‑efficacy alternative for cervical radicular 
symptoms.
In the study of Maulucci et al.(28) 2 mm facet cage and LMSF 
surgeries detected an increase in FH and stability, but could 
not detect statistically significant results in kinematic results. 
Kasliwal et al.(29) found significant improvements in VAS for 
the pain neck and arm in a 20-month follow-up study of 19 
patients who underwent revision surgery for pseudoarthrosis. 
However, they did not detect any significant change in cervical 
lordosis. Other studies in the literature have demonstrated 
similar stability with PCFC to traditional open LMSF 
surgery(30,31). Despite similar stability, it provides decompression 
of neuropathic structures because of a statistically significant 
increase in disc height and FH in group 1 compared to group 
2. This explains that the decrease in VAS in group 1 is more 
pronounced than the decrease in VAS in group 2. The study by 
McCormack et al.(10) including 60 patients who underwent PCF, 
reported that there was no vertebral artery injury or damage 
to neural structures and that no patient required reoperation. 
In our study, wound infection developed in only one patient 
in group 1, which is consistent with low complication 

Table 2. Group 1 scores

Time
VAS for neck 
pain

VAS for arm 
pain PDH FH

DS 6.8 7.1 2.3 10.2

2 weeks 4.1 3.6 2.6 10.5

6 weeks 3.3 2.8  - - 

3 months 2.4 2.3 - - 

6 months 2.2 2.4 2.4 10.4

12 months 2.3 2.2 - - 
VAS: Visual analog scale, PDH: Posterior disc height (mm), FH: Foraminal 
height (mm), DS: The day of surgery, 2 weeks: The control visit 2 weeks 
after surgery and the VAS score at subsequent visits

Table 3. Group 2 scores

Time
VAS for neck 
pain

VAS for arm 
pain PDH FH

DS 6.7 6.9 2.4 10.6

2 weeks 6.1 3.8 2.3 10.6

6 weeks 4.3 3.1  - - 

3 months 3.4 2.6 - - 

6 months 2.9 2.5 2.3 10.5

12 months 2.6 2.7 - - 
VAS: Visual analog scale, PDH: Posterior disc height (mm), FH: Foraminal 
height (mm), DS: The day of surgery, 2 weeks: The control visit 2 weeks 
after surgery and the VAS score at subsequent visits
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rates. However, in the seven-month follow-up of the study 
by Siemionow et al.(32) In 89 patients, the postoperative 
complication rate of LMSF was found to be 4.3%. The authors 
reported neurological complications related to C5 palsy in one 
patient and spinal cord irritation in one patient. The findings 
of this study evidence the safety of PCFC, and its potential 
as a low‑morbidity alternative to LMSF for radiculopathy. The 
procedures took an average of 27.1 h and on average required 
a 52.6-hour hospital stay. In comparison, one study looking at 
LMSF found an average length of procedure of 204±59 min 
and an average length of stay of 47.5±38.4 h with LMSF(25). 
The authors also reported postoperative parietal stroke in 
one patient and atrial fibrillation in one patient. The authors 
found the complication rate to be 3.4% in patients who used a 
posterior cervical cage. The reason why the complication rates 
in this study were higher than that in our study may be that 
our patient exclusion criteria were wider. 
Complications included dysphagia, hematoma, worsening 
myelopathy, recurrent laryngeal nerve palsy, cerebrospinal 
fluid leaks, wound infection, increased radiculopathy, Horner’s 
syndrome, respiratory insufficiency, esophageal perforation, 
and instrument failure(24,33). In the LMSF group, CSF in 6 (9%) 
patients, wound infection in 5 (7%) patients, spinal cord injury 
in 2 (3%) patients, meningitis in 2 (3%) patients, and 1 (2%) 
patients vertebral artery damage was revealed. There were no 
spinal cord injury, CSF leak, meningitis, and vertebral artery 
damage in the PCFC group (p<0.001). This demonstrates the 
significantly higher morbidity with LMSF, with most of these 
complications being avoided with PCFC given the minimally 
invasive posterior approach.

Study Limitations

This study has limitations. It is retrospective and the study 
is limited to one year. Longer follow-up and analyzes must 
understand the effects in the adjacent segment and to 
understand the long-term effects.

CONCLUSION

Surgical treatment options for cervical intervertebral disc 
degeneration or spondylosis remain largely invasive. The PCFC 
technique is a minimally invasive approach that provides a 
clinically significant improvement in the presence of clinical 
and radiological findings in patients with cervical radiculopathy. 
This technique can be considered as a safe alternative to 
surgical treatment in patients with spinal stenosis, particularly 
those with comorbidities.

