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Objective: Posterior percutaneous endoscopic cervical foraminotomy (P-PECF) is a minimally in-
vasive surgical technique for treatment of cervical radiculopathies. Application of P-PECF to pa-
tients with preexisting loss of cervical curvature (<10°) is still controversial because violation to 
facet joint may lead to kyphotic change. Clinical outcomes of P-PECF was analyzed and compared 
according to preoperative cervical curvature. Methods: In this retrospective nested case-control 
study, 71 patients who underwent P-PECF due to foraminal soft disc herniation or bony stenosis 
were reviewed. P-PECF was performed by a single senior surgeon, and surgical methods were as
previously described. Visual analogue pain scale on arm (Arm-VAS) was assessed preoperatively 
and postoperatively (1, 3, 6, 12 month and yearly thereafter). All patients were clinically followed 
for 24.5±20.0 months. The minimal clinically important difference of the Arm-VAS was set at 2.5. 
Patients with preoperative cervical curvature ≥10° were included in group I (n=32) and cervical 
curvature <10° or kyphosis were included in the group II (n=39). Results: At the last follow up, 
68/71 (96%) patients showed significant reduction of arm pain (Pre-operation, 7.4±2.0; post-opera- 
tion, 1.5±2.0) after 1.74±0.29 months (95% CI; 1.18-2.31). The preoperative cervical curvature did
not influence the outcome (p=0.4, T-test) and time to reach the clinical endpoint (p=0.34, Cox-logistic
regression analysis). Conclusion: P-PECF effectively reduced radicular pain due to foraminal soft 
disc herniation or stenosis. Preexisting loss of lordosis is not a risk factor for outcomes of P-PECF.
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INTRODUCTION

The first line management of cervical radiculopathy is medi-
cations or epidural steroid injections that can reduce the pain 
and inflammation19). If the symptoms persist after these treat-
ments, surgical intervention must be considered5,8,12,14,20). The 
anterior cervical discectomy and fusion (ACDF) is currently con-
sidered as the standard surgical technique1,12,13,27). However, dis-
advantages of ACDF including limited neck motion, surgical mor-

bidity, or degeneration of the adjacent segments have inspired 
the need for motion preserving and less invasive surgeries4,29,32). 
Artificial disk replacement may be considered for preserving 
neck motion, but numerous studies have reported complications 
such as heterotopic ossification, spontaneous fusion, or mechani- 
cal failure12,16,23). Motion preservation surgery such as posterior 
cervical foraminotomy could be a suitable alternative that can 
avoid complications related to fusion or instrumentation5,8,20). 
Nevertheless, there is a concern with open posterior foramino- 
tomy; inevitable damages on facet joints and muscles may shift 

http://crossmark.crossref.org/dialog/?doi=10.21182/jmisst.2016.00073&domain=pdf&date_stamp=2016-09-30


Samuel Jaeyoon Won, et al.

