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ABSTRACT

Objective: Little is known about the therapeutic relationship between coblation discoplasty and
cervicogenic dizziness (CGD). CGD can be caused by abnormal proprioceptive inputs from com-
pressed nerve roots, intradiscal mechanoreceptors and nociceptors to the vestibulospinal
nucleus in the degenerative cervical disc. The aim was to analyze the efficacy of coblation disco-
plasty in CGD through intradiscal nerve ablation and disc decompression in a 12-month follow-
up retrospective study.

Methods: From 2015 to 2019, 42 CGD patients who received coblation discolplasty were
recruited as the surgery group, and 22 CGD patients who rejected surgery were recruited as the
conservative group. Using intent-to-treat (ITT) analysis, we retrospectively analyzed the CGD vis-
ual analogue scale (VAS), neck pain VAS, CGD frequency score, and the CGD alleviation rating
throughout a 12-month follow-up period.

Results: Compared with conservative intervention, coblation discoplasty revealed a better recov-
ery trend with effect sizes of 1.76, 2.15, 0.92, 0.78 and 0.81 in CGD VAS, and effect sizes of 1.32,
1.54, 0.93, 0.86 and 0.76in neck pain VAS at post-operative 1week, and 1, 3, 6, 12months,
respectively. The lower CGD frequency score indicated fewer attacks of dizziness until postoper-
ative 3months (p<0.01). At post-operative 12months, the coblation procedure showed
increased satisfactory outcomes of CGD alleviation rating (p <.001, —1.00 of effect size).
Conclusions: Coblation discoplasty significantly improves the severity and frequency of CGD,
which is important inbridging unresponsive conservative intervention and open surgery.
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KEY MESSAGES

e There is a correlation between the degenerative cervical disc and cervicogenic dizzi-
ness (CGD).

e CGD can be caused by abnormal proprioceptive inputs from a compressed nerve root and
intradiscal mechanoreceptors and nociceptors to the vestibulospinal nucleus in the degenera-
tive cervical disc.

e Cervical coblation discoplasty can alleviate CGD through ablating intradiscal nerve endings
and decompressing the nerve root.

Abbreviations: CGD: cervicogenic dizziness; VAS: visual analogue scale; ITT: intent-to-treat

Introduction inferior vestibulospinal nucleus (cervico-vestibular

Cervicogenic dizziness (CGD) is characterized by the pathway), which in turn disrupts the head and neck’s

presence of “lightheadedness or disequilibrium” asso-
ciated with cervical dysfunction [1,2]. This is not to be
confused with the “rotatory” sensation arising from
vestibular pathology [3]. The aetiology of CGD is
attributed to abnormal proprioceptive inputs from cer-
vical proprioceptors into the ipsilateral medial and

orientation in space [4-6]. Studies report that the inci-
dence of dizziness in patients with cervical spondylosis
is ~50% [7], and up to 65% in patients aged over
65 years [8]. Surprisingly, up to 89% of dizziness in
1000 outpatients [1], was diagnosed as CGD, which
negatively affects quality of life.
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Abnormal afferent inputs from the Ruffini cor-
puscles of the facet joints and the muscle spindles to
the vestibulospinal nucleus in the degenerative cer-
vical spine are considered as major pathological sour-
ces of CGD [9-11]. As the essential mechanoreceptive
signal transport pathway in the cervico-vestibulo-cer-
vical loop, cervical nerve root also possibly provokes
CGD because of herniated cervical disc compression
[5,12]. Besides, studies indicated that degenerative cer-
vical discs have an abundant distribution of Ruffini
corpuscles [13,14], which project abnormal propriocep-
tive inputs to C2-C8 of the dorsal root ganglion [15]
and then reach the vestibulospinal nucleus [5]. (Figure
1) The contribution of degenerative cervical discs to
CGD is further identified by desirable improvement
following anterior cervical decompression and
fusion [14,16,171.

