
Background: Percutaneous cervical nucleoplasty (PCN) is a minimally invasive technique used for 
the treatment of cervical disc herniation. However, if the lesion is located at the neural foramen, 
complete access and effective neural decompression are often challenging because of the special 
anatomical condition of the uncovertebral joint, osteophyte, and facet joint of the cervical 
foraminal space.

Objectives: To investigate the effect of PCN on radiculopathy caused by foraminal cervical disc 
herniation (FCDH).

Study Design: Retrospective case series.

Setting: Single-center tertiary hospital.

Methods: This study included 44 patients with radiculopathy caused by FCDH who were treated 
with PCN. Visual analog scale (VAS) scores, preoperative, 1 week, and 3 months postoperatively, 
and at the last follow-up, as well as the Macnab criteria, were used to evaluate clinical outcomes. 
A paired t-test was used to compare the preoperative and follow-up VAS scores. The percentage 
of patients with VAS scores ≤ 3 at each follow-up time point was also investigated. Statistical 
significance was set at P < 0.05.

Results: Twenty-seven men (62.4%) and 17 women (38.6%) were enrolled in this study. The 
mean age was 54.5 years (range 31-81). The average follow-up period after the operation was 
15.4 months (range 3.7-30.8). The mean preoperative VAS was 7.50 ± 1.21. The VAS scores 
at 1 week, 3 months, and the last follow–up were 4.36 ± 2.46, 3.20 ± 2.58, and 2.91 ± 2.74, 
respectively, showing a significant improvement in pain compared to before the operation (P < 
0.001 for all). The number of patients (percentage) with a VAS score of ≤ 3 was 20 (45.5%), 28 
(63.6%), and 31 (70.5%) of 44 patients at 1 week, 3 months, and the last follow-up, respectively. 
The number of patients (percentage) with excellent, good, fair, or poor satisfaction according to 
the Macnab criteria was 17 (38.6%), 9 (20.5%), 8 (18.2%), and 10 (22.7%) of 44, respectively. No 
patients experienced postoperative complications. 

Limitations: This study was retrospective and included a small number of patients from a single 
center.

Conclusions: Although PCN for radiculopathy caused by FCDH is thought to have limitations 
because of the surrounding bony structure, the clinical outcome seemed favorable. If PCN is not 
contraindicated, it may be a viable treatment option for CR due to FCDH. 
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CCervical radiculopathy (CR) is a pathological 
condition in which radiating pain in the upper 
extremity occurs due to compression of the 

cervical nerve roots. It is one of the most common 
conditions in the spine clinic (1,2). Anterior cervical 
discectomy and fusion (ACDF) or posterior cervical 
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foraminotomy are conventional methods of treatment 
and are proven standard surgical techniques that can 
be implemented if clinical improvement is not achieved 
even with sufficient conservative treatment for CR (3-
5). However, in recent years, there have been several 
reports on the simple, safe, and excellent therapeutic 
effectiveness of percutaneous cervical nucleoplasty 
(PCN) for CR, which is minimally invasive and avoids 
the risk of complications associated with open surgery 
(6-8). In PCN, an introducer needle passes through the 
skin and intervertebral disc in front of the neck under 
fluoroscopic guidance, through which a radiofrequency 
(RF) probe reaches the lesion and generates a plasma 
field to relieve neural compression.

If CR arises purely from a foraminal cervical disc 
herniation (FCDH), the special anatomical condition of 
the cervical foraminal space consisting of the uncover-
tebral joint (UVJ), osteophyte, and facet joint should 
be considered when performing PCN. This is because 
this condition can result in significant limitations in 
performing PCN. However, no author has described 
in detail the PCN treatment strategies related to this 
condition. Therefore, this study described the anatomi-
cal factors that should be specially considered when 
performing PCN in patients with radiculopathy caused 
by FCDH and analyzed the clinical results of treatment 
with this technique to determine the therapeutic effect.

Method

This retrospective study was approved by the insti-
tutional review board. Among the patients diagnosed 
with radiculopathy caused by FCDH at a single insti-
tute, 76 patients who underwent PCN for intractable 
pain that could not be controlled even with medica-
tion, physical therapy, or nerve block were identified 
between June 2018 and May 2021. Preoperative plain 
radiographs, computed tomography (CT) images, and 
magnetic resonance images of the cervical spine were 
reviewed, and only patients with radiculopathy due to 
FCDH were selected as subjects in this study. Intractable 
pain cannot be controlled with medication, physical 
therapy, or block treatment.