12   www.jmisst.org

weight-bearing axis anteriorly, thereby worsening cervical lordo-
sis8,9,34). Jagannathan et al. suggested that this phenomenon 
would lead to development of kyphosis after posterior foramino- 
tomy, especially for the patients with preexisting cervical de-
formity, such as loss of cervical lordosis8). Recent advance in 
endoscope and tubular retractor has allowed foraminotomy and 
diskectomy to be performed microscopically with less oper-
ation-related trauma14,25). Posterior percutaneous endoscopic 
cervical foraminotomy (P-PECF) is one of the minimally invasive 
endoscopic techniques of posterior foraminotomy13,25). Clinical 
studies and meta-analyses have shown that minimally invasive 
foraminotomy and/or diskectomy had equal effectiveness to 
ACDF for patients with radiculopathy1,12,14,17,25). Endoscopic techni-
ques especially lessens the neck pain secondary to injuries of 
muscles compared to the open procedure3,5,6). Nevertheless, 
there is still a concern with P-PECD that violation of facet joint 
may still lead to destabilization of the posterior column and 
subsequent kyphotic change of cervical curvature12,13). However, 
effective alleviation of radicular symptoms by P-PECD can greatly 
reduce functional change of spinal curvature due to pain and 
muscle spasm13,15). If so, kyphotic change or worsening of symp-
toms may not occur in the patients, even with preexisting loss 
of lordosis. Application of P-PECF, therefore, may not be con-
tra-indicated for patients with less lordosis preoperatively. Pre- 
viously we have shown that cervical curvature did not worsen 
after P-PECF for patients with preoperative cervical lordosis 
of <10° or kyphosis13). There is a need for more evidence on 
the clinical and radiological outcomes of P-PECF to address 
this issue. The objective of the present study was to examine 
association between clinical outcomes of P-PECF and preopera- 
tive cervical curvature. We performed nested case-control study 
between groups of patients with preoperative lordosis of <10° 
and preoperative lordosis of ≥10° as previously defined8).

　 
MATERIALS AND METHODS

1. Patients

The study was approved by the institutional review board 
at the Seoul National University Hospital (H-1210-078-434). We 
reviewed 71 consecutive patients (M:F=46:25; mean age, 48.9 
±10.4 years) who received single level unilateral P-PECF by a 
single senior surgeon (CHK) between May, 2010 and September, 
2015. Magnetic resonance (MR) imaging and computed tomog-
raphy (CT) scan for diagnosis were taken within 1 month before 
the surgery. Anterior-posterior and lateral X-rays for post-
operative analysis were taken within 2 weeks before the surgery. 
For the standardized neck position, patients stood up straight 
and looked ahead during X-ray imaging13). The P-PECD was per-
formed for patients with a radiculopathy due to single-level 
cervical foraminal soft-disk herniation or foraminal stenosis, 
and positive Spurling’s test11-13,31). The degree of degeneration 
of the disk was evaluated with T2-weighted sagittal magnetic 
resonance (MR) imaging as described by Pfirrmann et al.22), and 

grades of I, II and III (inhomogeneous structure of the disk with 
an intermediate, gray signal intensity with a preserved or slightly 
decreased disk height) were considered to be acceptable for 
a P-PECF, if indicated11-14). P-PECF was not indicated for patients 
with pure neck pain, gross cervical instability, symptomatic central 
disk herniation, central stenosis or myelopathy, severe facet 
degeneration (joint space narrowing, facet hypertrophy or large 
osteophyte)21), and ossification of the posterior longitudinal liga-
ment11-13,30). At the preoperative visits, patients completed paper 
questionnaires to evaluate their symptoms. Neck disability index 
(NDI; 50 max score being the worst symptoms), and visual ana-
logue scale on neck (neck-VAS; 10 max score being the worst 
symptoms) and visual analogue scale on arm were used to evaluate 
patients’ symptoms before the operation. After P-PECF, patients 
were discharged the day after the operation without neck collar 
and were encouraged to freely move the neck11-13). Patients 
were scheduled to visit the outpatient clinic at postoperative 
1, 3, 6 and 12 months and yearly thereafter. All patients were 
clinically followed for 24.5±20.0 months (median, 20 month; range: 
1-62).

