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Abstract Percutaneous disc decompression procedures

have been performed in the past. Various percutaneous

techniques such as percutaneous discectomy, laser discec-

tomy, and nucleoplasty have been successful. Our

prospective study was directly to evaluate the results of

percutaneous cervical nucleoplasty (PCN) surgery for

cervical disc herniation, and illustrate the effectiveness of

PCN in symptomatic patients who had cervical herniated

discs. From July of 2002 to June of 2005, 126 consecutive

patients with contained cervical disc herniations have

presented at the authors’ clinic and treated by PCN. The

patients’ gender distribution for PCN was 65 male, 61

female. The age of patients ranged from 34 to 66 years

(mean 51.9 ± 10.2 years). The levels of involvement were

21 cases at C3–4, 30 cases at C4–5, 40 cases at C5–6, and

35 cases at C6–7. The clinical outcomes, pain reduction

and the segment stability were all recorded during this

study. A clinical outcome was quantified by the Macnab

standard and using VAS. The angular displacement (AD)

C11� or horizontal displacement (HD) C3 mm was con-

sidered to be radiographically unstable. In the results of

this study, puncture of the needle into the disc space was

accurately performed under X-ray guidance in all cases.

There was one case where the Perc-D Spine Wand had

broken in the disc space during the procedure. The partial

Perc-D Spine Wand, which had broken in the disc space

could not be removed by the percutaneous cervical disc-

ectomy and thus remained there. There were no recurrent

cases or complications in our series. Macnab standard

results were excellent in 62 cases, good in 41 cases and fair

in 23 cases. The rate of excellent and good was 83.73%.

The VAS scores demonstrated statistically significant

improvement in PCN at the 2-week, 1, 3, 6, and 12-month

follow-up visits when compared to preoperational values

(P \ 0.01). There were no cases of instability following

the PCN procedure. There was no significant difference

in stability either preoperatively or postoperatively

(P [ 0.05). Our findings confirm that PCN for the treat-

ment of cervical disc herniation results in a good outcome

without any tampering of the stability of the cervical spine.

Hence, PCN as a procedure is safe, minimally invasive,

less traumatic, requiring less time with an excellent clinical

outcome. PCN should be performed for those patients who

fail conservative medical management including medica-

tion, physical therapy, behavioral management,

psychotherapy, and who are unwilling to undergo a more

invasive technique such as spinal surgery.
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Introduction

The current trend of evolution of all spinal surgery has been

toward less-invasive techniques. Stookey [23] described the

clinical symptoms and anatomic location of cervical disc

herniation in 1928. Subsequently, the landmark paper by
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Mixter and Barr [16] clearly established the relationship

between herniated discs and sciatica, and provided evidence

that laminectomy and disc excision could successfully

relieve pain associated with radiculopathy. Bailey and

Badgley [2], Cloward [7], and Robinson and Smith [20]

popularized the anterior approach with interbody fusion in

the 1950s. Hirsch [11], Robertson [19] recommended cer-

vical discectomy without fusion. Fukushima [9] introduced

the ventriculofiber in 1973 and further enhanced the foun-

dation for percutaneous endoscopic cervical discectomy

[12].

Minimally invasive treatments aimed at removing

nuclear material and lowering intradiscal pressure through

devices inserted percutaneously into intervertebral discs. A

number of techniques have recently been developed that

are applicable in the treatment of disc herniation. Smith

[21, 22] introduced chymopapain chemonucleolysis to treat

herniated nucleus pulposus. Hijikata [10] described per-

cutaneous lumbar discectomy. Ascher [1] then reported

laser discectomy.

Percutaneous disc decompression, regardless of tech-

nique, has been based on the principle that a small

reduction of volume in a closed hydraulic space, like an

intact disc, results in a disproportionately large fall of

pressure. Case et al. [3] studied showing that a large rise in

pressure will regularly result from a small increase in

volume, confirming the biochemical basis for the benefits

obtained from interventions designed for disc decompres-

sion. Percutaneous cervical discectomy (PCD) has been

developed as an effective treatment option for soft cervical

disc herniation. Percutaneous nucleoplasty (PCN) is a new

minimally invasive technique which uses radiofrequency

energy to ablate the nucleus pulposus in a controlled

manner for disc decompression.

In general, all these have shown a moderate or good

clinical result. To date, no study has been published in

which investigators examine the therapeutic effect of PCN

for the treatment of cervical disc herniation. The aim of this

paper is to present the clinical outcomes of cervical disc

herniation treated by PCN.