Inclusion Criteria
The study included patients with 1) a diagnosis 

of FCDH at a single level, 2) clearly corresponding 
radiating pain in the upper extremity, 3) no other le-
sion with the potential to cause radiating pain in the 
cervical spine, 4) no lesion in any other body part with 
the potential to cause arm pain other than the cervical 

spine, 5) a follow-up period of at least 3 months after 
the procedure, 6) complete access to the herniated disc 
and sufficient plasma application during the PCN, and 
7) no acute fracture, infectious disease, or tumor in the 
cervical spine.

Visual analog scale (VAS) data, preoperatively, 
1-week postoperatively, and 3-months postoperatively, 
were collected from the medical records of the subjects. 
VAS data at the last follow-up and details on satisfac-
tion with surgery (Macnab criteria) were also collected. 
Other treatments received after the operation were 
also evaluated. Patients whose medical records did not 
contain the information needed for the study or who 
did not undergo telephone interviews were excluded. 
To assess how much clinical improvement was achieved 
via the operation, a paired t-test was performed be-
tween the preoperative VAS score levels and each 
follow-up time point. The percentage of patients with 
a VAS score of ≤ 3 at each time point was also inves-
tigated. Frequency analysis was performed on the de-
gree of satisfaction collected using the Macnab criteria. 
SPSS version 26 (IBM, Armonk, NY) was used for the 
statistical analysis. Statistical significance was set at P 
< 0.05.

Description of Implemented PCN Technique

General Process
Preventive antibiotic therapy was administered an 

hour before the procedure. The patient was placed in 
the supine position on the surgical table. A soft pillow 
was placed under the upper back to slightly extend the 
cervical spine. Sterilization of the skin on the anterior 
side of the neck was performed with povidone-iodine 
solution, and sterilized drapes were used to cover the 
operating area. Using the index and middle fingers of 
the surgeon’s hand, the patient’s trachea and esopha-
gus complex were pushed from the opposite side of 
the lesion toward the lesion, and the skin entry of 
the introducer needle was made between the index 
and middle finger. The skin was pushed downward to 
the spine with the 2 fingers to minimize the distance 
between the anterior surface of the disc with the le-
sion and the skin entry. Under fluoroscopic guidance, 
an introducer needle pierced the skin between the two 
fingers that pressed the skin and entered the disc. The 
needle approached the lesion on the contralateral fo-
raminal side. The inner stylet in the introducer needle 
was removed, the YES DISC-C® (Mcare, Seongnam-si, 
Gyeonggi-do, South Korea) was passed through the 
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introducer needle, and the RF probe was used to ap-
proach the cervical foramen. The plasma energy around 
the probe was applied to the target site and nearby 
area for 5 minutes. Thereafter, the RF probe and in-
troducer needle were removed, and the operation was 
completed. This method is not notably different from 
the methods of other surgeons (9-12).

Special Tips for Accessing the Intervertebral 
Foramen and Prevention of Thermal Injury:

When the introducer needle enters the disc on the 
anterior side, the entry point should be located at the 
lower third of the disc height. At the same time, the 
trajectory of the needle should be obliquely inclined 
rather than parallel to the disc space (Fig. 1). This is to 
avoid contact until the needle reaches the herniated 
foraminal disc from the disc entry to the uphill-shaped 
uncinate process of the lower vertebrae. Occasionally, 
for C6-7 in a patient with a short neck, it is not possible 
to form this inclined trajectory because of the patient’s 
clavicle. In this situation, it may be helpful to intention-
ally shape the introducer needle to be slightly curved at 
1 cm from the distal end. 

It is common to encounter cases in which the UVJ 

space is narrowed due to severe arthrosis of the unci-
nate process. At this time, the pillow placed on the up-
per back should be moved to the head vertex, resulting 
in a flexed posture of the cervical spine. The patient’s 
neck should be laterally bent to the opposite side of 
the lesion. This makes the joint space temporally wider, 
which can help the needle pass through the narrowed 
UVJ space (Fig. 2).

