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Purpose: Nucleoplasty is a minimally invasive technique that is considered efficacious in
alleviating lumbar disk degenerative low back pain (LBP). The efficacy of nucleoplasty and
identified variables that can predict pain relief for nucleoplasty was reported.

Patients and methods: Between December 2013 and November 2015, 47 nucleoplasty
procedures on 47 lumbar disks in 31 consecutive patients were performed. The outcome was
evaluated using a visual analog scale (VAS) score. Improvements of 250% in VAS scores were
considered substantial pain relief. The variables associated with pain relief after nucleoplasty
included: 1) age; 2) sex; 3) body mass index; 4) hyperintensity zone at the rear of the disk; 5)
hypointensity of the disk; 6) Modic changes of the end plates; 7) spinal instability pain; and 8)
discography results.

Results: Twenty-one patients (67.7%) experienced substantial pain relief. The most common side
effects following nucleoplasty were soreness at the needle puncture site (64.5%), numbness in the
lower leg (12.9%), and increased intensity of back pain (9.7%). All side effects were transient.
Multivariate analysis revealed that the discography results were the most critical predictor for
substantial pain relief of nucleoplasty (P=0.03). The sensitivity and specificity of discography
were 92.8% and 62.5%, respectively.

Conclusion: Discography results could improve the success rate of nucleoplasty in the treat-
ment of disk degenerative LBP.
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Introduction

Lumbar disk degenerative low back pain (LBP) has been estimated in ~28%—40% of
all types of LBP."2 Some patients with disk degenerative LBP improve without requir-
ing intervention. However, some patients develop chronic LBP.* The conventional
treatment for disk degenerative LBP includes rest, narcotic and nonnarcotic analgesia,
behavioral management, and physical therapy. Surgical interventions (discectomy and
spinal fusion) for patients with small, contained degenerative disks are controversial
because the clinical outcomes of the interventions are not favorable.**

Several minimally invasive techniques have been developed to treat disk degen-
erative LBP for several years. Nucleoplasty is a minimally invasive technique that
was first approved by the US Food and Drug Administration in 2000.” Nucleoplasty
reduces intradiscal pressure through a patented coblation technology, in which
bipolar radiofrequency energy is utilized to ablate and remove disk materials.®
Some preliminary reports support the efficacy of nucleoplasty in lumbar disk
degenerative LBP.3-1°
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However, the optimum candidates for nucleoplasty
remain unclear. In this article, the efficacy of nucleoplasty
and identified variables that predict substantial pain relief for
nucleoplasty in management for lumbar disk degenerative
LBP was reported.

Patients and methods

Patients and eligibility

This retrospective study was approved by the E-Da Hospital
Institutional Review Board. Because this is a retrospec-
tive study, no written informed consent was required from
patients according to the Institutional Review Board of E-Da
Hospital. Forty seven nucleoplasty procedures on 47 lumbar
disks in 31 consecutive patients between December 2013
and November 2015 were performed. Patients with lumbar
disk degenerative LBP without radiculopathy were selected
to receive nucleoplasty if they had persistent LBP that was
refractory to conservative treatment for >3 months. All
patients participated in medical history taking, imaging stud-
ies (plain radiography, computed tomography, and MRI), and
physical examinations to exclude other causes of back pain.
The inclusion criteria were as follows: axial back pain with or
without radicular pain, failed conservative care of 23 months,
no neurologic deficit, and disk herniation <5 mm. The exclu-
sion criteria were as follows: sequestered or extruded disk
herniation, spinal fracture, spondylolisthesis, marked spinal
stenosis, progressive neurological deficits, tumor, infection,
heavy opioid usage, uncontrolled psychological disorders,
litigation, disk height <25% of adjacent level, coagulopathies,
and previous spinal surgery on the same level.

Intervention

Nucleoplasty was performed under strict sterile conditions in
an operating room. All patients received intravenous sedation
prior to the procedure to ensure their comfort. A prophylactic
dose of 1 g cefazolin was administered intravenously prior
to the procedure. Twenty-two patients received provoca-
tive discography to identify the painful disks.!! In the other
patients, the therapeutic targets were determined according
to the imaging results (high-intensity zone [HIZ] at the rear
of the disk, hypointensity of the disk, and Modic changes
of the end plates). Standard nucleoplasty procedures, which
were described previously,® were selected for the patients
with painful degenerative disks.

