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CT-Guided Nucleoplasty: Preliminary Experience

Tilman Wolter', Mohsen Mohadjer', Stefan M. Knoeller', Ansgar Berlis?

Introduction
In the last years, nucleoplasty has become a standard
treatment for low back pain and radicular pain due to
disk protrusion. Some authors have reported favorable
results with success rates between 70% and 80% [1-5].
Others have pointed out preliminary positive experienc-
es with this new technique without significant adverse ef-
fects [6]. Marin published a series of 51 patients with pain
improvement in 80% of the patients at 6- to 12-month
follow-up. None of these patients deteriorated [2].

Also the first randomized study of nucleoplasty
which was recently published by Nardi et al. supports
these findings. 80% of the 50 patients treated with cervi-
cal nucleoplasty had complete resolution of the symp-
toms. In 10% of the patients, there still was some resid-
ual (radicular) pain [7].

In 2005, however, Boswell et al. stated that there
was limited evidence for nucleoplasty in managing lum-
bar discogenic pain [8]. Recently, Freeman & Mehdian
reported that there are no published randomized con-
trolled trials assessing coblation technology (nucleo-
plasty) [9].

In a study on human cadavers, intradiscal pressure was
markedly reduced in the younger, healthy disk cadaver. In
the older, degenerative disk cadavers, the change in intra-
discal pressure after nucleoplasty was very small. There
was an inverse correlation between the degree of disk de-
generation and the change of intradiscal pressure [10].

In most of the cases, nucleoplasty is performed un-
der fluoroscopic control in general anesthesia or in mild
sedation. Planning of the trajectory is done with the help
of Kambin's triangle (Figure 1) [11]. This, however, still
carries the risk of unadverted damage to the nerve root,
which then due to general anesthesia cannot be noticed
by the surgeon.
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Alexandre et al. pointed out that principal risks are
damage to the root along with puncture and conduction
of the electrical stimulus when the spine wand is not per-
fectly located (besides the risks of perforation of vessels
and of infection) [3]. General anesthesia is often used
for two reasons. On the one hand, surely the perforation
of the anulus fibrosus, on the other hand, unintentional,
even slight contact to the nerve root is painful.

The frequency of nerve root damage during nucleo-
plasty remains unclear. Gerszten et al. described no
nerve root injuries in a series of 67 patients [12] whereas
Bhagia et al. observed new numbness and tingling in
26% and new areas of back pain in 15% of 53 patients
[13] which, from our point of view, hint at nerve root
damage. However, it can be assumed that some patients
encounter damage to the nerve root during nucleoplas-
ty. In a recent review about complications of intradiscal
procedures, it is stated that “there is no evidence to sug-
gest that there is a higher complication rate associated
with the use of this largebore introducer. Nonetheless, it
stands to reason that use of a larger needle may well
lead to greater neural injury in the event of contact with
a neural structure® [14]. The introducer used in nucleo-
plasty is 17 gauge whereas the needle typically used in
discography is 22-25 gauge.

Theoretically, the risk of nerve root damage could
be reduced by performing the procedure under com-
puted tomography (CT) guidance. The purpose of this
retrospective study was to determine if CT-guided nu-
cleoplasty is feasible.

Patients and Interventions
Nine patients (seven male, two female) with a median
age of 37.9 years (16-59 years) were treated. The anam-
nesis was recorded and a pain analysis and clinical ex-
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Figure 1. Kambin's triangle: the black triangle represents the zone
in which the disk can be entered without risk of nerve root damage
(modified from [11]).

amination were carried out at the Interdisciplinary Pain
Center, University Hospital Freiburg, Germany. All pa-
tients from low back pain and four patients suffered
from additional radicular pain (Table 1). In all patients,
pain had been lasting for a period of at least
3 months and it had been refractory to physiotherapy
and analgetic medication.

Magnetic resonance (MR) and CT examinations
showed lumbar disk protrusion in all patients. Written
informed consent was obtained prior to the procedure.

For planning of the trajectory, the whole disk was
examined in the multislice CT scanner (Siemens Medi-
cal Solutions, type Somatom Sensation 16). After iden-
tification of the nerve root, the trajectory was defined
(Figure 2). After disinfection and sterile draping, nu-
cleoplasty was performed in local anesthesia of the skin
with 5 ml xylocaine 2%. The 17-gauge, 6-inch Crawford
needle (Arthro Care Spine, Inc., Sunnyvale, CA, USA)
was placed at the point marked before and inserted ac-
cording to the preassigned trajectory. When the annulus
was reached, a CT scan verified the correct position of
the cannula (Figure 3). In some patients, 1-2 ml of local
anesthetic was applied in order to reduce the pain caused
by penetration of the anulus fibrosus. After positioning
of the cannula inside the disk, a further CT scan was
performed to assure the optimal position of the nucleo-
plasty device. From this scan the distance from the nee-
dle tip to the contralateral margins of the disk could be
measured, in order to securely avoid ventral perforation
(Figure 4). Finally, the spine wand (ArthroCare Spine,
Inc.) was inserted and nucleoplasty was performed cre-
ating six to eight channels turning the nucleoplasty de-

Figure 2. Calculation of the trajectory.

vice clockwise. A postprocedural CT scan of the whole
disk verified the amount of tissue reduction (Figure 5)
and excluded side effects like hemorrhage. Outpatient
follow-up was at 6 weeks and 6 months post procedure
and included a clinical examination and pain analysis.