Materials and methods

Patient population

A prospective study of 126 consecutive patients with 126

contained cervical disc herniations had presented at the

authors’ clinic and treated by PCN was had from July of

2002 to June of 2005. Patients had to satisfy specific

inclusion and exclusion criteria to be enrolled. All patients

had the radiographically determined contained disc herni-

ation on CT and MRI. Inclusion criteria were contained

disc herniation complaints of radicular pain with or without

neck pain, and no improvement at least 6 weeks of con-

servative therapy (i.e., physical therapy together with use

of anti-inflammatory medications and muscle relaxants at

the manufacturer’s recommended therapeutic dose).

Exclusion criteria were extruded disc fragment, hemor-

rhagic diasthesis, spondylolisthesis, spinal canal stenosis,

ossification of longitudinal ligament (OPLL), previous

surgery at the indicated level, and cases of myelopathy.

Patients’ gender distribution for PCN was 65 male, 61

female. The age of patients ranged from 34 to 66 years

(mean 51.9 ± 10.2 years). The levels of involvement were

21 cases at C3–4, 30 cases at C4–5, 40 cases at C5–6, and

35 cases at C6–7.

Surgical technique

Under local anesthesia, the patient was placed in a supine

position with the neck extended by placing a rolled towel

under the shoulders. A soft strap was placed over the

forehead for stabilization. The shoulders were gently dis-

tracted downward with tape. C-arm fluoroscopy was used

in anteroposterior and lateral planes to direct the placement

of a spinal needle onto the disc surface. Initially, at the

point of entry adjacent to the medial border of the right

sternocleidomastoid muscle, firm pressure was applied

digitally in the space between the muscle and the trachea

and pointed toward the vertebral surface. The larynx and

trachea were displaced medially and the carotid artery

laterally. The anterior cervical spine was palpated with the

fingertips, and a spinal needle was used to puncture the

right side of the neck and passed into the disc space. The

position was confirmed fluoroscopically.

The fiber of the Perc-D SpineWand was inserted through

the 18-gauge needle. The wand was connected to the

standard Arthrocare power generator. The power of nuc-

leoplasty ablation was 3 W with 1 s coagulation. If any

syndrome of pain were to be elicited, the Perc-D Spine

Wand would be replaced in the right place on the disc.

When there was no pain during the coagulation then cob-

lation for 15 s, while the Perc-D Spine Wand would move

around on the monitor of C X-ray. When the Perc-D Spine

Wand had return to annulus, coagulation for 1 s to shrink

the surrounding collagen and widen the channel. This

process was redone four to six times during the surgical

procedure. The procedure shows in Fig. 1.

The 1-mm skin incision was then closed with Steri-

Strips, and the patients were discharged home within 1 h

following the procedure. The patients received periproce-

dural and after-operation oral every 8 h for 48 h.

Postoperatively, patients were allowed unlimited walking,

standing and sitting. Return to sedentary or light work was

permitted at 3–4 days following the surgery.
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Radiographic assessment

The radiographic assessment of the segment stability was

determined by two independent radiologists, blinded to the

assigned treatment group of the patients. The radiologists

studied anteroposterior, lateral, and flexion–extension lat-

eral radiographs. The radiographical stability been

considered less than 11� of angular displacement (AD) and

\3 mm of horizontal displacement (HD) had to be present

at the site of the procedure segment when comparing flexion

to extension lateral radiographic views. The AD C 11� or

HD C 3 mm was consider radio graphically instability.

Statistical analyses

Statistical analyses were performed independently by a non-

clinical research assistant and an outside party to ensure

objectivity, using SPSS Version 11.5 software. The treat-

ment effect was evaluated by the Macnab standard [14] and

by using the visual analog pain scale (VAS) for cervical

radiculopathy. The Student’s t test with a two-tailed paired

comparison was used to compare the means between visits

and to compare success based on demographic variables.

Results were considered statistically significant if the P value

was equal to or less than 0.05 for continuous variables.

Results

The puncture of the needle into the disc space was accu-

rately performed under X-ray guidance in all cases. There

was one case where the Perc-D SpineWand had broken in

the disc space during the procedure (Fig. 2). The partial

Perc-D SpineWand that was broken in the disc space could

not be removed by the percutaneous cervical discectomy

and thus remained there. All patients received follow-ups.

