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Abstract: Background: Cervical discogenic pain and radicular pain often appear concurrently. Discogenic pain can 
be treated with thermal annular procedures that interrupt annular nociceptors, and radicular pain can be treated 
by decompression of nerve roots; however, there are no effective therapeutic approaches for treating patients with 
concurrent discogenic pain and radicular pain. Objective: This study aimed to evaluate the efficacy of coblation an-
nuloplasty combined with nucleoplasty in treating cervical discogenic pain with concurrent radicular pain. Methods: 
This was a prospective, clinical, observational study of 20 patients with cervical discogenic and radicular pain 
related to contained disc herniation. Patients received coblation annuloplasty combined with nucleoplasty. Pain 
was assessed via the visual analogue scale (VAS) (significant pain relief was defined as VAS improvement ≥ 50%), 
and functional outcome was assessed using the modified MacNab criteria. All patients had 12 months of follow-up. 
Results: General, discogenic and radicular VAS scores significantly decreased from respective preoperative values 
of 7.9 ± 0.7, 6.2 ± 1.0 and 7.7 ± 0.9 to 3.1 ± 1.1, 2.6 ± 1.5 and 2.5 ± 2.0, respectively at 12 months postoperatively. 
Significant relief of general, discogenic and radicular pain at 12 months postoperatively was reported in 15 (75%), 
17 (85%) and 15 (75%) patients, respectively. At postoperative 1, 3, 6 and 12 months, an “excellent” or “good” 
functional outcome was reported in 16 (80%), 16 (80%), 15 (75%) and 15 (75%) patients, respectively. Conclusions: 
Coblation annuloplasty combined with nucleoplasty effectively treated patients with cervical discogenic pain and 
concurrent radicular pain.

Keywords: Cervical disc herniation, discogenic pain, radicular pain, coblation, nucleoplasty, annuloplasty, thermal 
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Introduction

Cervical discogenic pain and radicular pain are 
the most common ailments related to degen-
erative cervical disc disease in modern indus-
trial society; both conditions seriously reduce 
quality of life and bring about enormous socio-
economic burden [1, 2]. Pain related to degen-
erative disc disease is generally managed using 
the stepladder treatment approach from con-
servative therapy to minimally invasive tech-
niques to spinal fusion [3]. Among the various 
minimally invasive techniques, thermal annular 
procedures treat discogenic pain through in- 
terruption of nociceptors in the annulus [4, 5], 
and disc decompression treats radicular pain 
through decompression of nerve roots [6-8]. 
However, there is no one standard effective 
therapeutic approach to treat patients with dis-
cogenic pain and concurrent radicular pain.

To treat patients with discogenic pain and con-
current radicular pain, a therapeutic approach 
combining a thermal annular procedure and 
disc decompression was proposed in 2002 [9]. 
Patients with lumbar discogenic pain and con-
current radicular pain were treated by intradis-
cal electrothermal therapy (IDET) combined 
with coblation nucleoplasty, but no additional 
benefit was observed in clinical efficacy com-
pared with IDET alone [9]. Another study using 
IDET plus coblation nucleoplasty to treat this 
type of pain had a similar clinical outcome [10]; 
the IDET alone was far superior to the com- 
bination of the two techniques [10]. Therefore, 
IDET and coblation nucleoplasty are potentially 
incompatible. 

There is still a need to determine one effective 
therapeutic approach to treat patients with con-
current discogenic and radicular pain, especial-
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ly for cervical degenerative disc disease as  
the cervical anatomy limits the application of 
IDET. Coblation technology is currently used  
to perform nucleoplasty, but coblation tech- 
nology has rarely been used to perform an- 
nuloplasty [11-21]. Coblation nucleoplasty com-
bined with coblation annuloplasty can avoid  
the poor clinical outcomes that resulted from 
the potential incompatibility of IDET and co- 
blation nucleoplasty. The purpose of this study 
was to evaluate the efficacy of coblation annu-
loplasty combined with nucleoplasty to treat 
patients with cervical discogenic and concur-
rent radicular pain secondary to cervical con-
tained disc herniation.

Patients and methods

After the institution’s Ethics Examining Com- 
mittee of Human Research’s approval and writ-
ten informed patient consent, 20 patients com-
plained of cervical discogenic pain with radi- 
cular pain related to contained disc herniation 
scheduled to receive coblation annuloplasty 
combined with coblation nucleoplasty between 
September 2013 and February 2014.