Ethics

Ethics Committee Approval: The study, ethics committee 
approval was received for this study from Sanko University, 
Sanko Hospital Clinical Research Ethics Committee (decision 

no: 2022/04-01, date: 24.02.2022), and was performed out 
following the Declaration of Helsinki. 
Informed Consent: Written informed consent was obtained 
from all the participants.
Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: A.S., Concept: A.S., M.U., C.S., 

Design: M.U., Data Collection or Processing: A.S., M.U., C.S., 

Analysis or Interpretation: A.S., M.U., C.S., Literature Search: A.S., 
M.U., C.S., Writing: A.S., C.S.
Conflict of Interest: The authors have no conflicts of interest 
to declare.
Financial Disclosure: The authors declared that this study 
received no financial support.

REFERENCES

1.	 Caridi JM, Pumberger M, Hughes AP. Cervical radiculopathy: a review. 
HSS J. 2011;7:265-72. 

2.	 Ozer AF, Senturk S, Ciplak M, Oktenoglu T, Sasani M, Egemen E, et al. 
Novel Foraminal Expansion Technique. Asian Spine J. 2016;10:767-70. 

3.	 Mobbs RJ, Rao P, Chandran NK. Anterior cervical discectomy and 
fusion: analysis of surgical outcome with and without plating. J Clin 
Neurosci. 2007;14:639-42. 

4.	 Wenger M, Markwalder TM. Bryan total disc arthroplasty: a 
replacement disc for cervical disc disease. Med Devices (Auckl). 
2010;3:11-24. 

5.	 Zechmeister I, Winkler R, Mad P. Artificial total disc replacement 
versus fusion for the cervical spine: a systematic review. Eur Spine J. 
2011;20:177-84. 

6.	 Coe JD, Vaccaro AR, Dailey AT, Sasso RC, Ludwig SC, Harrop JS, et al. 
Lateral mass screw fixation in the cervical spine. J Neurosurg Spine. 
2014;20:592-6. 

7.	 Chang JC, Park HK, Choi SK. Posterior cervical inclinatory 
foraminotomy for spondylotic radiculopathy preliminary. J Korean 
Neurosurg Soc. 2011;49:308-13. 

8.	 Radcliff KE, Koyonos L, Clyde C, Sidhu GS, Fickes M, Hilibrand AS, et 
al. What is the incidence of dysphagia after posterior cervical surgery? 
Spine (Phila Pa 1976). 2013;38:1082-8. 

9.	 Choi KC, Ahn Y, Kang BU, Ahn ST, Lee SH. Motor palsy after posterior 
cervical foraminotomy: anatomical consideration. World Neurosurg. 
2013;79:405.e1-4.

10.	McCormack BM, Bundoc RC, Ver MR, Ignacio JM, Berven SH, 
Eyster EF. Percutaneous posterior cervical fusion with the DTRAX 
Facet System for single-level radiculopathy: results in 60 patients. J 
Neurosurg Spine. 2013;18:245-54. 

11.	Kovari VZ, Josvai A, Csokay A. Transpedicular direct osteosynthesis 
of hangman’s fracture from a mini-open exposure as a less invasive 
procedure: A technical note. Trauma Case Rep. 2017;12:66-71. 

12.	Kantelhardt SR, Keric N, Conrad J, Archavlis E, Giese A. Minimally 
invasive instrumentation of uncomplicated cervical fractures. Eur 
Spine J. 2016;25:127-33. 

13.	Goel A, Shah A. Facetal distraction as treatment for single- and 
multilevel cervical spondylotic radiculopathy and myelopathy: a 
preliminary report. J Neurosurg Spine. 2011;14:689-96. 

14.	Tan LA, Straus DC, Traynelis VC. Cervical interfacet spacers and 
maintenance of cervical lordosis. J Neurosurg Spine. 2015;22:466-9. 

15.	Laratta JL, Gupta K, Smith WD. Tissue-Sparing Posterior Cervical 
Fusion With Interfacet Cages: A Systematic Review of the Literature. 
Global Spine J. 2020;10:230-6. 



81

Sezer et al. Posterior Cervical Cage Stabilization

J Turk Spinal Surg 2023;34(2):76-81

16.	Karabicak GO, Hazar Kanik Z, Gunaydin G, Pala OO, Citaker S. 
Reliability and validity of the Turkish version of the Core Outcome 
Measures Index for the neck pain. Eur Spine J. 2020;29:186-93.

