
Background: Lumbar disc prolapse, protrusion, and extrusion account for less than 5% of all low back 
problems, but are the most common causes of nerve root pain and surgical interventions. The primary 
rationale for any form of surgery for disc prolapse is to relieve nerve root irritation or compression 
due to herniated disc material. The primary modality of treatment continues to be either open or 
microdiscectomy, although several alternative techniques are also utilized, including nucleoplasty, 
automated percutaneous discectomy  and laser discectomy. There is a paucity of evidence for all 
decompression techniques, specifically alternative techniques including nucleoplasty. 

Study Design: A systematic review of the literature of mechanical lumbar disc decompression with 
nucleoplasty.

Objective: To determine the effectiveness and update the effectiveness of mechanical lumbar disc 
decompression with nucleoplasty.

Methods: The available literature on mechanical lumbar disc decompression with nucleoplasty was 
reviewed. The quality assessment and clinical relevance criteria utilized were the Cochrane Musculoskeletal 
Review Group criteria as utilized for interventional techniques for randomized trials and the criteria developed 
by the Newcastle-Ottawa Scale criteria for observational studies.

The level of evidence was classified as good, fair, and limited or poor based on the quality of evidence 
developed by the U.S. Preventive Services Task Force (USPSTF). 

Data sources included relevant literature identified through searches of PubMed and EMBASE from 1966 to 
September 2012, and manual searches of the bibliographies of known primary and review articles.

Outcome Measures: Pain relief and functional improvement were the primary outcome measures. 
Other outcome measures were improvement of psychological status, reduction in opioid intake, and 
return to work. 

Short-term effectiveness was defined as one year or less, whereas long-term effectiveness was defined 
as greater than one year. 

Results: For this systematic review, 37 studies were considered for inclusion. Of these, there was one 
randomized trial and 14 observational studies meeting inclusion criteria for methodological quality 
assessment.

Based on USPSTF criteria, the level of evidence for nucleoplasty is limited to fair in managing radicular 
pain due to contained disc herniation.

Limitations: A paucity of literature with randomized trials. 

Conclusion: This systematic review illustrates limited to fair evidence for nucleoplasty in managing 
radicular pain due to contained disc herniation.

Key words: Intervertebral disc disease, chronic low back pain, disc herniation, disc protrusion, 
radiculitis, contained disc herniation, mechanical disc decompression, nucleoplasty, Coblation technology, 
nucleotomy.
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Nucleoplasty, a minimally invasive procedure, uses 
radiofrequency energy to remove nuclear material and 
to create small channels within the disc (61-63,68). With 
Coblation technology, radiofrequency energy is ap-
plied to a conductive medium, creating the formation 
a highly focused plasma field to form around the en-
ergized electrodes (61-63,68). The plasma field is com-
posed of highly ionized particles (68). The created chan-
nel is thermally treated, producing a zone of thermal 
coagulation. Thus, nucleoplasty combines coagulation 
and tissue ablation (patented Coblation technology) 
to form channels in the nucleus and decompress the 
herniated disc. Claims have been made over the past 
few years that nucleoplasty can produce satisfactory re-
sults with fewer serious complications. However, these 
claims continue to be debated (9,61-64,77,86). 

Gibson and Waddell (84) in the Cochrane Collabo-
ration review presented the results from 40 random-
ized controlled trials (RCTs) and 2 quasi-randomized 
controlled trials (QRCTs) of surgical interventions for 
lumbar disc prolapse including 17 new trials since the 
first issue of the review. This review indicated that the 
place for alternative forms of discectomy other than 
traditional open discectomy is unresolved. They noted 
that as of January 2007 there were no RCTs examining 
Coblation as a treatment for disc prolapse. 

Gibson and Waddell (84) concluded that there is 
considerable evidence that surgical discectomy provides 
effective clinical relief for carefully selected patients 
with sciatica due to lumbar disc prolapse that fails to re-
solve with conservative management. They noted that 
the choice of micro- or standard discectomy at present 
probably depends more on the training and expertise 
of the surgeon and the resources available than on sci-
entific evidence of efficacy. In addition, they concluded 
that at present, unless or until better scientific evidence 
is available, multiple minimally invasive decompression 
techniques including Coblation therapy should be re-
garded as research techniques. 