To bridge unresponsive conservative therapy and
open surgery, minimally invasive intervention is rec-
ommended in accordance with stepwise therapy prin-
ciples. In a retrospective study, Li et al. [18] found that
cervical vertigo can benefit from coblation nucleo-
plasty. However, limitations included the lack of a con-
trol group and an intradiscal ablation region around
the centre of nucleus, but not annulus which is inner-
vated by Ruffini corpuscles at a high density [13,14].

(ﬁ// 25

Vestibulospinal nucleus

Cervico-vestibular pathway—»

Figure 1. The pathological pathway of cervical dizziness
between cervical structures and vestibulospinal nucleus.
Pathway 1: originating from mechanoreceptors in the facet
joint; pathway 2: originating from muscle spindles; pathway 3:
originating from mechanoreceptors in intradiscal endings.

Starting in 2015, the active portion of the ablation
tip is deployed into both the annulus and nucleus
(Figure 2(a)), which we named as coblaltion disco-
plasty, in our cervical coblation procedure set up [19].
Here we intended to retrospectively analyze 64
patients with CGD who underwent coblation disco-
plasty from May 2015 to January 2019, and to investi-
gate whether CGD can be further alleviated compared
with the conservative intervention approach.

Materials and methods
Characteristics and participants

This retrospective study was performed after obtaining
approval from the Institution’s Ethics Examining
Committee of Human Research. Between May 2015
and January 2019, 64 CGD patients with positive intra-
discal injections of lidocaine were advised to receive
cervical coblation discoplasty. Ages of patients ranged
from 35 to 69years old and duration/diagnosis of CGD
from 1 to 11years. Out of the 64 patients, the 42
patients that received coblation discoplasty were
recruited as the surgery group (group S), while the
remaining 22 patients who rejected surgery were
recruited as the conservative group (group C).

Because “rotatory” sensation is closely linked to ves-
tibular disease [20,21], CGD was accentuated by
“lightheadedness or disequilibrium” sensations [1,2].
The inclusion criteria of coblation procedure was as
follows: (1) met the diagnostic standard of CGD
(Table 1); (2) the CGD severity of visual analogue scale
(VAS) >4; (3) the CGD duration > 6 months; (4) the
neck pain VAS >4; (5) palpation pain or restrictive
mobility of the cervical spine observed by physical
examination; (6) cervical magnetic resonance
imaging(MRI) showed contained herniation disc, not
compromising more than 1/3 of the central spinal
canal, the disc height >50% in comparison to normal
adjacent discs; (7) one stepwise diagnostic procedure
was performed to identify the source of CGD: trigger
point injections to test for neck muscle spindles [9,22],
cervical medial branch block to test for Ruffini cor-
puscles of the facet joint [10,11,23], cervical nerve root
block to inhibit the transmission from peripheral
abnormal inputs to the vestibular nucleus [5,12]. If
short-term or no response to the above procedures
were reported, intradiscal injection of 0.5ml 0.25% of
lidocaine to test positive disc (dizziness relief >50%
after post injection, 1day), because of the
abundances of mechanoreceptor endings distribution
inside [10,16].
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Figure 2. Three distinct ablation regions in the degenerative disc. (a) Mechanoreceptors innervate from annulus into nucleus, 1-
plot indicates the margin of annulus, 2-plot indicates the boundary between annulus and nucleus, and 3-plot indicates the mid-
nucleus; (b—d) Ablation region is in the margin of the annulus, the boundary between annulus and nucleus, and the mid-nucleus,
respectively; (e-g) In C4-5 level, the ablation region is in the margin of the annulus, the boundary between annulus and nucleus,

and the mid-nucleus under fluoroscopic guidance, respectively.

Table 1. Inclusion criteria for cervicogenic dizziness.