2. Surgical Methods

The surgical methods were similar to those previously re-
ported11-13,27,28). All operations were performed under general 
anesthesia. Patients were in the prone position with three-point 
pin fixation devices with a table mounted holder (MayfieldⓇ sys-
tem, Intergra, Painsboro, JN) or craniocervical traction with a 
Gardner-Wells tongs skeletal fixation system (Fig. 1A)11-13). The 
neck was held in flexed position in order to widen the interlaminar 
window with minimized overlapping of facet joints11-13). All 71 
operations were performed completely under percutaneous full- 
endoscopic technique without converting to open surgery (Fig. 
1B)13). Skin incision of 8 mm was made above the medial junction 
of the inferior and superior facet joint (V-point, Fig. 1C), which 
was identified with an intraoperative orthogonal fluoroscopic 
image, the obturator (6.9 mm outer diameter). Working channel
(7.9 mm outer diameter) and endoscope (VertebrisⓇ, Richard 
Wolf GmbH, Knittlingen, Germany) were introduced (Fig. 1D) 
through the incision11-13). The entire operation was performed 
under visual control and continuous irrigation with normal saline, 
which was hung about 1.5 m above patient11,13,27,28). Once the 
soft tissue around the V-point is cleared, access window was 
created by removal of bone around the V-point (Fig. 1C)11-13). 
Descending lamina, ascending lamina, and facet joint were suc-
cessively drilled to create a space of 3-4 mm radius, while the 
size of the space may vary depending on the size and location 
of the herniated disc material11-13). Lateral margins of the dura 
and exiting nerve root were identified after removal of ligamentum 
flavum. Soft tissues and vessels around nerve root were metic-
ulously coagulated to control bleeding. Ruptured disc fragments 
were identified from axillar or shoulder of nerve root and were 
removed in 48 patients. Decompression of nerve root was con-
firmed by both visualization and palpation from points either 
inferior or superior to the nerve root11-13). After the operation, 
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Fig. 1. Surgical procedures. Ⓐ Skeletal fixation with Gardner-well tongue. Ⓑ For right-handed surgeon, the left hand holds
endoscope, and the right hand holds instruments such as drill, forceps and punch. Ⓒ Reconstructed 3-D computed tomography
scan after operation shows that lamina and facet joint are drilled-out from V-point and the foraminotomy is performed (bony
defect inside circle). Ⓓ The endoscope is introduced on the V-point.

Fig. 2. Measurement of 
Cervical angle The C2-C7
tangential method mea- 
sures the angle formed 
at the intersection of ex-
tended tangents drawn at
the posterior margin of C2
and C7 vertebral body.

Fig. 3. Cumulative success rate of the operation. 30/32 (94%)
patients with cervical lordosis ≥10° (group I) showed successful
outcome at 2.3±0.6 months (95% CI, 1.3-3.5). 38/39 (97%) lordosis
<10° (group II) showed successful outcome at mean 1.2±0.1
months (95% CI, 0.98-1.32) after the surgery. Two groups did not
show significant difference in time to reach the clinical end-
point of the surgery (p=0.34).

a closed suction drain was inserted through the working channel 
in case of epidural bleeding and it was removed the next day11-13).

3. Radiological Measurements

Cervical curvature was measured using the C2-C7 tangential 
method on the lateral X-ray (Fig. 2) by an independent medical 
student blinded to the clinical information of patients7,13). 
Negative value of cervical curvature indicates lordosis and pos-
itive value indicates kyphosis. Measurements were performed 
with the tools in the picture archiving and communication systems 
(Marosis, version 5483, Infinitt Healthcare, Seoul, Korea) in 200% 
magnified images, which ran in a Microsoft Windows environment 
(Microsoft Corp., Redmond, WA, USA)10,12,13).

4. Statistical Analysis

For data analysis, patients were grouped according to pre-
operative cervical curvature. Patients with preoperative cervical 
curvature more lordotic than -10° were included in group I 
(n=32), while patients with cervical curvature less lordotic than 

-10° or kyphotic were included in group II (n=39). Student’s pai- 
red t-test and Chi-square test were used to make comparisons 
between the groups. To assess successful outcome of the treat-
ment, clinically important change was defined as Arm-VAS <2.5, 
Neck-VAS <2.5, and NDI <7.5, respectively, in accordance with 
the previous literature2). Kaplan-Meier analysis was utilized to 
assess cumulative success rate during follow-up. Cox-logistic 
regression analysis was performed to assess influence of cervical 
curvature on clinical outcome. Considered co-variates were 
age, sex, side, and disease category (soft disc herniation vs. 
foraminal stenosis). All statistical analyses were completed using 
SPSS (version 22.0, SPSS, Chicago, Illinois, United States), and 
statistical significance was defined as p<0.05 (two-sided).
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Table 1. The characteristics of patients 