Mixter and Barr (115) reported on the open surgi-
cal treatment for rupture of the intervertebral disc in 
1934. Less radical procedures started to appear as ear-
ly as 1939 (116). In 1959, Smith (117) coined the term 
chemonucleolysis to describe the enzymatic dissolution 
of the nucleus pulposus as an alternative less invasive 
means of decompressing the bulging or herniated disc. 
Hijikata (118) described manual percutaneous lumbar 
discectomy in the 1970s. In 1985, Onik et al (119) de-
scribed automated percutaneous lumbar discectomy, 
a minimally invasive method with aspiration of the 

Due to the increasing incidence of chronic low 
back pain, the numerous modalities available 
for diagnosis and management, escalating 

costs and its impact on health care resources, our 
understanding of the causes of low back pain has 
evolved over the past century (1-50). Even then, in the 
majority of patients it is difficult to identify a definitive 
diagnosis, specifically when they do not present 
with disc herniation, physical findings, imaging, or 
electrodiagnostic findings (1,51-59). Kuslich et al (60) 
identified intervertebral discs, facet joints, ligaments, 
fascia, muscles, and nerve root dura as tissues capable 
of transmitting pain in the low back. Using controlled 
diagnostic techniques, the intervertebral discs, the 
zygapophysial (facet) joints, and sacroiliac joints have 
all been demonstrated to be common causes of chronic 
low back pain (1,54-59). 

There has been a gradual shift towards less invasive 
treatments for disc herniation, including chymopapain, 
automated percutaneous disc decompression (PDD), laser 
disc decompression, and more recently, nucleoplasty. Nu-
cleoplasty is defined as minimally invasive nuclear decom-
pression using a bipolar radiofrequency device (61-67). 
Lumbar disc prolapse, protrusion, or herniation account 
for less than 5% of all low back problems, but are the 
most common causes of nerve root pain. Chemonucleoly-
sis, percutaneous nucleotomy, percutaneous discectomy, 
and laser treatments incorporate different approaches to 
PDD, and all have been shown to reduce intradiscal pres-
sure (68-77). In spite of emerging evidence for nonsurgical 
interventions of disc decompression, in reality each treat-
ment is limited in its effectiveness in conjunction with as-
sociated complications (61-64,77-111). 

Absolute indications for surgery, although rare, in-
clude altered bladder function and progressive muscle 
weakness (84). The usual goal of surgery is to provide 
for the rapid relief of pain and to address the possibil-
ity of impending disability in the minority of patients 
whose recovery is unacceptably low (84). The primary 
goal of surgical treatment of nerve root compression is 
the relief of compression by the removal of the herni-
ated nuclear material. Historically, the primary modal-
ity of treatment has been open discectomy. However, 
disc herniation consists of both contained and non-
contained types. While for non-contained disc hernia-
tions open discectomy is the approach of choice, partial 
removal of the nucleus pulposus in contained discs has 
been shown to decompress herniated discs and relieve 
pressure on nerve roots in a much less invasive and 
more cost-effective manner (61-64,77,81-85,112-114). 
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nucleus for treating contained disc herniations. More 
recently plasma nucleoplasty utilizing Coblation tech-
nology (61-64,120) has been described.

The Centers for Medicare and Medicaid Services 
(CMS) (121) has issued a non-certification for intradis-
cal procedures. The CMS (120) refers to multiple pro-
cedures collectively as thermal intradiscal procedures, 
including percutaneous or (plasma) disc decompression 
(PDD), or Coblation, along with other intradiscal thera-
pies. However, in a systematic review of nucleoplasty for 
lumbar disc herniation (62), there was limited evidence 
in managing predominantly lower extremity pain due 
to contained disc herniation. In another evidence-based 
systematic review (61), it was concluded that based on 
the observational studies, nucleoplasty is a potentially 
effective, minimally invasive treatment for patients 
with symptomatic disc herniation who are refractory 
to conservative therapy. However, in another review 
(86), the authors showed that there were no published 
RCTs assessing Coblation or nucleoplasty. They also con-
cluded that none of the minimally invasive techniques 
including automated percutaneous discectomy were ef-
fective. However, multiple other manuscripts have been 
published illustrating positive results (99,122-132), in 
addition to publications included in previous systematic 
reviews (61,62,117,118,120,128,133-147). 