17.	Liu B, Wang Y, Zhang Y. Efficacy of Posterior Cervical Laminectomy 
and Decompression plus Lateral Mass Screw-Rod Internal Fixation in 
the Treatment of Multisegment Cervical Spinal Canal Stenosis and 
Effects on Cervical Curvature and Range of Motion Parameters. Evid 
Based Complement Alternat Med. 2021;2021:6001877.

18.	Sezer C, Uluöz M. İs Spınal Gunshot Wound Surgery Really Necessary? 
J Turk Spinal Surg. 2022;33:151-6.

19.	Kim BS, Dhillon RS. Cervical Laminectomy With or Without Lateral 
Mass Instrumentation: A Comparison of Outcomes. Clin Spine Surg. 
2019;32:226-32. 

20.	Fiss I, Mielke D, Rohde V, Psychogios M, Schilling C. Correlation 
between different instrumentation variants and the degree of 
destabilization in treating cervical spondylotic spinal canal stenosis 
by unilateral hemilaminectomy with bilateral decompression: a 
biomechanical investigation. Eur Spine J. 2021;30:1529-35.

21.	Park JY, Choi I, Chon HM, Kim JH, Lee SB, Park JH. Posterior 
Facetectomy with Fusion Using a Pedicle Screw for Parallel-shaped 
Cervical Foraminal Stenosis. Korean J Neurotrauma. 2020;16:216-25. 

22.	Sezer C, Gokten M, Sezer A, Gezgin İ, Binboga AB, Onay M. Role of 
Craniectomy Versus Craniotomy via the Retrosigmoid Approach in 
Decreasing the Incidence of Postoperative Headache. International 
Surgery. 2022;106:32-8.

23.	Heary RF, Ryken TC, Matz PG, Anderson PA, Groff MW, Holly LT, 
et al. Cervical laminoforaminotomy for the treatment of cervical 
degenerative radiculopathy. J Neurosurg Spine. 2009;11:198-202.

24.	Yazdanshenas H, Osias E, Hwang R, Park DY, Lord E, Shamie AN. 
Retrospective evaluation of cervical fusion with DTRAX (R) cervical 
cage. J Craniovertebr Junction Spine. 2022;13:48-54.

25.	Arnold PM, Rice LR, Anderson KK, McMahon JK, Connelly LM, Norvell 
DC. Factors affecting hospital length of stay following anterior cervical 
discectomy and fusion. Evid Based Spine Care J. 2011;2:11-8.

26.	McCormack BM, Bundoc RC, Ver MR, Ignacio JM, Berven SH, 
Eyster EF. Percutaneous posterior cervical fusion with the DTRAX 
Facet System for single-level radiculopathy: results in 60 patients. J 
Neurosurg Spine. 2013;18:245-54.

27.	McCormack BM EE, Chiu J, Siemionow K. Minimally disruptive 
posterior cervical fusion with DTRAX cervical cage for single level 
radiculopathy – Results in 10 patients at 1 year. Spine Res. 2016;2:1-5.

28.	Maulucci CM, Sansur CA, Singh V, Cholewczynski A, Shetye SS, 
McGilvray K, et al. Cortical bone facet spacers for cervical spine 
decompression: effects on intervertebral kinetics and foraminal area. 
J Neurosurg Spine. 2016;24:69-76. 

29.	Kasliwal MK, Corley JA, Traynelis VC. Posterior Cervical Fusion Using 
Cervical Interfacet Spacers in Patients With Symptomatic Cervical 
Pseudarthrosis. Neurosurgery. 2016;78:661-8. 

30.	Voronov LI, Siemionow KB, Havey RM, Carandang G, Patwardhan 
AG. Biomechanical evaluation of DTRAX(®) posterior cervical cage 
stabilization with and without lateral mass fixation. Med Devices 
(Auckl). 2016;9:285-90. 

31.	Voronov LI, Siemionow KB, Havey RM, Carandang G, Phillips 
FM, Patwardhan AG. Bilateral posterior cervical cages provide 
biomechanical stability: assessment of stand-alone and supplemental 
fixation for anterior cervical discectomy and fusion. Med Devices 
(Auckl). 2016;9:223-30. 

32.	Siemionow KB, Glowka P, Blok RJ, Gillespy MC, Gundanna MI, Smith 
WD, et al. Perioperative complications in patients treated with 
posterior cervical fusion and bilateral cages. J Craniovertebr Junction 
Spine. 2017;8:342-9. 

33.	Epstein NE. A Review of Complication Rates for Anterior Cervical 
Diskectomy and Fusion (ACDF). Surg Neurol Int. 2019;10:100.