Inclusion criteria

Inclusion criteria for the coblation technology 
were as follows: unilateral cervical discogenic 
pain with radicular pain, the pain VAS ≥ 4, the 
duration of pain ≥ 3 months, contained herni-
ated disc ≤ 6 mm and not compromising more 
than 1/3 of the central spinal canal according 
to magnetic resonance imaging (MRI), no neu-
rological deficits, such as loss of sensory, motor 

Coblation procedure

The procedure was performed in an operating 
room using sterile technique. The patient was 
placed in supine position on the operation 
table, a 10 cm cushion was placed under the 
shoulder to keep neck slightly hyperextend- 
ed and received the vital sign monitoring. Be- 
fore procedure, an intravenous injection etimi-
cin 1.0 g was administered as a prophylactic 
antibiotic. Patients received intravenous injec-
tion fentanil 50 μg and able to respond if a 
nerve root was irritated by thermal or mechani-
cal stimulation. Then, all procedures were per-
formed under local anesthesia.

First, the puncture angle was confirmed under 
fluoroscopic guidance with anterior-posterior 
(AP) and lateral view. Second, an 18-gauge, 
8-cm introducer needle was advanced via a left 
or right anterior approach to the target disc. 
During the puncture process, introducer needle 
was inserted slowly and the advancement was 
stopped immediately when movement or par-
esthesia was occurred in patient’s upper limb. 
Once the introducer needle entered into the 
cervical disc, the advancement should be slow-
ly until the tip reached to the opposite posterior 
annulus/nucleus junction and the position of 
tip should be checked carefully in AP and later-
al view. Third, the coblation wand (UNITEC, 
China America United Technology (Beijing) Co. 
Ltd, China) was inserted into the introducer 
needle until the its tip was extended appro- 
ximately 5 mm beyond the tip of the needle in 
order to ensure that the active portion of wand 

Table 1. Demographic characteristic
Gender N (%) Male 7 (35)

Female 13 (65)
Age (years) Mean ± SD 50 ± 8

Range 33-63
Pain VAS score General Mean ± SD 7.9 ± 0.7

Range 6-9
Discogenic Mean ± SD 6.2 ± 1.0

Range 5-9
Radicular Mean ± SD 7.7 ± 0.9

Range 7-9
Duration of pain (years) Mean ± SD 4 ± 2

Range 1-10
Treated Level N (%) C4/5 4 (20)

C5/6 16 (80)

or reflex, unresponse to conservative man-
agement including medication, physical 
therapy and epidural injection therapies, 
and a positive one-level provocation dis-
cography, revealed at least 7 of 10 concor-
dant pain at the abnormal disc along with 
a normal adjacent control disc. 

Exclusion criteria

Patients affected by coagulopathy, disc 
herniation with sequestration, infection, 
spinal instability, spinal fractures, tumor, 
advanced spondylosis resulting on osse-
ous foraminal stenosis or disc space  
collapse, previous spinal surgery on the 
same level, uncontrolled psychological 
disorders.
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Table 2. Location of pain and quality of pain before operation for 20 patients

Subject Gender Pre-VAS
Location of pain (quality of pain)

Neck Shoulder Scapular Chest Upperarm Forearm Finger
1 M 6 N Y (A\D) Y (A\D) N Y (A\D) Y (D\L) N
2 M 7 Y (A) Y (A) Y (A\L) N Y (A\S) Y (L) Y (L)
3 F 9 N Y (A\S) Y (L) N Y (L) Y (L) Y (L)
4 F 8 N Y (A) Y (D) N Y (S) Y (S\L) Y (S\L)
5 F 7 Y (A\D) Y (A\D) Y (A\D) N Y (A\S) Y (A\S) N
6 F 9 N Y (L) Y (L) Y (L) Y (S) Y (L) Y (L)
7 M 9 N N Y (L) N Y (L) Y (L) Y (L)
8 F 7 Y (A) Y (A\D) Y (D) N Y (D\S) Y (S) Y (S)
9 M 8 N N Y (D\L) N Y (S) Y (S\L) Y (S\L)
10 M 6 Y (A\D) Y (A\D) Y (A\D) N Y (A\D) Y (A\D) N
11 F 7 Y (A) Y (A\D) Y (L) Y (D\S) Y (S) Y (S) Y (S)
12 M 8 Y (A) Y (A) Y (B) N Y (B) Y (B) Y (B)
13 F 8 N N Y (L) N Y (S) Y (L) Y (L)
14 M 8 N N Y (D) N Y (D) Y (D\L) Y (D\L)
15 F 7 Y (A\D) Y (A\D) Y (A\D) N Y (A\D) Y (S) N
16 F 7 Y (A) Y (A) Y (A) N Y (S) Y (S) Y (S)
17 F 9 Y (A) Y (A) Y (A\D) N Y (L) Y (L) Y (L)
18 M 8 N N Y (B) N Y (B) Y (B) Y (B)
19 F 7 Y (D) Y (D) Y (D) N Y (D\S) Y (D\S) Y (S)
20 F 8 Y (A\D) Y (A\D) Y (L) N Y (L) Y (L) Y (L)
Y: Yes; N: No. Quality of pain: A: Ache; D: Dull pain; S: Swelling pain; L: Lancinating pain; B: Beyond description.