The purpose of this systematic review is to evaluate 
and update the current evidence described in a previ-
ous publication (62) supporting the use of percutane-
ous mechanical disc decompression with nucleoplasty to 
treat symptomatic disc protrusions.

1.0 Methods

The methodology utilized in this systematic review 
followed the review process derived from evidence-based 
systematic reviews and meta-analysis of randomized tri-
als and observational studies (7,9,148-155), Consolidated 
Standards of Reporting Trials (CONSORT) guidelines for 
the conduct of randomized trials (156-159), Standards 
for Reporting Observational Studies (STROBE) (160), 
Cochrane guidelines (7,152,153), Chou and Huffman’s 
guidelines (9), and quality of reporting of analysis (149). 

1.1 Criteria for Considering Studies for This 
Review

1.1.1 Types of Studies 
Randomized controlled trials
Non-randomized observational studies
Case reports and reviews for adverse effects

1.1.2 Types of Participants 
Participants of interest were adults aged at least 

18 years old with chronic low back and lower extremity 
pain of at least 3 months duration.

Participants must have failed previous pharmaco-
therapy, exercise therapy, etc., prior to starting inter-
ventional pain management techniques.

1.1.3 Types of Interventions 
The intervention was lumbar disc decompres-

sion with Coblation nucleoplasty appropriately per-
formed with proper technique under fluoroscopic or 
CT guidance. 

1.1.4 Types of Outcome Measures 
♦	 The primary outcome parameters were pain relief 

and functional status improvement. 
♦	 The secondary outcome measures were change in 

psychological status; return to work; reduction or 
elimination of opioid use, other drugs, or other in-
terventions; and complications.

♦	 At least 2 of the review authors independently, in an 
unblinded standardized manner, assessed the out-
comes measures. Any disagreements between review-
ers were resolved by a third author and consensus.

1.2 Literature Search
Searches were performed from the following 

sources without language restrictions:
1. 	 PubMed from 1966

www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed
2. 	 EMBASE from 1980

www.embase.com/
3. 	 Cochrane Library

www.thecochranelibrary.com/view/0/index.html
4. 	 U.S. National Guideline Clearinghouse (NGC) 

www.guideline.gov/
5. 	 Previous systematic reviews and cross references	
6. 	 Clinical Trials

clinicaltrials.gov/
The search period was from 1966 through Septem-

ber 2012.

1.3 Search Strategy
The search strategy emphasized chronic low back 

and lower extremity pain, disc herniation, and radiculi-
tis treated with Coblation nucleoplasty. 

Search terms included: chronic low back pain, disc 
herniation, radiculitis, percutaneous disc decompres-
sion, and Coblation nucleoplasty.
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At least 2 of the review authors independently, in 
an unblinded standardized manner, performed each 
search. Accuracy was confirmed by a statistician. All 
searches were combined to obtain a unified search 
strategy. Any disagreements between reviewers were 
resolved by a third author and consensus.

1.4 Data Collection and Analysis 
The review focused on randomized trials, observa-

tional studies, and reports of complications. The popula-
tion of interest was patients suffering with chronic low 
back and lower extremity pain for at least 3 months. 
Only lumbar Coblation nucleoplasty studies were evalu-
ated. All of the studies providing appropriate manage-
ment and with outcome evaluations of 6 months or lon-
ger and statistical evaluations were reviewed. Reports 
without appropriate diagnosis, non-systematic reviews, 
book chapters, and case reports were excluded. 

1.4.1 Selection of Studies 
♦ 	 In an unblinded standardized manner, 2 review au-

thors screened the abstracts of all identified studies 
against the inclusion criteria.

♦ 	 All articles with possible relevance were then retrieved 
in full text for comprehensive assessment of internal 
validity, quality, and adherence to inclusion criteria.