The “stepping back technique” described below 
was used to prevent thermal damage to the nerves by 
plasma generated at the RF probe. When the plasma 
energy fired by the RF probe gets close to the nerve 
root, the patient feels radiating numbness, a burning 
sensation, or involuntary movement in the affected up-
per extremity. However, these sensations are temporary, 
and if the RF delivery is stopped within 1–2 seconds or 
the RF probe is retracted slightly in the opposite direc-
tion of the nerve, it does not cause any damage to the 
nerve structure. In this case series, plasma energy was 
applied close to the nerve root first, and the RF probe 
was gradually retreated as the patient complained. 
When the disc material was contracted by the plasma, 
the nerve root became closer to the RF probe by itself, 
and the patient may have had these sensations again. 

Fig. 1. Recommended trajectory of  the introducer needle. The needle has to approach the lesion from the contralateral side on 
axial plane (A). The entry point at the anterior side of  the disc should be located at the lower third or fourth of  the disc height. 
An obliquely inclined trajectory helps the needle to access the herniated foraminal disc without contacting the uphill-shaped 
uncinate process of  the lower vertebra.
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After retreating and repeating the application of 
plasma continuously, the neural decompression effect 
could be maximized.

Results

Patient Characteristics
Forty-four patients who met the inclusion criteria 

for this study were selected as subjects. The treated 
cervical levels were C4-5 in 2 cases (4.5%), C5-6 in 18 
cases (40.9%), and C6-7 in 24 cases (54.5%). There were 

27 men (62.4%) and 17 women (38.6%). The mean age 
was 54.5 years (range 31-81), and the average follow-
up period after the operation was 15.4 months (range 
3.7-30.8) (Table 1).

Clinical Outcome
The mean VAS score for radiating pain due to 

CR before the procedure was 7.50 ± 1.21. At 1 week 
postoperatively, 3 months postoperatively, and the last 
follow-up, the VAS scores were 4.36 ± 2.46, 3.20 ± 2.58, 
and 2.91 ± 2.74, respectively. There was a significant im-

Fig. 2. Changing the patient’s cervical posture to allow the introducer needle to pass through the narrowed UVJ space. A 
68-year-old male patient who had a left foraminal disc herniation at C6-7 with UVJ space narrowing (A). During the 
procedure, the patient’s cervical spine was flexed and bent laterally to the opposite side of  the lesion (B). Compared with before 
the posture change (C), complete access of  the needle to the foraminal lesion was achieved (D).
UVJ, uncovertebral joint
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provement in the degree of pain compared to before 
the operation in all the follow-up times (P < 0.001 for 
all) (Table 2). The number of patients (percentage) who 
had a VAS score of ≤ 3 was 20 (45.5%), 28 (63.6%), and 
31 (70.5%) of 44 patients at one week postoperatively, 
3 months postoperatively, and at the last follow-up, 
respectively (Fig. 3). Seventeen (38.6%), 9 (20.5%), 8 
(18.2%), and 10 (22.7%) patients out of 44 rated their 
satisfaction as excellent, good, fair, and poor, respec-
tively, according to the Macnab criteria (Table 3 and 
Fig. 4). Therefore, 26 patients (59.1%) were considered 
to have good satisfaction. No patient experienced post-
operative complications. One patient underwent ACDF 
at the same institute because of symptoms that per-
sisted after the operation, and 2 patients stated that 
they underwent surgery because of persistent pain at 
another institution.

Discussion

Degenerative spondylosis of the cervical spine com-
monly occurs in the elderly. It includes intervertebral 
disc herniation, osteophytosis of the vertebral body, 
and hypertrophy of the intervertebral joints (13,14). 
The clinical symptoms related to CR may be caused by 
mechanical compression of the nerve root in the pos-
terolateral or foraminal space due to the degenerative 
spondylotic pathology mentioned above. 

Posterolateral lesions are not difficult to access, 
and effective neural decompression can be expected 
only with PCN if osteophytes are not noticeable. How-
ever, pure foraminal lesions are surrounded by hard 
bony structures such as the pedicles superiorly and 
inferiorly, UVJ anteriorly, and superior articular process 
posteriorly. Moreover, there is often accompanying 
hypertrophy of the UVJ or superior articular process, 
and this point presents the next 2 main challenges in 
performing PCN for treating CR.

PCN generates plasma in the RF probe within the 
disc space, thereby evaporating the nucleus as this 
energy to remove the herniated nucleus or decrease 
the intradiscal pressure. The energy originating from 
this plasma mainly affects the nucleus of the disc but 
never affects the hard bony structure. Therefore, the 
decompression effect is expected to be limited only 
to the herniated disc and not to the hypertrophied 
UVJ and facet. This is the first challenge with PCN for 
radiculopathy in FCDH.

