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Abstract

Introduction: The nerve fibers innervating the annulus fibrosus are the major origin of degeneration-associated dis-
cogenic pain. Coblation is a tissue-dissociating technique in which the nerve fibers in the degenerative disc tissue are
ablated. We hypothesized that coblation annuloplasty would be an effective maneuver for cervical discogenic pain
without radiculopathy.

Aim: To observe the therapeutic efficacy of coblation annuloplasty in patients with cervical discogenic pain without
radiculopathy.

Material and methods: Forty patients diagnosed with cervical discogenic pain without radiculopathy were screened
for coblation annuloplasty therapy. The patient-rated visual analog scale (VAS) score for pain, significant pain relief
rate, and Modified MacNab pain-relieving effect were adopted to evaluate the therapeutic effect within a 1-year
follow-up period.

Results: Thirty-three patients eventually completed the study. The average pain duration was 4.6 +1.6 years (range:
0.5-8 years). The mean VAS pain score decreased from preoperative 6.8 +0.9 to postoperative 2.5 +1.3 (p < 0.01).
For all participants, the immediate pain relief rate was 78.7% (26/33), which continued to postoperative 6 months.
One year later, 22 (66.6%) subjects reported that their pain was significantly alleviated. According to the Modified
MacNab criteria, 63.6-82.1% considered the effect of surgery for their pain therapy as “excellent” during the 1-year
follow-up period. No significant complications such as hemorrhage, paresthesia, or infection were observed.
Conclusions: This study is the first to demonstrate that coblation annuloplasty is an effective intervention providing
significant alleviation of neck pain from cervical discogenic injury without radiculopathy.
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originate in the spine [4]. The prevalence of neck

Introduction pain was around 15% in individuals who reported

Cervical discogenic pain is a complex pain con-
dition in which algesia and paresthesia present in
the neck area with or without radiculopathy [1]. Its
precise diagnostic criteria are not yet explicitly de-
fined due to the presence of many coexistent and
overlapping radicular and somatic symptoms [2]. An
estimated 2 billion individuals worldwide are afflict-
ed with various types of pain [3]; of them, 24-80%

grade |-V pain intensity [5]; pain is the fourth lead-
ing cause of disability, with an annual prevalence
exceeding 30% [6]. Most of these cervical pain-af-
flicted patients received only conservative thera-
pies, and the rest were given limited interventional
treatments [7, 8]; however, the therapeutic efficacy
of these interventions showed huge variance [9],
from which some researchers created a multimod-
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al program for achieving effective pain relief [10]. It
is of practical importance to determine an effective
method with consistent therapeutic efficacy at con-
trolling cervical discogenic pain (CDP).

Compared to interventions used for lumbar back
pain, neck pain treatments are challenging due to
surgery-related anatomic limitations and the risk of
technique-associated thermal injury to the cervical
nerve root [2, 11]. In addition, more than two-thirds
of cases of discogenic pain are not related to nerve
root compression; rather, they are only derived from
the inflammatory evocation of the nerve fibers dis-
tributed in the outer one-third of the annulus fibro-
sus [12]. These innervating fibers branch from the
interconnected sinuvertebral and vertebral nerves
that convey nociceptive signals up into the cerebral
pain centers [12, 13]. Thus, the conventional thera-
peutic maneuvers cannot produce effective pain re-
lief in cases of CDP because they will not attenuate
the firings of the overactivated discal nerve fibers.
Meanwhile, anti-inflammatory medication injec-
tions concentrating on the sole discogenic pain con-
dition are also not the therapy of choice because
their effectiveness is too short-term [9]. Moreover,
thermal-associated annuloplasty including intra-
discal thermal annuloplasty (IDET), radiofrequen-
cy annuloplasty (RFA), and intradiscal biacuplasty
(IDB) all carry a high risk of injury to the cervical
nerve roots due to their specific anatomic locations.
Therefore, it is critical to identify an intervention
that possesses clinical implications if it can produce
a long-lasting therapeutic effect on CDP without in-
creasing nerve root injury risk over currently avail-
able methods.