was deployed into the annulus [16], and the 
position of wand tip was checked in AP and lat-
eral view again. Fourth, coagulation was tested 
with the radio-frequency controller set at 2’ for 
1/2-1 second to check that there was no move-
ment or paresthesia in the patient’s upper 
limbs. Fifth, coablation mode was carried out 
with the radio-frequency controller set at 2’ of 
intensity for 1-10 seconds to ablate disc materi-
als by rotating the wand 360°. Then, coagula-
tion mode was carried out with controller set at 
2’ of intensity for 1-2 seconds to denature adja-
cent materials and seal channel. After this, the 
tip of introducer needle was retreated to the 
anterior annulus/nucleus junction center of 
disc and the active portion of wand was insert-
ed into the nucleus, and the position of tip is 
checked carefully again in AP and lateral view. 
The coablation and coagulation modes were 
performed again following the above steps if no 
movement or paresthesia in the patient’s upper 
extremities was reported. After withdraw of the 
wand, 2 ml of 0.5% lidocaine was injected into 
the introducer needle tract. All patients took 
the bed rest in the supine position for 48 hours. 
After discharged from hospital, patients were 
advised to avoid strenuous activities.

Therapeutic efficacy assessment 

Clinical improvement of pain after coblation 
technology, as the primary outcome, was 
assessed with pain VAS score (ranging from 0 
to 10) at 1 week, and 1, 3, 6, 12 months post-
operatively. The following variables were 
recorded as the secondary outcomes: signifi-
cant (≥ 50%) pain relief was recorded at 1 
week, and 1, 3, 6, 12 months postoperatively; 
patient’s function status was evaluated with 
“excellent”, “good”, “fair” and “poor” according 
to the Modified MacNab criteria at 1, 3, 6 and 
12 months postoperatively; pain medication 
intake was assessed at 1, 3, 6 and 12 months 
postoperatively. Finally, complications such as 
hemorrhages, paresthesia or infection were 
recorded. 

Statistics

Statistical analyses were performed by using 
GraphPad Prism version 5.0 (GraphPad Soft- 
ware Inc, San Diego, CA). Patient’s demogra- 
phic and baseline clinical data were analy- 
zed descriptively. The pain VAS score between 
the preoperative and postoperative time points 
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was compared using repeated measures analy-
sis of variance (ANOVA) test. The clinical results 
of significant pain relief, patients satisfaction 
and pain medicine intake were evaluated with 
the Wilcoxon sign rank test. A value of P < 0.05 
was considered statistically significant in all 
analyses. 

Results 

Demographic characteristic

20 patients suffering from cervical discogenic 
pain and radicular pain received coblation 
annuloplasty and coblation nucleoplasty, male 
7 and female 13. The mean pain VAS score was 
7.7 ± 0.9 (ranging from 5-9), mean age was 50 
± 8 year-old (ranging from 33-63 year-old), and 
average duration of pain was 4 ± 2 years (rang-
ing from 1-10 years). The C4/5 disc level was 
treated in 4 cases (20%), C5/6 in 16 cases 
(80%) with coblation technology (Table 1). The 
detailed information of location and quality of 
pain before operation was showed in Table 2.

Compared with 7.9 ± 0.7 of pre-operation, the 
general pain VAS score significantly decreased 
to 2.9 ± 1.7 (P < 0.05), 2.9 ± 1.3 (P < 0.05), 3.1 
± 1.3 (P < 0.05), 2.6 ± 1.4 (P < 0.05) and 3.1 ± 
1.1 (P < 0.05) at post-operative 1 week and 1, 
3, 6 and 12 months, respectively (Figure 1). 
And 17 (85%) of patients reported significant (≥ 

Compared with 7.7±0.9 of pre-operation, the 
radicular pain VAS score significantly decreased 
to 3.1 ± 1.7 (P < 0.05), 1.6 ± 0.9 (P < 0.05), 1.7 
± 1.0 (P < 0.05), 2.0 ± 1.4 (P < 0.05) and 2.5 ± 
2.0 (P < 0.05) at post-operative 1 week and 1, 
3, 6 and 12 months, respectively (Figure 1). 
And 14 (60%) of patients reported significant (≥ 
50%) pain relief at post-operative 1 week, 15 
(80%) at 1 month, 16 (85%) at 3 months, 17 
(80%) at 6 months, and 15 (75%) at 12 months 
(Figure 2).