Group I
(n=32)

Group II
(n=39)

Total p-value

Age (mean±SD)
(range)

52.4±9
(31–68)

45.9±10.8
(26–70)

48.9±10.5
(26–70)

0.01

Sex (M:F)  19:13 27:12 46:25 0.38

Level

  C3-4 1  1

  C4-5   3 2  5

  C5-6  10 13 23

  C6-7  15 19 34

  C7-T1   4 4  8

Side (R:L) 9:23 19:20 28:43 0.77

Soft disc herniation  22 26 48 0.72

Kyphosis   0 11 11

Clinical follow-up
(mo)

25±19
(1–62)

24±21
(1–61)

25±20
(1–62)

0.79

Radiological 
follow-up (mo)

9±13
(0–55)

10±15
(0-54)

10±14
(0–55)

0.76

Fig. 4. Comparison of clinical outcomes between the two groups.
Group I: preoperative cervical lordosis ≥10°, Group II: preope-
rative cervical lordosis <10°. Preoperative Neck disability index
(NDI), neck pain (NVAS) and arm pain (AVAS) were not different
between the two groups. The clinical parameters were signifi-
cantly decreased in both groups without significant difference
between groups (p>0.05).

Table 2. Clinical outcomes according to the group

　 Mean SD p-value*

NDI preop Group I 23.2 8.3 0.8 

Group II 22.7 8.0 　

　
final Group I  4.2 5.3 0.9 

Group II  4.1 4.3 　

VAS-neck preop Group I  5.3 2.4 1.0 

Group II  5.3 2.9 　

　
final Group I  1.3 1.8 0.9 

Group II  1.3 1.6 　

VAS-arm preop Group I  7.3 2.0 0.9 

Group II  7.4 2.0 　

　
final Group I  1.3 1.6 0.4 

Group II  1.7 2.2 　
*Comparison between group I and II

RESULTS

The characteristics of patients were described in Table 1. 
At the last follow up, 68/71 (96%) patients who underwent cervical 
foraminotomy had significant reduction of arm pain, which was 
set as the primary endpoint of the surgery2). Preoperative arm-VAS 
score significantly decreased from 7.4±2.0 to 1.5±2.0 (p<0.05) 
at the last follow-up. The successful outcome was reached 1.74 
±0.29 months (95% CI; 1.18-2.31) after the operation (Fig. 3). 
Because the patients were followed at pre-determined time 
points, clinically important change of Arm-VAS was regarded 
to have occurred between 1 and 3 month follow ups15). Postope- 
rative arm-VAS of group I and group II were 1.3±1.6 and 1.7±2.2, 
respectively, with no significant difference (p=0.4). Mean time 
to reach the clinical endpoint for the two groups were not 
significantly different (group I vs. group II; 2.3±0.6 vs. 1.2±0.1 
months, p=0.34). As the result of Cox-logistic regression analysis, 
there was no prognostic factor for outcome of the surgery 
(p-value of age, sex, side and disease category: 0.80, 0.83, 0.38 
and 0.64, respectively). Patients without improvement of pain 
did not undergo further surgery. Although 2 out of 68 improved 
patients experienced recurrence of arm pain at 36 and 54 months, 
respectively, the recurred pain was controlled with epidural 
steroid injections.

Neck-VAS and NDI also significantly decreased for group 

I and group II (Table 2). 67 out of 71 (94%) patients reached 
the clinical endpoint for NDI after 2.32±0.39 months (95% CI, 
1.55-3.08), while 66/71 (93%) patients reached the clinical end-
point for neck-VAS after 4.10±0.90 months (95% CI, 2.35-5.86). 
Group I and group II showed no significant difference on Neck- 
VAS and NDI scores (Table 2 and Fig. 4).