1.4.2 Inclusion and Exclusion Criteria 
The following are the inclusion and exclusion 

criteria:
1.	 Are the patients described in sufficient detail to al-

low one to decide whether they are comparable to 
those who are treated in interventional pain man-
agement clinical practices?
A.	 Setting – office, hospital, outpatient, inpatient
B.	� Physician – interventional pain physician, gen-

eral physician, anesthesiologist, physiatrist, 
neurologist, rheumatologist, orthopedic sur-
geon, neurosurgeon, etc.

C.	 Patient characteristics - duration of pain
D.	� Non-interventional techniques or surgical in-

tervention in the past
2.	 Is the intervention described in sufficient detail to 

enable one to apply its use to patients in interven-
tional pain management settings?
A.	 Nature of intervention
B.	 Frequency of intervention
C.	 Duration of intervention

3.	 Were clinically relevant outcomes measured?
A.	 Proportion of pain relief
B.	 Disorder/specific disability
C.	 Functional improvement
D.	� Allocation of eligible and non-eligible patients 

to return to work
E.	 Ability to work

1.4.3 Clinical Relevance
The clinical relevance of the included studies was 

evaluated according to 5 questions recommended by 
the Cochrane Back Review Group (Table 1) (151,161). 
Each question was scored as positive (+) if the clinical 
relevance item was met, negative (–) if the item was 
not met, and unclear (?) if data were not available to 
answer the question.

1.4.4 Methodological Quality or Validity 
Assessment 

The methodological quality assessment was per-
formed by 2 review authors who independently as-
sessed, in an unblinded standardized manner, the inter-
nal validity of all the studies. 

The methodological quality assessment was per-
formed in such a manner as to avoid any discrepancies. 
Any discrepancies were evaluated by a third reviewer 
and settled by consensus. 

The quality of each individual article used in this 
analysis was assessed using the Cochrane review criteria 
(Table 2) (156) for randomized trials, and the Newcas-

Table 1. Clinical relevance questions.

P (+) N (-) U (unclear)

A) Are the patients described in detail so that one can decide whether they are comparable to those who are 
treated practice?

B) Are the interventions and treatment settings described in sufficient detail to apply its use in clinical practice?

C) Were clinically relevant outcomes measured and reported?

D) Is the size of the effect clinically meaningful?

E) Do the likely treatment benefits outweigh the potential harms?

Scoring adapted and modified from Staal JB, et al. Injection therapy for subacute and chronic low back pain. Cochrane Database Syst Rev 2008; 
3:CD001824 (161).
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Table 2. Randomized controlled trials quality rating system. 

A 1. Was the method 
of randomization 
adequate? 

A random (unpredictable) assignment sequence. Examples of adequate methods are coin toss (for studies with 2 
groups), rolling a die (for studies with 2 or more groups), drawing of balls of different colors, drawing of ballots 
with the study group labels from a dark bag, computer-generated random sequence, pre-ordered sealed envelopes, 
sequentially-ordered vials, telephone call to a central office, and pre-ordered list of treatment assignments. Examples 
of inadequate methods are: alternation, birth date, social insurance/ security number, date in which they are invited to 
participate in the study, and hospital registration number. 

Yes/No/
Unsure 

B 2. Was the treatment 
allocation concealed? 

Assignment generated by an independent person not responsible for determining the eligibility of the 
patients. This person has no information about the persons included in the trial and has no influence on the 
assignment sequence or on the decision about eligibility of the patient. 

Yes/No/
Unsure 

C Was knowledge of the allocated interventions adequately prevented during the study?

3. Was the patient 
blinded to the 
intervention? 

This item should be scored “yes” if the index and control groups are indistinguishable for the patients or if 
the success of blinding was tested among the patients and it was successful. 

Yes/No/
Unsure 

4. Was the care 
provider blinded to the 
intervention? 

This item should be scored “yes” if the index and control groups are indistinguishable for the care providers 
or if the success of blinding was tested among the care providers and it was successful. 