Sensation: “lightheadedness or disequilibrium” not “rotatory”;

Onset: gradual, but not acute;

Episode: minutes to hours;

Trigger: neck movement or specific neck position;

Coexistence: neck pain and/or stiffness;

Accompany symptom: headache, shoulder pain, and/or radicular

pain occasionally;

7. Physical examination: palpation for pain and tenderness, limited
cervical range of motion;

8. Intervention: manual therapy, trigger point injection, or nerve block

of neck is positive

Uk wnN =

Patients with the following conditions were
excluded: peripheral vestibular disorders(such as:
benign paroxysmal position vertigo characterized by
acute onset, lasting seconds to 1 min, positional, trig-
gered by movement accompanied by nystagmus;
Meniere’s disease characterized by general onset, last-
ing several hours, not positional, hearing loss, tinnitus,
fullness; vestibular neuronitis characterized by acute
onset, lasting several weeks, central vestibular
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disorders (such as: posterior circulation infraction char-
acterized by sudden acute onset, ataxia, diplopia, cra-
nial nerve defects, limb weakness; tumours
characterized by general onset, brainstem and/or cere-
bellar dysfunction; vestibular migraine characterized
by throbbing headache, vertigo, sensitivity to auditory
or visual sensory stimulation, and oculomotor changes,
bow hunter's symptom, whiplash injury, progressive
cervical myelopathy, spinal fracture, and coagulopathy.

In group S, the coblation discoplasty procedure was
performed under fluoroscopic guidance with anterior-
posterior and lateral views in an operating room
under sterile conditions. Patients were placed in a
supine position with slight hyperextension of the
neck. A puncture was performed using the right or
left anterior approach. The ablation wand tip was
inserted into the disc and guided to the opposite pos-
terior target lesion and annular outer margin, but not
beyond the vertebral body posterior edge (Figure
2(b,e)). After confirming the tip was in a secure pos-
ition without paresthaesia or abnormal movement fol-
lowing 1, sec of coagulation stimuli, ablation was
conducted by rotating the wand 360° with level 2-3
of ablation power. Subsequently, during the with-
drawal process along the puncture route, we contin-
ued to ablate two more regions: one boundary was
between the annulus and nucleus (the midpoint of
line linking the midpoint and posterior margin of disc
lateral view) (Figure 2(cf)), the other was the mid-
nucleus (the midpoint of the disc lateral view) (Figure
2(d,g)). Following the procedures, all patients were
advised to avoid long-term lowering of the head and
to wear a cervical collar for 4weeks. In group C, con-
servative treatment included physical therapy (TENS
therapy), nonsteroidal anti-inflammatory drugs, muscle
relaxants or nerve block injections.

In a 12-month follow-up, the primary outcome was
to gauge the severity of CGD, which was measured
with VAS from 0 to 10 (0 is rated as no severity and
10 worst severity). The secondary outcomes included
CGD frequency score (0=no dizziness; 1= dizziness
less than once per month; 2=1-4 episodes per
month; 3 =1-4 episodes per week; 4 =dizziness once
daily; 5=dizziness more than once a day or constant);
CGD alleviation rating (1-3: 1 is "complete remission";
2 is "partial remission”; 3 is “no-remission”); and neck

Table 2. Demographic data of patients in CGD.

pain VAS from 0 to 10 (0 is rated as no severity and
10 worst severity).

Statistical methods

All data was processed by GraphPad Prism software
version 8.0, and statistical significance was declared at
the level of p<.05 (2-tailed), effect size (Cohen’s d).
Normally distributed continuous data on patient
demographics and dizziness characteristics was
reported as the mean *standard deviation and calcu-
lated using independent samples t-tests, and categor-
ical data were analyzed with the chi-squared test
between the two groups. The intent-to-treat (ITT) ana-
lysis was conducted in the study, and the missing
data with the last observation carried forward imput-
ation method [24]. At different time points during fol-
low-up, the comparison of the VAS and frequency
between groups was analyzed with two-way repeated
measures ANOVA. The CGD alleviation rating at post-
operative 12th month was reported as the medium
[25th quartile to 75th quartile] and calculated with the
Mann-Whitney test.