Complication occurred in 3 patients. Postoperatively, C6 nerve 
palsy occurred in 1 patient after operation at C5-6. Manual 
motor power was III/V in elbow flexion. The weakness was resolved 
with rehabilitation therapy 6 months after the surgery. Transient 
dysesthesia occurred in 2 patients (due to thermal injury in one 
and dural tear in the other), which persisted less than 1 week 
without sequelae11-13).

1. Case

A 42-year-old female patient presented with right neck pain 
shooting down to forearm and wrist, which started 6 month 
ago. The pain was intractable to medications or epidural injec- 
tions. Her NDI, neck-VAS, and arm-VAS were 35/50, 10/10, and 
10/10, respectively. Preoperative lateral X-ray showed kyphotic 
cervical curvature (3.8°) (Fig. 5A). Preoperative T2-weighted MR 
images showed that right C7 nerve root was compressed by 
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Fig. 5. Case. Ⓐ Preoperative X-ray shows cervical angle of +3.8°
(kyphosis). Ⓑ Preoperative sagittal and axial magnetic resonance
(MR) images show right side soft disc herniation at C6-7 (Arrows).
Ⓒ Intraoperative photo shows ruptured disc compressing nerve
roots at the axilla (left). Ruptured disc was removed (middle)
and decompression is confirmed (right). Both superior and infe-
rior parts of the nerve roots were decompressed. Ⓓ Postope- 
rative sagittal and axial magnetic resonance (MR) images show 
that the right side soft disc herniation at C6-7 has been remo-
ved(Arrows). Ⓔ X-ray taken 12 month after the operation shows 
cervical angle of -13.16° (lordosis).

a herniated disc material (Fig. 5B). P-PECF with discectomy was 
performed at C6-7 (Fig. 5C). Decompression of nerve roots were 
confirmed on MR images (Fig. 5D). At the 12-month follow up 
visit, she reported NDI, neck VAS, and arm VAS to be 0/50, 
0/10, and 0/10, respectively. Patient’s 1-year postoperative x-ray 
image showed recovery of cervical lordosis (-13.16°) (Fig. 5E). 

DISCUSSION

Full endoscopic cervical foraminotomy and diskectomy have 
been gaining evidence as an alternative treatment for patients 
with unilateral radiculopathy due to soft disc herniation or fora-
minal stenosis11-14,20,27,28,33). The objective of the study was to 
examine clinical outcomes of post-PECF and compare the out-
comes between patients with preserved lordosis (≥10°) and 
patients with less lordosis (<10°). Results from our study were 
similar to previous findings13,27,28); more than 80% of the patients 
experienced successful reduction of arm pain between 1 month 

and 3 months postoperatively (mean, 1.74±0.29 months) (pre-op 
arm-VAS: 7.4±2.0; post-op arm VAS: 1.5±2.0; p<0.05). By the 
last follow up, 96% of patients reported no or negligible arm 
pain. Similarly, clinical endpoint of NDI and Neck-VAS was 
reached between 1 and 3 months after the surgery for all patients.