In according to the Modified MacNab criteria, 
no difference was found in the portion of “excel-
lent” or “good”. At post-operative 1, 3, 6 and 12 
months, the proportion of “excellent” or “good” 
was 16 (80%), 16 (80%), 15 (75%), and 15 
(75%), the proportion of “fair” was 2 (10%), 1 
(5%), 2 (10%), 2 (10%), and the proportion of 
“poor” was 2 (10%), 3 (15%), 3 (15%) and 3 
(15%), respectively (Figure 3). 

16 (80%) patients reported a significant reduc-
tion (≥ 50%) in pain medicine intake at post-
operative 1 and 3 months, 15 (75%) patients  
at 6 and 12 months (Figure 3). 16 (80%) pa- 
tients didn’t take pain medicine at post-opera-
tive 1 month, 15 (75%) patients at 3 and 6 
months, and 14 (60%) patients at 12 months.

6 (30%) patients reported soreness and 3 
(15%) patients experienced ecchymoma at the 

Figure 1. General, discogenic and radicular pain VAS score at pre-operation 
and post-operative 1 week and 1, 3, 6 and 12 months. Values are shown as 
means (error bars: 95% CI for mean). *Indicates significant difference with 
pre-operation.

50%) pain relief at post-oper- 
ative 1 week and 1 month,  
16 (80%) at 3 and 6 months, 
and 15 (75%) at 12 months 
(Figure 2). 

Compared with 6.2±1.0 of 
pre-operation, the discogenic 
pain VAS score significantly 
decreased to 2.2 ± 1.4 (P < 
0.05), 2.1 ± 1.4 (P < 0.05), 
2.2 ± 1.0 (P < 0.05), 2.2 ± 1.4 
(P < 0.05) and 2.6 ± 1.5 (P < 
0.05) at post-operative 1 
week and 1, 3, 6 and 12 
months, respectively (Figure 
1). And 18 (90%) of patients 
reported significant (≥ 50%) 
pain relief at post-operative 1 
week, 17 (85%) at 1 and 3 
month, and 16 (80%) at 6 and 
12 months (Figure 2). 
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needle insertion site, but the symptoms com-
pletely disappeared in two weeks after opera-
tion. No hemorrhages, paresthesia or infection 
were observed. 

Discussion

Coblation annuloplasty combined with cobla-
tion nucleoplasty significantly decreased pain 
intensity, significantly improved functional sta-
tus, and markedly reduced pain medication in- 

difficult to confirm the therapeutic role of cobla-
tion nucleoplasty in treating cervical discogenic 
pain. Because the major origin of discogenic 
pain has been confirmed as the innervated 
outer annulus, not the nerves growing into the 
nucleus along annular tears [22], the therapeu-
tic role of coblation nucleoplasty in treating dis-
cogenic pain is uncertain.

Two previous studies investigated the use of 
coblation nucleoplasty combined with IDET to 

Figure 2. Proportion of patients expressed significant (≥ 50%) relief in gen-
eral, discogenic and radicular pain at post-operative 1 week, and 1, 3, 6 and 
12 months.

Figure 3. Proportion of patients expressed “excellent” or “good”, “fair” and 
“poor” at post-operative 1, 3, 6 and 12 months.

take in patients with cervical 
discogenic pain and concur-
rent radicular pain after 12 
months of follow-up. 

Coblation nucleoplasty has 
been performed to treat pain 
related to degenerative cer- 
vical disc disease for over  
a decade [21]. This technique 
ablates nucleus material and 
decompresses nerve roots, 
resulting in significant impro- 
vement in cervical radicular 
pain [18, 20]; a 2006 study 
investigating the feasibility, 
safety and efficacy of cobla-
tion nucleoplasty in 55 pa- 
tients with radicular pain re- 
lated to contained disc her- 
niation reported a significant 
improvement in pain VAS 
score and functional status 
over a 29-month period [20], 
and a 2010 study investigat-
ing coblation nucleoplasty in 
47 patients with radicular 
pain related to contained  
disc herniation reported that 
VAS score and neck disabi- 
lity index were significantly 
improved after 24 months of 
follow-up [18]. However, clini-
cal efficacy data of cobla- 
tion nucleoplasty in treating 
cervical discogenic pain are 
limited.