The follow-up averaged 2 years, with a range of 14–

36 months. Macnab standard results were excellent in 62

cases, good in 41 cases and fair in 23 cases. The rate of

excellent and good was 83.7%.

Preprocedure and the postprocedure VAS scores are

illustrated in Table 1. The VAS scores demonstrated sta-

tistically significant improvement in PCN at the 2-week, 1,

3, 6, and 12-month follow-up visits when compared to the

preoperational values. There were significant differences in

VAS scores in the preoperatively and postoperatively

(P \ 0.01).

The procedure segment stability of preprocedure and

postprocedure are illustrated in Table 2. There were no

instability cases after procedure of PCN. There were no

significant difference stability in the preoperatively and

postoperatively (P [ 0.05).

Fig. 1 Shows the PCN one

level procedure at C3–4 (a),

C4–5 (b), C5–6 (c) and C6–7

(d) in different patient

Fig. 2 Shows the case had the

Perc-D SpineWand broken in

C4–5 space when procedure.

The partial Perc-D SpineWand

to bend (a; b an enlargement in

the radiograph showed it) and

broken in C4–5 space can not

been moved by the

percutaneous cervical

discectomy (c) and remain in

there (d). The clinical outcome

of this case is good, and no

complication
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Discussion

In recent years the general trend in spinal surgery has been

one of reductionism and minimalization. Treatment of

cervical disk hernia has been performed under conservative

therapy and sometimes under surgical intervention, such as

anterior fixation of the cervical spine. At those times, if the

patient failed conservative treatments open surgery was the

only remaining option available. Conventional open cer-

vical discectomy, with or without bony fusion, is

considered the standard treatment for cervical disc protru-

sion[10]. More over, some patients were not available for

surgery because of their poor general conditions and some

refused surgery even though they were good candidates. In

an attempt to avoid prolonged suffering from unsuccessful

conservative treatment and to minimize the chance of

morbidity often associated with open surgery, many sur-

geons sought alternative ways of decompressing a

pathological disc. In our series, we selected patients with-

out myelopathy. The VAS score was decreased after 2-

week and 1, 3, 6, and 12-month follow-up. The rate of

excellent and good was 83.7%. Therefore, myelopathy is

considered outside the indication of PCN for cervical disk

hernia.

Internal disc disruption and disc herniations are common

causes of extremity pain which may become chronic if not

diagnosed and treated. Annular tears lead to migration of

the nuclear material and derange internal architecture. In

the chronically damaged intervertebral disc, leakage of

nuclear material from annular tears can initiate, promote,

and continue the inflammatory process and delay or stop

recovery of vital remaining intradiscal tissue. Inflammatory

chemicals from the response to a damaged disc may

activate or injure the dorsal root ganglion. Smaller pro-

trusions are postulated to cause referred extremity pain due

to neural inflammation and axial pain due to a combination

of a sensitized outer annulus and increased outer annular

tension [18]. Cervical radiculopathy is due to an abnormal

process that involves the nerve root. It is caused mostly by

cervical disk herniation or cervical spondylosis. The

symptoms of cervical radiculopathy are neck and brachial–

radicular pain, with or without motor weakness or pares-

thesia, in 80–100% of patients [8]. Partial removal of the

nucleus has been shown to decompress herniated discs,

relieving pressure on nerve roots and, in some cases,

offering relief from disc pain. In this study, estimated 1 g is

vaporized during PCN, and the clinical out is very good.

There were excellent in 62 cases, good in 41 cases and fair

in 23 cases. The rate of excellent and good was 83.7%.

There were significant difference on VAS sores in the

preoperatively and postoperatively in PCN (P \ 0.01).

It was in 1989 that Hijikata reported on his series of

microdiscectomy patients and reinforced the clinical per-

ception that successful outcome of disc surgery was

independent of the amount of disc material excised [10].

Increasing nuclear pressure by injecting the disc with fluid

will be reflected as a proportional increase in outer annular

pressure when a radial annular tear extends to the outer

annulus [13, 15]. This increased pressure is probably

analogous to compressing a well-hydrated nucleus and

transmitting horizontal forces through the herniated nuclear

material to the outer annulus. Castro et al. [4] showed that

for every gram of nucleus removed, the disc space narrows

1.42 mm and the disc bulge increases 0.45 mm. In this

study, 1 g is removed with the PCN procedures; there were

no instability change of the operation segment.