Coblation, a tissue dissociating technique inde-
pendent of a heat-driven process, is a broadly ap-
plied medical maneuver with a central temperature
of 40-70°C that produces minimal thermal damage
to the surrounding healthy tissue since its radiofre-
quency current does not pass directly through the
tissue [14]. A thermal mapping study using a por-
cine model demonstrated that the temperature sur-
rounding the coblation probe decreased significantly
in a distance-dependent manner, i.e. the tempera-
tures decreased from 40°C to 20°C to 0°C when the
radius to the probe tip extended from 0 to 1to 5 mm
[15]; a further study showed that coblation is a safe
method of ablating vertebral lesions without harbor-
ing a danger of thermal injury to the spinal cord or
spinal nerves [16]. Although coblation nucleoplasty
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has been a preferred method to treat cervical radic-
ular pain from severe compression of the herniated
nucleus pulposus to the spinal nerves for the past
decade [17, 18], its therapeutic efficacy for discogen-
ic pain is insufficient [19]. We proposed that annu-
loplasty combined with coblation would be an effec-
tive therapeutic choice for cervical discogenic pain
through which both intrinsic nerve fibers innervate
the outer layers of the annulus fibrosus [12] and the
possibly newly ingrown nerves into the central layers
of intervertebral disc are derived from the chronic
degenerative process [20].

Aim
In 2017, we initiated a pilot study to observe the
therapeutic efficacy of coblation annuloplasty in pa-

tients with cervical discogenic pain without radicu-
lopathy in China.

Material and methods
Objects

Ethical approval was obtained from our hospital’s
Institutional Ethics Examining Committee of Human
Research prior to patient recruitment. All partici-
pants provided informed written consent and were
provided a full explanation of the coblation annu-
loplasty and its schematic procedures, benefits, and
potential complications. Recruitment for coblation
annuloplasty for cervical discogenic pain therapy oc-
curred between August 2017 and January 2018. The
data were collected at a university-affiliated tertiary
teaching hospital in China.

All patients enrolled in this study were diagnosed
with sole cervical discogenic pain without radiculop-
athy. Therefore, all participants met the following di-
agnostic criteria: (i) neck pain without radicular pain;
(ii) visual analog scale (VAS) score pain intensity > 4;
(iii) pain duration > 3 months; and (iv) magnetic res-
onance imaging (MRI) findings showing a herniated
disc < 3 mm affecting less than 1/3 of the central
spinal canal.

In addition to the above diagnostic criteria, all in-
cluded patients also met the criteria below for the
coblation annuloplasty procedure: (i) either sex; (ii)
age > 18 years of age and full comprehension of the
surgical procedures and mature physical develop-
ment; (iii) no neurological deficits, such as loss of
sensory, motor, or reflex; and (iv) failure of conser-
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vative management including medication, physical
therapy, and fluoroscopically directed injections.
Patients with any of the following conditions were
excluded: (i) coagulopathy; (i) uncontrolled psycho-
logical or psychiatric disorders; (jii) disc herniation
with sequestration, infection, or spinal instability;
(iv) spinal fracture; (v) spinal tumor; (vi) advanced
spondylosis resulting in osseous foraminal stenosis
or disc space collapse; (vii) surgical history on the
spine at the same cervical level; (viii) allergy to local
anesthetics; (ix) unwillingness to participate in the
study; (x) current or past history of drug addiction
that would affect cognition and judgment; (xi) use
of medications such as analgesics, antipsychotics, or
hypnotics; or (xii) any diagnosed congenital or idio-
pathic or acquired disease of the nervous system.
This pilot prospective observational study aimed
to obtain preliminary data concerning the therapeu-
tic efficacy of coblation annuloplasty for patients
with cervical discogenic pain without radiculopathy.

Procedures

None of the patients received any sedative or an-
ticholinergic medications prior to the surgical proce-
dures. After entering the operating room, the patient
was placed in the supine position with a 10-cm-
thick cushion placed under the shoulder to slightly
extend the neck. Oxygen 3 /min was applied to all
patients via a face mask throughout the procedure.
Etimicin 1.0 g was administered prophylactically
30 min prior to surgery. Fentanyl 50 pg was inject-
ed intravenously to provide analgesia, but no other
sedatives were used to keep the patient conscious
and able to respond to nerve root stimulation during
surgery. Heart and respiratory rate, three-lead elec-
trocardiography, and fingertip digital oximetry were
monitored throughout the process.