Results
Participants

No differences in patients’ age, gender, or pain dur-
ation were found between the S and C groups in
Table 2. In group S, because of unsatisfied therapeutic
efficacy, a total number of 3 patients received anterior
cervical decompression and fusion: one at post-opera-
tive month 3, one at month 6 and one at month 9. In
group C, due to unbearable CGD, one patient received
anterior cervical decompression and fusion at post-
conservative treatment month 5. Five patients opted
to receive coblation discoplasty: one at 1 month, two
at 4 months, one at 7 months, and one at 10 months.

CGD VAS

Similar CGD VAS at baseline was shown between
group S (n=42) and group C (n=22) (6.7£0.6 in
group S, and 6.6 £1.0 in group Q). In both groups, the
CGD VAS expectedly declined starting at post-opera-
tive week 1 to post-operative month 12. However, the

Gender, n (%)

Diagnostic level, n (%)

N Age (y) Male Female Duration (y) C3/4 C4/5 C5/6 c6/7
Group-S 42 559 18 (43) 24 (57) 44+23 7 (16) 13 (31) 17 (40) 5(12)
Group-C 22 536 10 (45) 12 (54) 38+13 4 (18) 8 (36) 8 (36) 2(9)




declining trend was more significant in group S than
that in group C during the 12-month follow-up
(22+£1.3 vs. 44+1.1, p<.0001 and effect size with
1.76 (1.16, 2.35) post-operative 1st week; 2.1£1.3 vs.
49+1.2, p<.0001 and effect size with 2.15 (1.52,
2.78)post-operative 1st month; 29+1.7 vs. 44+£1.6,
p=.0004 and effect size with 0.92 (0.38,1.46)post-
operative 3rd month; 3.2+1.6 vs. 45+1.5, p=.0031
and effect size with 0.78 (0.25, 1.31) post-operative 6th
month; 3.1£1.7 vs. 45%+1.8, p=.0011 and effect size
with 0.81 (0.27, 1.36) post-operative 12th month,
respectively) (Table 3 and Figure 3(a)).

Neck pain VAS

No significant difference was found in neck pain VAS
between group S (n=42) and group C (n=22)
(5.8£0.9 in group S, and 5.7+1.0 in group C). After
treatment, both groups showed a recovery trend from
post-operative 1st week to post-operative 12th month.
Furthermore, remarkable improvement was observed
in group S compared to group C (2.2+1.3 vs. 3.8+0.8,
p <.0001 and effect size with 1.32 (0.76, 1.88) post-
operative 1st week; 2.2+ 1.4 vs. 4.1+£0.8, p <.0001 and
effect size with 1.54 (0.96, 2.12) post-operative Tst
month; 2.9+1.5 vs. 42+1.2, p=.0004 and effect size
with 093 (0.39, 1.47) post-operative 3rd month;
31+14 vs. 42+1.2, p=.0043 and effect size with
0.86 (0.33, 1.40) post-operative 6th month; 3.2+ 1.2 vs.
42+1.3, p=.0124 and effect size with 0.76 (0.21, 1.31)
post-operative 12th month, respectively) (Table 3 and
Figure 3(b)).

CGD frequency score

A similar baseline score was shown in group S (n=42)
and group C (n=22) (4.0+0.6 in group S, and
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4.0+0.9 in group C). From post-operative 1st week to
post-operative 12th month, a declining trend was
found in both groups. Compared with group C, a
higher score was reported in group S at post-opera-
tive 1st month and 3rd month 2.2+1.0 vs. 3.4%0.9,
p <.0001 and effect size with 1.17 (0.60, 1.73); and
23+1.0 vs. 33+1.1, p=.0009 and effect size with
0.90 (0.35, 1.45), respectively), but no difference was
shown at post-operative 6st month and 12rd month
(27£1.1 vs. 3.0+1.3, p=.7721 and effect size with
0.45 (-0.08, 0.98); and 2.6+1.0 vs. 3.2+1.3, p=.1123
and effect size with 0.34 (-0.19, 0.87), respectively)
(Table 3 and Figure 3(c)).

CGD alleviation rating

To describe the CGD alleviation rating at 12 months
post-operative, we applied the Mann-Whitney test as
an effective analytic method. Significantly better out-
comes were observed in group S compared with
group C, p=.0005 and effect size with —1.008 (-1.55,
—0.44) (Figure 3(d)).