The PCN of cervical disc hernia was safely performed,

and the efficacy of this procedure was good in all cases in

this study. The advantage of PCN is that it reduces the

volume and pressure of the affected disc without damaging

other spinal structures. Ablation of a relatively small vol-

ume of the nucleus pulposus results in a significant

reduction in intradisc pressure. Intradiscal pressure was

markedly reduced in the younger, healthy disc cadaver.

There was an inverse correlation between the degree of

disc degeneration and the change in intradiscal pressure

in Chen’s study in human cadavers [5]. Histologic

Table 1 The outcomes of PCN �x� Sð Þ

Time VAS T value P value

Pre-PCN 7.25 ± 0.44

Aft-PCN 2 weeks 2.42 ± 0.71 63.77 0.000

Aft-PCN 1 month 2.43 ± 0.71 66.12 0.000

Aft-PCN 3 month 2.43 ± 0.72 66.04 0.000

Aft-PCN 6 month 2.44 ± 0.71 65.73 0.000

Aft-PCN 12 month 2.42 ± 0.72 66.06 0.000

Table 2 Comparison of the stability of segment between pre- and after operation �x� Sð Þ

Group C3/4 C4/5 C5/6 C6/7

AD (�) HD (mm) AD (�) HD (mm) AD (�) HD (mm) AD (�) HD (mm)

Pre-PCN 2.43 ± 0.82 0.98 ± 0.45 4.94 ± 1.20 1.31 ± 0.48 7.23 ± 1.55 1.79 ± 0.62 7.40 ± 1.04 1.57 ± 0.39

Aft-PCN* 2.75 ± 0.73 0.96 ± 0.50 5.20 ± 1.18 1.43 ± 0.62 7.77 ± 1.67 1.89 ± 0.54 7.43 ± 1.36 1.63 ± 0.45

* Compare Pre-PCN, P [ 0.05
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examination revealed no evidence of direct mechanical or

thermal damage to the surrounding tissues in human

cadavers [6]. While given these radial thermal penetrations,

high temperatures and lethal thermal doses in small regions

outside of the nucleus, or within the bone endplates in

human cadavers [17]. In this study, the preoperative MRI

reveals a bulging herniated disc at C3–4, and 6 months post

operation showed the bulging herniated disc disappeared

changes in this disc space (Fig. 3).

Technical advances in the use of the mid-sized cannulae

approach to decompressing the nucleus have evolved to

include newer techniques using even smaller cannulae.

With the approach from the anterior neck to disk space, it is

important to monitor the distance from the tip of the needle

to the spinal canal. Therefore, monitoring of the needle is

essential during this procedure. X-ray fluoroscopy con-

firmed the correct position of the needle tip during puncture

of the needle on axial images, permitting accurate nuc-

leoplasty of the intervertebral disc. Vascular injury can

occur if the device comes into contact with an artery or a

vein. Particular care should be taken to avoid puncture of

the anterior annulus. The probe tip can be damaged or

broken if it is forced against the vertebral endplates. The

patient will feel radicular pain if the surgeon hits the

anteriorly traversing nerve with the cannula.

Percutaneous disc decompression has produced a small

number of complications. There was one case had the Perc-

D SpineWand broken in C4–5 space when procedure

(Fig. 2). The partial Perc-D SpineWand that was broken in

the C4–5 space could not be removed by the percutaneous

cervical discectomy and hence remained there. The clinical

outcome of this case was good with no occurrence of any

complication. There was no discitis in this study. In our

clinical, one patient presented with neck pain and associ-

ated radicular pain and numbness in the left upper limb

after a PCN in another hospital. The history was negative

for fever, night pain or constitutional symptoms. Sagittal

and coronal MR images of the spine showing had discitis at

C5–6 (Fig. 4). There was loss of distinction between the

endplates and C5–6 intervertebral disc on T1-weighted

images, with decreased signal intensity in the adjacent

vertebral bodies on the T1-weighted images and increased

signal intensity on T2-weighted images. There were some

potential complications of PCN that included infections,

bleeding, nerve damage, worsened pain, failure of tech-

nique, and recurrence of herniation.

Conclusion

The results of this study indicate that PCN was efficacious

minimally invasive technique for the treatment of symp-

toms associated with contained cervical herniated disc.

This means that PCN can be used to treat cervical disc

herniation.
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