1. Posterior percutaneous endoscopic cervical forami- 
notomy (P-PECF)

Posterior cervical foraminotomy is surgical technique that 
partially removes lamina and facet joint to widen neural foramen 
and decompress nerve roots5,24). This procedure is usually in-
dicated for patients with unilateral radiculopathy. Retrospective 
propensity-score matched study showed that the reoperation 
rate of posterior foraminotomy was comparable to ACDF18). 
Previous studies showed favorable results with minimally invasive 
cervical foraminotomy compared to open foraminotomy12-14,24,27). 
In this regards, P-PECF may be an acceptable treatment for 
patients with narrowing of unilateral neural foramen either by 
soft disc herniation or bony stenosis1,17,25). However, the major 
issue of posterior foraminotomy is postoperative progression 
to cervical kyphosis, and anterior instrumented correction has 
been recommended for this reason. Even with the microscopic 
approach13,25), P-PECF may damage facet joint to destabilize 
the anterior-posterior balance of spinal neural arch complex3,8). 
Nevertheless, outcomes of P-PECF may be different from open 
foraminotomy, because P-PECF still has less surgical trauma 
on facet joint and especially spine muscles8,12,13,25). Therefore, 
P-PECF resolves the issue of open foraminotomy regarding per-
sistent neck pain secondary to muscle tear3,5,6). The data from 
this study also supports P-PECF can effectively resolve neck 
pain (pre-op vs. post-op NDI: 23.0±7.9 vs 4.3±5.4, p<0.05; pre-op 
vs. post-op Neck-VAS: 5.3±2.7 vs. 1.2±1.6; p<0.05). Functional 
change of cervical curvature due to neck pain is less likely 
to occur after P-PECF, and patients may not be as vulnerable 
to progressive angulation as in open foraminotomy13). Hence, 
preexisting loss of lordosis (<10°) may not always be a contra-in-
dication for P-PECF8). We have previously shown that cervical 
curvature did not worsen after P-PECD for patients with pre-
operative cervical lordosis of <10° or kyphosis13). In this study, 
we examined the topic of whether cervical curvature would 
influence clinical outcomes of endoscopic foraminotomy. 96% 
of patients reported successful reduction of clinical symptoms 
(represented in Arm-VAS, NDI and Neck-VAS), and the clinical 
outcomes were not different between patients with lordosis 
≥10° and patients with lordosis <10° (Table 2). This finding is 
along the same line with our previous study, which concluded 
that cervical curvature did not worsen for patients with lordosis 
<10°13). Based on the results of both studies, we suggest that 
preoperative cervical curvature is not related to clinical out-
comes of endoscopic cervical foraminotomy. Nevertheless, the 
surgical damage to facet joint and musculature may offset the 
temporary improvement, and neck or arm pain may worsen 
with time. A long-term follow-up observation is necessary to 
find the trade-off point between natural return of curvature 
and aggravation of curvature because of surgical trauma, which 
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may not be -10° of cervical curvature.

2. Limitation of the present study

This study had several limitations. First, the study is susceptible 
to selection bias because of its retrospective design. The number 
of patients included in this study is small and there may be type 
I statistical error. Secondly, functional change of cervical curvature 
was not clearly defined. We applied P-PECF for patient with predom-
inant arm pain when degenerative change at the disc and facet 
joint were not severe. However, prognostic factor for return of 
the normal curvature is still unclear. This topic will be examined 
in our next study. Moreover, the follow-up periods were not uniform 
across the patients. A larger prospective study is necessary to 
find out ideal surgical candidate for P-PECF. Third, the P-PECF 
is not a wide-spread surgical procedure and there was limitation 
of generalizability. Endoscopic technique has a high learning curve 
that requires considerable amount of training and it may depend 
on expertise of a surgeon3,12,26). Finally, radiological outcomes were 
not included in the present study. Clinical improvement does 
not always indicate successful surgical outcome, and the assess-
ment should be supported with radiological data. Radiological 
analysis will be included in our prospective study. Nonetheless, 
the present study showed feasibility of applying P-PECD to the 
patients who have less cervical lordosis.

CONCLUSION

P-PECF is an effective surgical technique for treating radicular 
pain in patients with foraminal soft disc herniation or stenosis. 
Clinical outcomes of P-PECF was independent of preoperative 
cervical curvature. Therefore, we suggest that P-PECF may be 
a good surgical option to resolve radicular pain symptoms, even 
for patients with loss of cervical curvature. Long-term radio-
logical and clinical outcome analyses are required to further 
investigate on the application of P-PECD to patients with less 
cervical lordosis.
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