Complications

Five patients experienced ecchymoma at the needle
insertion site and one patient complained of hoarse-
ness. All patients fully recovered by post-operative
week 2. No other complications were reported from
either group.

Discussion

Although cervical disc degeneration has been identi-
fied as an important pathological origin of CGD - by a
series of studies from clinical observation to immuno-
histochemical staining [13,14], there is little evidence
supporting that coblation discoplasty can alleviate

Table 3. Comparison of CGD VAS, neck pain VAS and CGD score between two groups in 12-month follow-up.

Baseline Post-1w Tm 3m 6 m 12m

CGD VAS

Group-S (n=42) 6.7+0.6 22+13 21+13 29+1.7 32+16 31+1.7

Group-C (n=22) 6.6+1.0 44+1.1 49+1.2 44+1.6 45+15 45+1.8

p Value 6939 <.0001 <.0001 .0004 .0031 .0011
Effect size —0.08 (-0.60, 0.44) 1.76 (1.16, 2.35) 2.15 (1.52, 2.78) 0.92 (0.38, 1.46) 0.78 (0.25, 1.31) 0.81 (0.27, 1.36)
Pain VAS

Group-S (n=42) 58+09 22+13 22+14 29+15 3.1+14 32+1.2

Group-C (n=22) 57+1.0 3.8+0.8 41+0.8 42+1.2 42+12 42+13

p Value .9998 <.0001 .0001 .0004 .0043 .0124
Effect size -0.11 (-0.62, 0.41) 1.32 (0.76, 1.88) 1.54 (0.96, 2.12) 0.93 (0.39, 1.47) 0.86 (0.33, 1.40) 0.76 (0.21, 1.31)
CGD Score

Group-S (n=42) 40+0.6 - 22+1.0 23+1.0 27+1.1 26+1.0

Group-C (n=22) 4.0+0.9 - 34+09 33x1.1 30+13 32+13

p Value >.9999 - <.0001 .0009 7721 1123
Effect size -0.03 (-0.56, 0.49) - 1.17 (0.60, 1.73) 0.90 (0.35, 1.45) 0.45 (-0.08, 0.98) 0.34 (-0.19, 0.87)

Effect size: cohen'’s d (95% Cl).

CGD: cervicogenic dizziness; VAS: visual analog scale; w: week; m: month.
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Figure 3. The efficacy outcomes after coblationdiscoplasty in 12 months follow-up. (a) Comparison of CDG VAS between two
groups; (b) Comparison of neck pain VAS between two groups; (c) Comparison of CGD frequency score between two groups; (d)

Comparison of CGD alleviation rating between two groups. B: baseline; P: post-operative; w: week; m: month; “__

"

indicates

medium; “—>" indicates 25th quartile; “—>" indicates 75th quartile.

CGD in degenerative cervical disc disease. In this
study, compared with aconservative intervention
approach,  coblationdiscoplastyshowed  promising
therapeutic effects on CGD through a tremendous
improvement with an effect size of 1.76, 2.15, 0.92,
0.78 and 0.81 in CGD VAS at post-operative 1week,
and 1, 3, 6, 12 months, respectively.

In this study, we focussed on the “lightheadedness
or disequilibrium” sensations as the main symptom of
CGD, because the “rotatory” sensation is more closely
linked to vestibular disease [20,21]. To target the
muscle spindles in the sub-occipital muscles and the
Ruffini corpuscles of the cervical joint in the cervico-
vestibular pathway, we respectively performed trigger
point injections [22] and a cervical medial branch
block [23]. This was done to rule out the correspond-
ing sensorimotor control dysfunction. Because inflam-
mation or mechanical compression may disrupt the
connection between the cervical nerve root and the
vestibular nucleus [5,12], cervical nerve root block was

adopted to alleviate dizziness before coblation disco-
plasty in our study. Subsequently, the pathological
source of CGD was identified by intradiscal injection
with >50% dizziness relief through anaesthetising the
nociceptive inputs from mechanoreceptor endings
inside [9,17].