Patients were placed in the supine position on
the operation table and a 10-cm cushion was placed
under the shoulder to keep the neck slightly hyper-
extended. The patient’s vital signs were monitored.
After sterilization of the surgical area, 5 ml of lido-
caine 10 mg/ml without adjuvants was used for
local analgesia and patients received a puncture in
a left or right anterior approach under fluoroscopic
guidance on anteroposterior (AP) and lateral views.

First, the puncture angle was confirmed under
fluoroscopic guidance on the AP and lateral views.
Second, an 18-gauge 8-cm introducer needle was
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advanced via a left or right anterior approach to the
target disc. During the puncture, the introducer nee-
dle was inserted slowly and stopped immediately
once a twitch movement was observed or paresthe-
sia was reported by the patient on their correspond-
ing upper limb. Once the introducer needle entered
into the target disc, it was advanced slowly until the
tip reached the opposite posterior annulus-nucleus
junction. We checked the tip position with fluoros-
copy on AP (Photo 1 A) and lateral (Photo 1 B) views.
Third, the coblation wand (UNITEC, China America
United Technology (Beijing) Co. Ltd., Beijing, China)
was inserted into the introducer needle until the its
tip was extended approximately 5 mm beyond the
tip of the needle to ensure the active portion of the
wand was deployed into the annulus. We checked
the wand tip position with fluoroscopy in the AP
(Photo 1 C) and lateral (Photo 1 D) views. We tested
the coagulation with the radiofrequency controller
set at 2’ for 0.5-1 s to ensure that no limb move-
ment or paresthesia occurred. We performed the co-
blation with the radiofrequency controller set at 2" of
intensity to ablate the disc materials by rotating the
wand 360°. Each coblation cycle was less than 10 s,
and a total of three coblation cycles were performed.
We conducted coagulation with the radiofrequency
controller set at 2" intensity for 1-2 s to denature
the adjacent materials and seal the channel. Once
the coblation wand was withdrawn, 2 ml of 0.5%
lidocaine was applied to the introducer needle tract.

Postoperatively, all patients rested in the supine
position in bed for at least 48 h. They were discharged
home with instructions to avoid strenuous activities
and adhere to the following: (1) wear a neck brace at
least 1 week when sitting or walking; (2) discontinue
wearing the neck brace after no more than 1 month to
avoid the potential risk of neck myophagism; (3) avoid
long-lasting head lowering; and (4) keep the cervical
spine in extension and flexion position for no more
than 30-60 min and then relax for at least 10 min.

The primary outcome of the study was the VAS
pain score, in which a 100-mm gauge (0 = no pain,
100 = worst pain imaginable) was used. VAS pain
scores were recorded at 1 week and 1, 3, 6, and
12 months postoperatively.

The following variables were recorded as the sec-
ondary outcomes. Significant pain relief was defined
as postoperative pain relief > 50% compared to pre-
operative values rated at 1 week and 1, 3, 6, and
12 months after surgery. Functional status was qual-
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Photo 1. Introducer needle was advanced to the posterior annulus/nucleus junction at C5/6 as seen in the
anterior-posterior (AP) view (A) and in the lateral view (B), the tip of coblation wand in the posterior annu-
lus at C5/6 as seen in the AP view (C) and in the lateral view (D)

ified as “excellent”, “good”, “fair” and “poor” accord-
ing to the Modified MacNab criteria and recorded at
1, 3, 6, and 12 months postoperatively. Finally, com-
plications such as hemorrhage, paresthesia, and in-
fection were recorded.

Statistical analysis

Statistical analyses were performed using
GraphPad Prism version 5.0 (GraphPad Software,
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Inc., San Diego, CA, USA). All values are expressed
as mean, SD, interquartile range, or numbers. One-
way analysis of variance was used to compare
the repeated measures such as VAS pain scores
among different time points. The Wilcoxon sign
rank test was adopted to evaluate the situation of
significant pain relief and functional status. Sta-
tistical significance was accepted at the level of
p < 0.05.
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Results

A total of 40 patients were recruited; of them,
7 were excluded. Thus, a total of 33 subjects un-
derwent coblation annuloplasty therapy and com-
pleted the study. Of the 7 excluded patients, 2 (5%)
withdrew consent after surgery, 2 (5%) lost contact
during the 1-year follow-up period; 1 (2.5%) had
a coagulation problem due to anticoagulation ther-
apy for a previous cardiac stent, 1 (2.5%) had a sur-
gical history at the same cervical level, and 1 (2.5%)
was taking a hypnotic for sleeping. Table | summariz-
es the demographic, background characteristics, and
baseline vital signs (all were within the physiologic
ranges).