The UVJ is a unique structure of the cervical spine 
that exists as a raised posterolateral aspect of the 
cervical vertebrae, and it is responsible for stability 

Fig. 3. Percentage of  patients whose VAS scores for 
radicular pain decreased to ≤ 3 at each follow-up time 
point.
VAS = Visual analog scale

Characteristics Value

Age (yrs) 54.5 (31-81)

Gender
Male 27

Female 17

Level

C4-5 2

C5-6 18

C6-7 24

Follow-up period (months) 15.4 (3.7-30.8)

Table 1. Patient characteristics.

Values for age and follow-up period are expressed as mean (range).

VAS score

Mean SD

Preoperative 7.5 1.21

1 week postoperatively 4.36 2.46

3 months postoperatively 3.2 2.58

Last follow-up 2.91 2.74

Difference in VAS pain score between the preoperative and 
different follow-up periods*

Mean SD P value*

Preoperative vs. 1 week 3.136 2.664 < 0.001

Preoperative vs. 3 months 4.295 2.808 < 0.001

Preoperative vs. Last follow-up 4.591 2.991 < 0.001

Table 2. Visual analog scale (VAS) for pain preoperatively, at 
one week and 3 months preoperatively, and at the last follow-up. 
Comparison of  VAS pain score between the preoperative and 
postoperative values.

*The paired t-test was used to assess statistical signifance. VAS = Vi-
sual analoge scale; SD = Standard deviation.
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by limiting the horizontal movement of the cervical 
vertebrae (15). When a degenerative change occurs in 
this special structure, the process increases in height, 
inclines toward the intervertebral foramen, and in-
vades the intervertebral foramen, causing stenosis of 
the intervertebral foramen (16). Simultaneously, the 
interarticular space of the UVJ narrows. The change in 
the shape of the UVJ blocks the approach of the PCN 
device to the foraminal space, making it notably dif-
ficult to implement PCN. 

Considering the above, PCN for pure foraminal 
lesions seems like a contraindication. However, the 
expected limitation was technically overcome in this 
study. The joint space narrowed by UVJ degeneration 
was expanded by changing the cervical spine posture 
to flexed and laterally bent during the procedure. The 
trajectory of the introducer needle was formed with an 
uphill-inclined uncovertebral process in the caudal to 
cranial direction. The device selected for this procedure 
was designed to be straight, rigid, and sharp, allow-
ing easy penetration of the narrow UVJ space. The RF 
tip was shaped like a golf iron club, and when the RF 

needle was rotated axially while reaching the RF tip in 
the foraminal space, plasma energy could be effectively 
delivered to a wider area. This allowed the surgical in-
strument to pass through the UVJ, and the approach 
issue was overcome. We found that applying RF only to 
disc herniation significantly alleviated the symptoms.

However, PCN is not adaptable to all CR conditions 
originating from the foraminal region. If arthrosis 
is markedly severe that the uncovertebral process 
notably increases in height, or the UVJ space on the 
oblique cross-section is S-shaped, the RF probe cannot 
pass through the UVJ and enter the foraminal space. 
In the case of foraminal stenosis caused by the almost 
total absence of herniated disc material and hard bony 
structure in the foraminal region, significant neural 
decompression can hardly be expected, which means 
that the effect of nucleoplasty cannot be expected (Fig. 
5). Therefore, an oblique image from plain radiography 
or CT is required to ascertain the widening of the UVJ 
space (even slightly) during flexion, the contralateral 
bending of the cervical spine, and the severity of osteo-
phytes before deciding on the PCN.

Many authors have demonstrated excellent clinical 
results of surgical treatment regarding the improve-
ment of radiating pain. Several studies have shown 
that posterior cervical foraminotomy is a good surgical 
option for FCDH (17-19). Another surgical treatment, 
ACDF, has also been severally reported to have excellent 
therapeutic results for FCDH (20-22). A meta-analysis 
on the effect of ACDF for CR due to FCDH reported that 
when the clinical results of 10 studies, including RCT 
and OS, were combined, the degree of pain reduction 
on VAS was about 5.54 ± 1.81 (23). This value indicates 
a larger mean and less variance of pain reduction than 
the results of our study, suggesting that, currently, 
PCN cannot replace existing conventional surgical 
modalities. 