A 17-gage needle was introduced via a posterolateral
approach toward the identified disk level and advanced into
the central portion of the disk under fluoroscopic guidance.
A coblation bipolar device (Perc DLG SpineWand connected
to ArthroCare System 2000; ArthroCare, Austin, TX, USA)

was used in the entire procedure. All patients were observed
for 2—4 hours postoperatively for any complications or neu-
rological deficits related to the procedure.

Outcome

After nucleoplasty, the patients were observed for an average
period of 10 months (range 4—17 months) in outpatient clin-
ics. Changes in pain were recorded by using a visual analog
scale (VAS) ranging from 0 (no pain) to 10 (extremely severe
pain). Improvements of 250% in VAS scores were considered
as substantial pain relief.

Variables
To study variables associated with pain relief after nucleo-
plasty, the following factors of each patient were observed and
analyzed: 1) age; 2) sex; 3) body mass index (BMI); 4) HIZ
at the rear of the disk; 5) hypointensity of the disk; 6) Modic
changes of the end plates; 7) spinal instability pain; and 8) the
discography results. Spinal instability pain is defined as pain
that occurs during flexion, extension, and lifting. HIZ at the rear
of the disk, hypointensity of the disk, and Modic changes of the
end plates (type I and IT)'? were observed in the MRI scans. HIZ
is defined as a bright white signal in T2W images in the pos-
terior annulus of the disk and represents a tear in the posterior
annulus.” The hypointensity of the disk on T2W images,'*'?
resulting in a black disk, is evaluated as a variable associated
with the effects of nucleoplasty. Modic end plates of types I
and II are typically observed in patients with chronic LBP.!¢ In
the present study, Modic type I and II changes were recorded.
Positive discography is defined as concordant pain
reproduction of the examined disk and the absence of pain
on provocation of the nearest disk.!”'® Typically, the targets
of nucleoplasty were selected on the basis of the discogra-
phy results. Some nucleoplasty procedures did not provide
these results. Nine patients received nucleoplasty without
discography data.

Statistical analysis

Patients were grouped based on their substantial pain
reduction, with the purpose to identify potential predictors.
Data were first subjected to univariate analysis using either
chi-square test or Fisher’s exact test, as appropriate, for the
variables sex, HIZ at the rear of the disk, hypointensity of the
disk, Modic changes of the end plates, spinal instability pain,
and the results of discography. The effects of age and BMI
on nucleoplasty were determined using the Student’s -test.
Multivariate analysis with stepwise logistic regression was
performed to determine the predictive factors for improving
the outcomes of nucleoplasty. The findings were considered
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statistically significant if the P-values were <0.05. Data were
analyzed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA).

Results

Table 1 presents the details of clinical characteristics, image
findings, results of discography, and effects of nucleoplasty
for all subjects. In total, 51 nucleoplasty procedures were per-
formed in 31 patients according to the discography or imag-
ing results: 5 nucleoplasty procedures for L34, 28 procedures
for L45, and 18 procedures for L5S1. Twenty-one patients
(67.7%) had substantial pain relief (improvements in VAS
2>50%). This series did not include any major complications.
The most common side effects following nucleoplasty were
as follows: soreness at the needle puncture site (64.5%), new
numbness in the lower leg (12.9%), and increased intensity
of back pain (9.7%). Soreness, numbness, and back pain
subsided in all the patients after 4 weeks.

The results of univariate analysis from the comparison of
the substantial pain relief group and poor pain relief group
are briefly summarized in Table 2. Age differences were
not observed between the groups. Furthermore, sex, BMI,
baseline VAS score, Modic changes of the end plates, and
spinal instability pain were not associated with substantial
pain relief. Patients with HIZ at the rear of the disk (n=24)
and hypointensity of the disk (n=27) showed increased rates
of substantial pain relief. However, the statistical results
were not significant (P=0.17 and P=0.08, respectively). The
discography results showed significant associations with
substantial pain relief (P=0.01).