The pain characteristics of our patients are
shown in Table II. The average pain duration was 4.6
+1.6 years (range: 0.5-8 years). Eleven (33.3%) had
C4/5 disc, 21 (63.6%) had C5/6 disc, and 1 (3%) had
C6/7 disc problems.

The average self-rated preoperative pain inten-
sity was 6.8 +0.9, and the surgery significantly al-
leviated pain intensity to 2.5 +1.3; this alleviation

Table I. Demographic characteristics

Coblation annuloplasty in cervical discogenic pain without radiculopathy

continued for 1 year (3.2 £1.2) (p < 0.01 versus pre-
operative values; Figure 1 A). Regarding the signifi-
cant pain relief assessment, the immediate pain-re-
lieving rate was 78.7% (26/33), which continued to
postoperative 6 months; 1 year later, 22 subjects
(66.6%) reported that their pain was significantly al-
leviated (Figure 1 B).

According to the Modified MacNab criteria, 63.6—
82.1% considered the surgery “excellent” as pain
therapy during the 1-year follow-up period, and 12.1-
18.2% reported that it was “poor” during the study
duration (Figure 2). In all studied patients, 9 were
treated with additional analgesics after the surgical
procedures, while 18 reported soreness at the needle
insertion site that completely disappeared in 2 weeks.

No significant complications like hemorrhage,
paresthesia, or infection were observed.

Discussion

In this study, we observed the therapeutic effi-
cacy of coblation annuloplasty in cervical discogenic
pain without radiculopathy. The intervention pro-
duced significant alleviation of cervical pain that
lasted up to 1 year (the entire observation period)
after the surgical procedures. Over 60% of the par-

Parameter N (%), or mean + SD, ticipants considered the treatment “excellent” at re-
or (min—max.) lieving their significant pain.
Gender:

Male 15 (45.5)

Fernale 18 (54.5) Table Il. Pain characteristics of the patients
Age [years] 49 7 (31-61) Variables Values
Duration of pain [years] 4.6 +1.6 (0.5-8) Duration of pain [years]:

Distribution of pain: Mean + SD 46416

Neck base 2(6.0) - B

Range (min.—max.) 0.5-8

Neck base 5(15.2)

Shoulder top Distribution of pain, n (%):

Neck base 10 (30.3) Neck base 2(6.1)

Shoulder top

Upper back Neck base/Shoulder top 5(15.2)

Shoulder top 10 (30.3) Neck base/Shoulder top/Upper back 10 (30.3)

Upper arm

PP Shoulder top/Upper arm 10 (30.3)

Shoulder top 6 (18.2)

Upper back Shoulder top/Upper back/Upper arm 6(18.2)

Upper arm Treated level, n (%):

Treated level:
Cc4/5 11 (33.3)

ca/s 11(33.3)

c5/6 21(63.6) C5/6 21 (63.6)

ce/7 13) ce/7 1(3.0)
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VAS pain at rest (0-10, x10 mm)
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Figure 1. Pain intensity was rated with the VAS gauge at preoperative 1 week and postoperative 1 week
and 1, 3, 6 and 12 months; values are shown as mean + SD, *p < 0.01 versus preoperative value (A); signif-
icant pain relief rate was observed at postoperative 1 week and 1, 3, 6 and 12 months (B)
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Figure 2. Proportion of patients reporting “ex-
cellent”, “good”, “fair”, and “poor” effects at
post-operative 1, 3, 6 and 12 months

This study was the first to apply coblation annu-

loplasty to cervical discogenic pain management.
Our original proposal for the application of the tech-
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nigue to cervical discogenic pain was derived with
the following considerations: (i) cervical degener-
ation is the major cause of neck pain [21]; (ii) the
outer layers of the annulus fibrosis are normally
innervated by interconnected sinuvertebral and
vertebral nerves [12, 13]; (iii) chronic degenerative
annulopathy causes additional nerve fiber ingrowth
into central layers of the annulus fibrosis [20]; and
(iv) chronic inflammatory stimulation to the end
nerve fibers located in the afflicted disc was the ma-
jor contributor to the sole discogenic pain without
radiculopathy [22]. Thus, the pain-relieving effect
of coblation annuloplasty would be as effective as
expected if the nerve fibers innervating the annulus
fibrosis were ablated, at least in a certain range of
time. Our data were in line with this hypothesis, i.e.
the neck pain rated with a VAS gauge was substan-
tially attenuated from ~7.0 to 2.5, a pain-relieving
rate (AVAS/VAS,..)) of 64%, an effect that lasted up
to 1 year, the study observation period.