However, major complications such as hematoma 
accumulation, Horner syndrome, swallowing difficulty, 
vocal cord palsy, dural injury, implant-related compli-
cations, pseudoarthrosis, and esophageal injury have 
also been reported as potential disadvantages of these 
surgical treatments (5,24-26), but there were no com-
plications in this case series. Additionally, there is no 
need for general anesthesia, expensive instruments like 
artificial discs, and graft augmentation such as a de-
mineralized bone matrix. The short hospitalization pe-
riod, and the fact that it is a minimally invasive method 
enables patients to return to economic activities faster, 
which is a great benefit to patients in terms of cost. 

Table 3. Patient satisfaction after PCN according to the 
Macnab criteria at last follow-up.

n %

Excellent 17 38.6

Good 9 20.5

Fair 8 18.2

Poor 10 22.7

Total 44 100

PCN = percutaneous cervical nucleoplasty; n = number

Fig 4. Distribution of  patients’ satisfaction after PCN 
according to the Macnab criteria at the last follow-up 
(percentage).
PCN = Percutaneous cervical nucleoplasty
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The efficacy of PCN for cervical disc herniation has been 
reported by many authors, and this study investigated 
whether it is particularly effective for FCDH. The clinical 
outcome was favorable. 

Limitations
The limitations of this study include its retrospective 

nature, the small number of patients recruited from a 
single center, uncertainty of long-term outcome due to 
variability in the follow-up period, and the absence of 

a control group for comparisons regarding pain relief. 
Thus, further studies, such as prospective case-control 
or randomized studies, are needed to verify our results.

Conclusion

In conclusion, CR from FCDH may have limitations 
in treating PCN due to the surrounding bony struc-
ture. Our findings indicate that if PCN is not contra-
indicated, it may be a viable treatment option for CR 
due to FCDH.

Fig 5. The oblique plane of  cervical MRI of  a 52-year-old male patient showed a left foraminal disc herniation at C6-7 (A). 
On the CT scan, the bony spur was not severe due to slight degeneration of  UVJ in the same area, and it showed an open lip 
shape (B). This is an appropriate indication for performing PCN. However, the oblique planes of  a cervical MRI and CT 
scan of  a 62-year-old male patient showed right foraminal stenosis at C5-6 with a close lip-shaped bony spur due to severe 
degeneration of  UVJ. Note that the UVJ space is extremely narrow and deformed into an S-shape (C,D). Thus, access of  
the RF probe is almost impossible. This indicates that caution should be used when deciding on the implementation of  PCN.
MRI, magnetic resonance image; CT, computed tomography; UVJ, uncovertebral joint; PCN, percutaneous cervical nucleoplasty; RF, 
radiofrequency.



Pain Physician: October 2022 25: E1087-E1094

E1094 	 www.painphysicianjournal.com

References

1.	 Ellenberg MR, Honet JC, Treanor WJ. 
Cervical radiculopathy. Arch Phys Med 
Rehabil 1994; 75:342-352.

2.	 Rhee JM, Yoon T, Riew KD. Cervical 
radiculopathy. J Am Acad Orthop Surg 
2007; 15:486-494.

3.	 Kani KK, Chew FS. Anterior cervical 
discectomy and fusion: Review and 
update for radiologists. Skeletal Radiol 
2018; 47:7-17.

4.	 Safaee MM, Nichols NM, Yerneni 
K, Zhang Y, Riew KD, Tan LA. 
Safety and efficacy of direct nerve 
root decompression via anterior 
cervical discectomy and fusion with 
uncinectomy for cervical radiculopathy. 
J Spine Surg 2020; 6:205-209.

5.	 Liu WJ, Hu L, Chou PH, Wang JW, Kan 
WS. Comparison of anterior cervical 
discectomy and fusion versus posterior 
cervical foraminotomy in the treatment 
of cervical radiculopathy: A systematic 
review. Orthop Surg 2016; 8:425-431.

6.	 Nardi PV, Cabezas D, Cesaroni A. 
Percutaneous cervical nucleoplasty 
using coblation technology. Clinical 
results in fifty consecutive cases. Acta 
Neurochir Suppl 2005; 92:73-78.

7.	 de Rooij J, Harhangi B, Aukes H, 
Groeneweg G, Stronks D, Huygen F. 
The effect of percutaneous nucleoplasty 
vs anterior discectomy in patients with 
cervical radicular pain due to a single-
level contained soft-disc herniation: 
A randomized controlled trial. Pain 
Physician 2020; 23:553-564.