Results
All of the nine patients treated had disk protrusions at
the L4/5 level. Injury to the nerve root did not occur. All
patients reported at least partial pain relief directly after
the procedure. At 6-week follow-up, four patients were
free of pain, two patients showed constant but signifi-
cantly reduced pain, and three patients suffered from
recurrent pain. At 6-month follow-up, two patients were
free of pain, one patient had constant significant pain
reduction. These patients were back at work. Six pa-
tients had recurrent pain (Table 1).

None of the patients had signs of radicular damage
like occurrence of new radicular pain, numbness, motor
deficit or causalgia during or secondary to the proce-
dure.

Mean duration of symptoms before nucleoplasty in
the three patients with excellent or good outcome was
28.6 months, in those patients who had no benefit it was
79.8 months.

Discussion
Nucleoplasty seems to be indicated when lumbar disk
protrusion causes either low back pain by compression
of the posterior longitudinal ligament or radicular pain
by compression of the adjacent nerve root, or in a com-
bination of both. Sequestrated prolapses are not suit-



Figure 3. Positioning of the cannula.

Figure 4. Calculation of the remaining intradiscal distance after posi-

tioning of the cannula.

Figure 5. Lumbar disk L4/5 a) before and b) immediately after CT-guided nucleoplasty.

Table 1. Patient data regarding pain characteristics (LBP: low back pain, Ls: radicular pain in
the L5 dermatome). Outcome at 6-week and 6-month follow-up and preinterventional pain
duration. Excellent: total resolution of clinical picture and full resumption of daily activities;
good: fairly total resolution of pain with rather good quality of life; scanty: insignificant pain
resolution and inability to take up normal daily activities; none: no results both on pain and
clinical field. F: female; M: male.

Sex Age

Preinterven-

6-week follow-up 6-month follow-up Preinterventional

(vears) tional pain/dermatome duration of pain
(months)
M 49 LBP > L5 left Excellent Scanty 156
M 43 LBP Excellent Scanty 21
M 16 LBP Excellent Scanty 5
M 33 bilateral L5 = LBP Scanty None 108
F 35 L4 right > LBP Excellent Excellent 7
F 29 LBP Scanty Scanty 168
M 36 LBP None None 21
M 59 LBP > L5 left Good Good 33
M 4 LBP Excellent Excellent 46

able for nucleoplasty because a re-
duction of intradiscal pressure does
not influence the position of the se-
questrated prolapse. Conservative
therapy should have been performed
for at least 3 months.

Pain reduction in our study is
considerably worse than in other
studies. This was probably due to
patient selection rather than to the
targeting technique. Our institution
is a national academic pain center
and most of our low back pain pa-
tients are suffering from highly
chronic complaints often complicat-
ed by depression and/or anxiety dis-
orders. Patientsin the series of Marin
had a mean duration of pain of 18
months. After treatment, 80% of the
cases showed a good or very good
improvement in pain scores [2]. In
our study, mean duration of pain
was 28.6 months in the group of pa-
tients who had a good pain relief and
79.8 months in those patients who
did not benefit from the procedure.
Yakovlev et al. published a series of
22 patients in which mean pain
scores decreased for 54.5%, 72.7%,
72.7%, and 72.7% of patients at 1-,
3-, 6-, and 12-month follow-up, re-



spectively. In this study, history of alcohol or drug abuse
was significantly associated with a poor outcome [15].
Previously, in a study of patients following minimally
invasive diskectomy, a history of alcohol and drug abuse,
psychological distress, and depression had been associ-
ated with poorer outcomes [16].

Though these observations are not statistically sig-
nificant, they do at least hint at an inverse correlation
between duration of symptoms and outcome after nu-
cleoplasty and may give an explanation of the relatively
poor outcomes in our patients.

Performing nucleoplasty under conditions of CT
guidance has a couple of advantages. The risk of nerve
root damage might be apparently lower than under flu-
oroscopic guidance, because the CT scan allows a safe
approach after secure identification of the nerve root.
Although the insertion of the cannula along the trajec-
tory cannot be observed in real time, intraprocedural
CT scans allow that the needle does not affect the nerve
root. Moreover, they can demonstrate the close rela-
tionship of the needle and the annulus. This allows exact
application of small amounts of local anesthetics to re-
duce the intensity of pain during perforation of the an-
nulus which otherwise would make either general or at
least short-term anesthesia necessary.

Under CT guidance a more precise designation of
the target point of the needle and of the nucleoplasty
device is possible. Moreover, the CT examination of the
disk allows to closely assess the amount of tissue reduc-
tion achieved during the procedure.

The use of a CT scanner monitor directly be aside
the patient table prevents a time-consuming procedure.
Of course not every center performing nucleoplasty will
be in a position to offer CT guidance for nucleoplasty. If
both methods, fluoroscopic and CT guidance are avail-
able, CT guidance might be a favorable alternative to
avoid iatrogenic damage and ensure high treatment
quality.
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