Regarding coblation annuloplasty, the original
notion on this technique was described by Cesaroni
and Nardi, who described it as follows: “the active
portion of the coblation wand was inserted into the
annulus around 5 mm and make sure that the active
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portion of the wand was deployed into annulus” [23].
The primary aim of that study was to evaluate the
efficacy of coblation nucleoplasty in treating cervical
radicular pain, but their use of coblation nucleoplas-
ty led to coblation annuloplasty. After that, Sim et al.
mentioned a procedure in which the active portion
of the wand did not pass the imaginary line beyond
that connecting the posterior vertebral bodies in the
lateral view [24], suggesting that the active portion
of the coblation wand was inserted in the posteri-
or annulus. Although both studies did not define the
coblation annuloplasty technique, their performance
showed a prototype of coblation annuloplasty.

Regarding the total number of participants need-
ed for this study, our Institutional Ethics Examining
Committee only approved 40 for this pilot trial to ob-
tain preliminary data on the therapeutic effect of co-
blation annuloplasty in cervical discogenic pain with-
out radiculopathy; ultimately, 33 patients completed
the trial. Although the enrolled number of patients
was insufficient to let us draw a confirmative conclu-
sion on the intervention’s effect, we believe that our
findings were reliable enough for our future studies
on this topic. In addition, our study only observed the
effect of single coblation annuloplasty on cervical dis-
cogenic pain therapy. Thus, we are unsure whether
a combination of coblation annuloplasty with other
therapeutics such as injection of anti-inflammatory
medications would be superior to the sole surgical
technique, which requires further investigation, or
a randomized controlled trial should be conducted
to compare their pain-relieving impact, especially re-
garding its long-term therapeutic effect.

Complications such as nerve root injury during
the procedure were the major concern about its
application at the cervical level. In our study, none
of our participants showed any signs or symptoms
of nerve root injury during or after the interven-
tion. A total of 18 patients reported soreness at the
needle insertion site, but it disappeared 2 weeks
postoperatively, suggesting that it is not associated
with nerve root provocation; besides, it has been de-
scribed as the most common side effect of coblation
technology [25]. Moreover, no complications such as
hemorrhage, paresthesia, or infection were observed
in our study, as reported by Nardi et al. [26] and Ce-
saroni and Nardi [27]. Therefore, we concluded that
coblation annuloplasty was a safe and minimally in-
vasive technique for managing cervical discogenic
pain without radiculopathy.
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Some study limitations need to be acknowl-
edged. First, we only followed up all patients for
a l-year period postoperatively, so we cannot claim
that the technique was effective at relieving this
kind of pain for a much longer duration. Second, the
pain duration prior to the surgical procedures was
0.5-8 years. This wide-ranging pain duration makes
the final therapeutic effect vary widely, but we did
not perform stratified analyses of the therapeutic
effect according to pain duration, so our combined
results only reflect an average effect of the tech-
nique. That is, we cannot exclude the possible as-
sociation between different pain durations and the
eventual interventional effect. Third, although the
VAS pain rating system was the widely used gauge,
we cannot eliminate the subjective preference of
patients on their own pain ratings. Fourth, the pa-
tient’s labor type and socioeconomic status were
two important factors affecting their perception of
pain. We did not perform a sub-analysis of the im-
pacts of these two factors on their final pain rating.
Fifth, we cannot exclude the influence of different
extents of disc injury prior to the interventional
surgery on the final therapeutic effects. Finally, co-
blation annuloplasty itself is a blind technique, so it
is difficult for the physician to completely destroy
the nerve endings and remove the inflamed nucleus
and annular fissure, which would undoubtedly re-
duce its therapeutic efficacy.

Conclusions

Coblation annuloplasty provides dramatic allevi-
ation of neck pain rated with VAS scores and the
Modified MacNab score in patients with cervical dis-
cogenic pain without radiculopathy. Few significant
complications were reported, suggesting that cobla-
tion annuloplasty is a feasible and minimally invasive
technique for cervical discogenic pain management.
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