To date, cervical discogenic 
pain has only been consid-
ered as a secondary symptom 
to be evaluated after cobla-
tion nucleoplasty treatment 
[15, 16, 19]; this has made it 
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alleviate radicular pain and discogenic pain 
simultaneously [9, 10]; however, this approach 
was only assessed in lumbar degenerative dis-
eases. This may be because the relatively nar-
row anatomic structure of the cervical spine 
compared with the lumbar spine can lead to 
technical difficulties and potential heat injury to 
cervical nerve roots during IDET [5, 23]. Unlike 
IDET, coblation technology is not a heat-driven 
process. A thermal mapping study in the por-
cine model showed that the subject’s skin tem-
perature during coblation decreased from 20°C 
to 0°C when the distance from the tip of the 
wand was increased from 1 mm to 5 mm [24]; 
the radius of the thermal zone of coagulation is 
approximately 1 mm when the wand is moved 
at a speed of 0.5 cm/s [25]. These temperature 
properties indicate that coblation annuloplasty 
should be a reasonable complementary treat-
ment for cervical discogenic pain.  

In the present study, concordant pain during 
coblation annuloplasty or nucleoplasty was 
reported by eight and five patients respectively. 
The concordant pain was located mainly in the 
neck, back, scapular and shoulder, but not over 
the elbow joint; this is similar to the characteris-
tics of cervical discogenic pain described in a 
previous study [26]. The provocation of con-
cordant pain may be owing to interruption of 
nerves in the nucleolus or annulus during abla-
tion and coagulation, indicating that coblation 
annuloplasty and nucleoplasty are complemen-
tary approaches that interrupt the nerves 
involved in cervical discogenic pain. In the pre-
sent study, 80% of patients reported significant 
relief of discogenic pain at 12 months postop-
eratively. These encouraging clinical outcomes 
are potentially the result of the combination of 
coblation annuloplasty and nucleoplasty.

Unlike discogenic pain, radicular pain was not 
provoked during coblation annuloplasty or 
nucleoplasty in the present study. If radicular 
pain (radiation of electric shock-type pain into 
the fingers [26]) was experienced during the 
procedure, the procedure would have been 
stopped. This is because the principle in treat-
ing radicular pain is to depress, but not irritate, 
the nerve root [7]. In the present study, 75%  
of patients reported significant relief of radicu-
lar pain at the 12-month follow-up. Although 
similar positive clinical outcomes using cob- 
lation nucleoplasty to treat cervical radicular 
pain have been published [18, 20], it is hard  
to determine whether the clinical efficacy origi-

nated from coblation nucleoplasty in the pre-
sent study. The significant pain relief could 
potentially be owing to coblation annuloplasty 
alone or to the combination of annuloplasty 
with nucleoplasty; further research is needed 
to investigate this. 

In the present study, six patients experienced 
soreness and three patients experienced 
ecchymoma at the needle insertion site, but 
the symptoms had completely disappeared  
by 2 weeks after surgery. Soreness and ecchy-
moma are the most commonly reported side 
effects of coblation technology [27]. No ha- 
emorrhage, paraesthesia or infection were ob- 
served in our study. 

There were some limitations to the present 
study. First, there was no control or placebo; 
this was because conducting a blinded, ran-
domised, placebo-controlled study was prohibi-
tively expensive and logistically difficult in a 
practice setting. The efficacy of coblation annu-
loplasty or nucleoplasty in treating cervical dis-
cogenic and radicular pain should be evaluated 
separately in future research. Second, the sam-
ple size was small and may not be generalisa-
ble to all patient populations; however, our 
study will help to provide a preliminary frame-
work for the planning of future prospective, ran-
domised, controlled studies. Third, coblation 
annuloplasty or nucleoplasty itself is a blind 
technique, so it was difficult for the physician to 
completely deploy the tip of the wand in the 
annulus or nucleolus; the phrase “coblation 
annuloplasty” or “coblation nucleoplasty” was 
a more accurate description of the procedure 
used in this study.

Conclusion

The approach of coblation annuloplasty com-
bined with nucleoplasty significantly improve 
pain intensity and functional status in patients 
with cervical discogenic and radicualr pain, 
which is an effective, safe, minimally-invasive 
and less uncomfortable procedure. 
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