Furthermore, multivariate analysis with stepwise logistic
regression was performed to determine the most critical
predictor for substantial pain relief. The analysis revealed
that the discography result was the most critical predictor
for substantial pain relief after nucleoplasty (P=0.03). The

Table | Details of 31 consecutive patients with disk degenerative LBP receiving nucleoplasty

Patient Age (years)) BMI Treatment VAS score VAS score Pain HIZ Modic Hypointensity SIP Discography

sex (kg/m?) target before after relief change disk

nucleoplasty nucleoplasty

| 39/F 248 L45 6 0 + + 4+ + + o+
2 49/M 258 L4581 5 2 + + 4+ + + -
3 3I/F 238 L4581 8 6 - - + + -
4 39/F 23.1 L345SI 7 2 + + o+ + + o+
5 56/M 244 L45 4 0 + + = + + NA
6 48/M 20.5 L4551 6 6 - + 4+ + + NA
7 66/F 19 L345 4 2 + + o+ + + o+
8 21/F 25 L5S1 6 | + - - + + o+
9 42/M 335 L45S1 6 5 - + - + +
10 54/F 264 L4551 6 5 - + 4+ + - _
I 70M 29.7 L45 8 0 + + 4+ + + NA
12 59/F 29.6 L45 6 4 - - + + o+
13 24/M 225 L5S1 6 0 + + - + + 4+
14 45/F NA L45 6 2 + - - + + NA
15 64/M 254 L4551 5 2 + + - + + NA
16 85/M 21 L45SI 6 0 - - 4 + + NA
17 37/M 24 L4551 7 3 + + 4+ - - NA
18 67/F 21.8 L45 6 3 + + 4+ + + o+
19 47/M 22.1 L4551 7 0 + + - + + o+
20 50/F 25.5 L45S1 6 5 - + - - + -
21 63/M 222 L34 6 4 - + 4+ + + o+
22 72IM 18.5 L4551 6 5 - + - - - -
23 32/F 21.6 L4551 6 3 + + - + -+
24 63/F 18.5 L45 6 3 + + 4+ + + o+
25 39/M 244 L45S1 5 2 + + 4+ + + NA
26 50/M NA L45 9 3 + + - + - NA
27 70/F 25 L345 5 0 + + o+ + -+
28 60/M 28.2 L45S1 6 | + + 4+ + + o+
29 54/F 244 L345 6 5 - - 4+ - -+
30 45/M 28.7 L45S1 7 2 + + 4+ + + o+
31 46/F 22.4 L45 6 0 + - - + + 4+

Abbreviations: F, female; M, male; LBP, low back pain; BMI, body mass index; VAS, visual analog scale; HIZ, high-intensity zone; SIP, spinal instability pain extension; NA,

not applicable.
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Table 2 Characteristics of patients with substantial pain relief
and those with poor pain relief

Characteristics Substantial pain  Poor pain P-value
relief (n=21) relief (n=10)
Age (years) 49.0+14.6 55.8+15.2 0.25
Sex
Male (n=16) I 5 0.9
Female (n=15) 10 5
BMI (kg/m?) 24.0+2.9 24.5+4.5 0.74
Baseline VAS 6.1+1.2 6.210.6 0.71
HIZ at the rear of the 18 6 0.17
disk (n=24)
Hypointensity of 20 7 0.08
the disk (n=27)
Modic changes of the 12 5 0.71
end plates (n=17)
Spinal instability pain 17 7 0.65
(n=24)
Discography 0.01
Positive (n=16) 13 3
Negative (n=6) | 5

Abbreviations: BMI, body mass index; VAS, visual analog scale; HIZ, high-intensity
zone.

sensitivity and specificity of discography were 92.8% and
62.5%, respectively. The positive predictive value and nega-
tive predictive value were 81.3% and 83.3%, respectively.

Discussion

Nucleoplasty is a minimally invasive technique that was
approved by the US Food and Drug Administration in 2000.”
Using nucleoplasty, the authors aimed to achieve percu-
taneous disk decompression through a patented coblation
technology, which utilizes the bipolar radiofrequency energy
to dissolve the tissue of nucleus pulposus and decrease the
intradiscal pressure. The success rate of substantial pain
relief post nucleoplasty, which has been reported, varies from
6.3% to 84%.3191920 Most studies have reported a success
rate of >50%. The findings of this study are consistent with
those of the previous studies,®*!1%1%2° with 67.7% substantial
pain relief (improvements of 250% in VAS scores) at the
final follow-up.

Furthermore, in the present study, variables that predict
substantial pain relief for nucleoplasty were identified.
To date, the optimum candidates for nucleoplasty remain
unclear. The predicted values of patients’ characteristics,
imaging results, and discography results on nucleoplasty out-
comes were interpreted retrospectively. This study reveals that
positive discography results are associated with substantial
pain relief following nucleoplasty. If the discography results
are positive, 81.3% of patients could obtain substantial pain
relief. If the discography results are negative, only 16.7%
of patients could obtain substantial pain relief. The use of
discography results could facilitate target disk selection and
improve the success rate of nucleoplasty in the treatment of
disk degenerative LBP. A painful disk can be determined
if discography is performed properly.?! A true painful disk
would respond well to a nucleoplasty procedure. The patients
with LBP who failed to respond to nucleoplasty may have
pain from other sources, such as sacroiliac joints and facet
joints.