As one of the therapeutic mechanisms, the ablation
of the intradiscal Ruffini corpuscles aims to disrupt the
abnormal proprioceptive inputs from the degenerative
cervical disc into the cervico-vestibular pathway.
However, unlike the ablation region, mainly located
on the centre of the nucleus in Li's study [18], we
focussed on 3 regions during the ablation procedure:
the annulus margin, the boundary between the annu-
lus and nucleus, and the midpoint of the nucleus. This
is because the Ruffini corpuscles and nociceptors are
widely distributed from the outer annulus into the
nucleus [13,14,25]. In order to avoid ablating asymp-
tomatic degenerative discs, we chose the single disc
as a therapeutic target and a diagnostic method of



intradiscal injection, which is different from Li's study
that implemented ablation of double or triple
discs [18].

Postural deviations and imbalance are related to
pain-related muscular contractions and facet joint
abnormal positions [26,27]. As a nociceptive stimulus,
pain can alter the function of mechanoreceptors of
the muscle spindle (especially in the upper cervical
region), and further interfere with the neurophysio-
logical connections between the visual and vestibular
systems [28,29]. If an abnormal head and neck orienta-
tion was present in the central nervous system (CNS),
the cervical muscle would lose control of afferent cer-
vical activity in multiple degrees [30]. Therefore, pain
alleviation should be one potential contributor to the
CGD recovery after ablation of intradiscal nociceptors
and decompression of the nerve root. And another
potential therapeutic mechanism should be attributed
to the elimination of abnormal mechanoreceptive sig-
nal transport in the cervico-vestibular pathway due to
decompression of nerve root [5,12].

In addition, because of the unsatisfactory thera-
peutic efficacy in CGD, 5 patients in group C opted to
receive coblation discoplasty. Three of them experi-
enced satisfactory improvement throughout the next
12months, further identifying that there is a link
between dizziness and cervical degenerative disc [31]
and supporting that coblation discoplasty is an effect-
ive procedure to treat CGD [18]. In addition, due to
undesirable coblation outcomes, 3 patients in group S
received open surgery and experienced significant diz-
ziness relief. Dizziness should benefit from the total
removal of intradiscal mechanoreceptors and nocicep-
tors and complete decompression of the nerve
root [13,14,16,17].

Up to the present day, there is no consensus about
the link between cervical disc segment and dizziness.
In this study, the highest percentage of “dizziness” is
C5/6(40%), followed by C4/5(31%) and C3/4(16%),
which is consistent with the percentage distribution of
“dizziness” disc described in previous clinical studies
[13,14,16]. However, the upper cervical discs are con-
sidered the major source of dizziness [17], because the
C2 and C3 spinal ganglions possess the highest dens-
ity of afferent fibres projected into the vestibular
nucleus [5]. To explain CGD relief after treating lower
cervical discs, three reasons are as followed: (1) lower
cervical discs are innervated by the neurons in C2 and
C3 spinal ganglions [15], (2) lower spinal ganglions
possess afferent fibres projected into the vestibular
nucleus, even though they are lower density [5], (3)
degenerative lower cervical discs possess a positive
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association with increased number of Ruffini cor-
puscles [13].

There are some limitations that should be acknowl-
edged. First, we did not perform histologic examin-
ation and immunohistochemical analysis  for
therapeutic disc because removing and collecting the
specimens of degenerative cervical discs during cobla-
tion procedure is hard to achieve. Second, compared
with our retrospective study, randomized clinical con-
trolled trials can more accurately evaluate the out-
comes of coblation discoplasty for CGD. Further basic
and clinical studies are needed to unravel the correl-
ation between CGD and degenerative cervical disc.

In conclusion, our findings show that there is a sig-
nificant recovery trend inthe severity and frequency of
CGD after coblation discoplasty, which is an effective
minimally invasive procedure to bridge unresponsive
conservative intervention and open surgery.
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