8.	 Taso M, Sommernes JH, Kolstad F, 
et al. A randomised controlled trial 
comparing the effectiveness of surgical 
and nonsurgical treatment for cervical 
radiculopathy. BMC Musculoskelet 
Disord 2020; 21:171.

9.	 Li J, Yan DL, Zhang ZH. Percutaneous 
cervical nucleoplasty in the treatment 
of cervical disc herniation. Eur Spine J 
2008; 17:1664-1669.

10.	 Sim SE, Ko ES, Kim DK, Kim HK, Kim 
YC, Shin HY. The results of cervical 
nucleoplasty in patients with cervical 
disc disorder: A retrospective clinical 
study of 22 patients. Korean J Pain 2011; 
24:36-43.

11.	 Halim W, Wullems JA, Lim T, et al. 
The long-term efficacy and safety of 
percutaneous cervical nucleoplasty in 
patients with a contained herniated 
disk. Pain Pract 2013; 13:364-371.

12.	 Yang B, Xie J, Yin B, Wang L, Fang S, 
Wan S. Treatment of cervical disc 
herniation through percutaneous 
minimally invasive techniques. Eur 
Spine J 2014; 23:382-388.

13.	 Lestini WF, Wiesel SW. The pathogenesis 
of cervical spondylosis. Clin Orthop Relat 
Res 1989; 69-93.

14.	 Shedid D, Benzel EC. Cervical 
spondylosis anatomy: Pathophysiology 
and biomechanics. Neurosurgery 2007; 
60:S7-S13.

15.	 Hartman J. Anatomy and clinical 
significance of the uncinate process and 
uncovertebral joint: A comprehensive 
review. Clin Anat 2014:27:431-440.

16.	 Tubbs RS, Rompala OJ, Verma K, et al. 
Analysis of the uncinate processes of 
the cervical spine: An anatomical study. 
J Neurosurg Spine 2012; 16:402-407.

17.	 Dunn C, Moore J, Sahai N, et al. 
Minimally invasive posterior cervical 
foraminotomy with tubes to prevent 
undesired fusion: A long-term follow-
up study. J Neurosurg Spine 2018; 
29:358-364.

18.	 Kim CH, Kim KT, Chung CK, et 
al. Minimally invasive cervical 
foraminotomy and diskectomy for 
laterally located soft disk herniation. Eur 
Spine J 2015; 24:3005-3012.

19.	 Won S, Kim CH, Chung CK, et al. 
Comparison of cervical sagittal 
alignment and kinematics after 
posterior full-endoscopic cervical 

foraminotomy and discectomy 
according to preoperative cervical 
alignment. Pain Physician 2017; 20:77-87.

20.	 Schroeder GD, Boody BS, Kepler CK, et 
al. Comparing health-related quality of 
life outcomes in patients undergoing 
either primary or revision anterior 
cervical discectomy and fusion. Spine 
2018; 43:E752-E757.

21.	 Suk KS, Lee SH, Park SY, Kim HS, 
Moon SH, Lee HM. Clinical outcome 
and changes of foraminal dimension 
in patients with foraminal stenosis 
after ACDF. J Spinal Disord Tech 2015; 
28:E449-453.

22.	 Parker SL, Godil SS, Shau DN, 
Mendenhall SK, McGirt MJ. Assessment 
of the minimum clinically important 
difference in pain, disability, and quality 
of life after anterior cervical discectomy 
and fusion: Clinical article. J Neurosurg 
Spine 2013; 18:154-160.

23.	 Yin M, Ding X, Zhu Y, et al. Safety and 
efficacy of anterior cervical discectomy 
and fusion with uncinate process 
resection: A systematic review and 
meta-analysis. Global Spine J 2022; 
21925682221084969.

24.	 Skovrlj B, Gologorsky Y, Haque R, 
Fessler RG, Qureshi SA. Complications, 
outcomes, and need for fusion after 
minimally invasive posterior cervical 
foraminotomy and microdiscectomy. 
Spine J 2014; 14:2405-2411.

25.	 Jagannathan J, Sherman JH, Szabo 
T, Shaffrey CI, Jane JA. The posterior 
cervical foraminotomy in the treatment 
of cervical disc/osteophyte disease: 
A single-surgeon experience with 
a minimum of 5 years’ clinical and 
radiographic follow-up. J Neurosurg 
Spine 2009; 10:347-356.

26.	 Woertgen C, Rothoerl RD, Henkel J, 
Brawanski A. Long term outcome after 
cervical foraminotomy. J Clin Neurosci 
2000; 7:312-315.