Although the predictive value is high in this study, discog-
raphy has not been routinely used to determine a painful disk
for nucleoplasty.®!° The validity and accuracy of discography
for the diagnosis of painful disk is arguable.?>* A high rate
of false-positive results of discography has been reported
in asymptomatic participants, patients with chronic pain,
patients who had undergone posterior iliac bone graft har-
vesting procedures, or patients with psychological pathology.
Discography is invasive and involves complications such as
infection, diskitis,* allergy to injection material, and bleed-
ing. Some patients refuse discography because of its invasive
manner and associated complications. Discography also has
some limitations; some subjects had mixed etiologies and
some remained undiagnosed after discography.?> However,
discography showed high specificity (92.8%) in this study.
No patients who received discography in the study showed
related complications.

The utilization of imaging studies for the diagnosis of
degenerative LBP has increased significantly in recent years;

Table 3 Characteristics of image markers and discography for substantial pain relief prediction

Prevalence (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%) +LR (95 % CI) -LR (95% CI)
Discography 63.6 928 62.5 81.3 83.3 2.48 (1.0-6.1) 0.1 (0.02-0.8)
Modic changes of the  67.7 66.7 70.0 823 50.0 2.2 (0.8-6.0) 0.5 (0.2-1)
end plates
HIZ at the rear of the 67.7 85.7 40.0 75.0 57.1 1.43 (0.8-2.4) 0.36 (0.1-1.3)
disk
Hypointensity of the ~ 67.7 95.2 30.0 740 75.0 1.4 (0.9-2.0) 0.14 (0.02-1.3)
disk

Abbreviations: PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood ratio; Cl, confidence interval; —LR, negative likelihood ratio; HIZ,

high-intensity zone.
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the most critical question is whether this improves patient
outcomes. Modic changes of the end plates, hypointensity
of the disk, and HIZ at the rear of the disk on MRI are often
considered as predictive markers for disk degenerative LBP.
In the present study, HIZ at the rear of the disk, hypointen-
sity of the disk, and Modic changes of the end plates did not
provide high sensitivity and specificity for the prediction of
substantial pain relief after nucleoplasty (Table 3). HIZ at
the rear of the disk showed high sensitivity (85.7%) in sub-
stantial pain relief; however, its specificity was low (40%).
Hypointensity of the disk also had high specificity (95.2%)
and low specificity (30%).

Aprill and Bogduk'® described the HIZ as a useful imag-
ing marker of a painful disk (sensitivity 82%; specificity
89%). Schellhas et al*® also reported HIZ as a useful marker
in one retrospective study. HIV as a marker of discogenic
pain was challenged by some reports,'*2” which stated that
sensitivity and specificity of HIZ are not high enough as
a useful marker of discogenic pain. The causes are not
clear. One explanation may be the various definitions of the
HIZ and variability of the gold standard test (provocation
discography). Some studies?”-*® have also shown various
results of the prediction value for Modic changes of the
end plates and hypointensity of the disk as a discogenic
marker. Therefore, the prediction value of such image
markers is not yet established. Image markers for predict-
ing substantial pain relief after nucleoplasty have limited
sensitivity and specificity, which may lead to false-positive
or false-negative results.

Limitations

This study has several limitations. The present study was
a retrospective study with a relatively small sample, which
could create a bias. Subjective VAS scores were used in the
present study for measuring the outcomes. The chart reviews
did not include physical functioning assessments. An objec-
tive tool for LBP physical functioning data could improve
the outcome measurements. The patients were allowed to
receive nucleoplasty despite the absence of discography data
or negative discography results. This could decrease the suc-
cess rate of nucleoplasty.

Conclusion

The pain relief of nucleoplasty for disk degenerative LBP
is ~67.7%. The best outcome predictor for nucleoplasty is
discography. Discography results could improve the success
rate of nucleoplasty for the treatment of disk degenerative
LBP primarily because it would enable the determination of
a painful disk before nucleoplasty.

Disclosure
The authors report no conflicts of interest in this work.
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