Yes/No/
Unsure 

5. Was the outcome 
assessor blinded to the 
intervention? 

Adequacy of blinding should be assessed for the primary outcomes. This item should be scored “yes” if the success 
of blinding was tested among the outcome assessors and it was successful or: 
   –for patient-reported outcomes in which the patient is the outcome assessor (e.g., pain, disability): the blinding 
procedure is adequate for outcome assessors if participant blinding is scored “yes” 
  –for outcome criteria assessed during scheduled visit and that supposes a contact between participants and 
outcome assessors (e.g., clinical examination): the blinding procedure is adequate if patients are blinded, and the 
treatment or adverse effects of the treatment cannot be noticed during clinical examination 
  –for outcome criteria that do not suppose a contact with participants (e.g., radiography, magnetic resonance 
imaging): the blinding procedure is adequate if the treatment or adverse effects of the treatment cannot be noticed 
when assessing the main outcome 
  –for outcome criteria that are clinical or therapeutic events that will be determined by the interaction between 
patients and care providers (e.g., co-interventions, hospitalization length, treatment failure), in which the care 
provider is the outcome assessor: the blinding procedure is adequate for outcome assessors if item “4” (caregivers) 
is scored “yes” 
  –for outcome criteria that are assessed from data of the medical forms: the blinding procedure is adequate if the 
treatment or adverse effects of the treatment cannot be noticed on the extracted data.

Yes/No/
Unsure 

D Were incomplete outcome data adequately addressed? 

  6. Was the drop-out 
rate described and 
acceptable? 

The number of participants who were included in the study but did not complete the observation period or 
were not included in the analysis must be described and reasons given. If the percentage of withdrawals and 
drop-outs does not exceed 20% for short-term follow-up and 30% for long-term follow-up and does not lead to 
substantial bias a “yes” is scored. (N.B. these percentages are arbitrary, not supported by literature). 

Yes/No/
Unsure 

  7. Were all randomized 
participants analyzed in 
the group to which they 
were allocated? 

All randomized patients are reported/analyzed in the group they were allocated to by randomization for the 
most important moments of effect measurement (minus missing values) irrespective of non-compliance and 
co-interventions. 

Yes/No/
Unsure 

E 8. Are reports of the 
study free of suggestion 
of selective outcome 
reporting? 

In order to receive a “yes,” the review author determines if all the results from all pre-specified outcomes 
have been adequately  reported in the published report of the trial. This information is either obtained by 
comparing the protocol and the report, or in the absence of the protocol, assessing that the published report 
includes enough information to make this judgment. 

Yes/No/
Unsure 

F Other sources of potential bias: 

  9. Were the groups similar 
at baseline regarding 
the most important 
prognostic indicators? 

In order to receive a “yes,” groups have to be similar at baseline regarding demographic factors, duration 
and severity of complaints,  percentage of patients with neurological symptoms, and value of main outcome 
measure(s). 

Yes/No/
Unsure 

  10. Were co-interventions 
avoided or similar? 

This item should be scored “yes” if there were no co-interventions or they were similar between the index 
and control groups.

Yes/No/
Unsure 

  11. Was the compliance 
acceptable in all groups? 

The reviewer determines if the compliance with the interventions is acceptable, based on the reported 
intensity, duration, number and frequency of sessions for both the index intervention and control 
intervention(s). For example, physiotherapy treatment is usually administered over several sessions; therefore 
it is necessary to assess how many sessions each patient attended. For single-session interventions (e.g., 
surgery), this item is irrelevant.

Yes/No/
Unsure 

  12. Was the timing of 
the outcome assessment 
similar in all groups?

Timing of outcome assessment should be identical for all intervention groups and for all important outcome 
assessments.

Yes/No/
Unsure 

Adapted and modified from Furlan AD et al; Editorial Board, Cochrane Back Review Group. 2009 updated method guidelines for systematic reviews in 
the Cochrane Back Review Group. Spine (Phila Pa 1976) 2009; 34:1929-1941 (152).
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tle-Ottawa Scale for observational studies (Tables 3 and 
4) (162). For nonrandomized observational studies, the 
patient population should have had at least 50 total, 
or at least 25 in each group if they were comparison 
groups. Even though none of these instruments or cri-
teria were systematically assessed, the advantages and 

disadvantages of each system were debated. 
Each study was evaluated by at least 2 authors for 

stated criteria. Any disagreements were discussed with 
a third reviewer. Authors with a perceived conflict of 
interest for any manuscript were recused from review-
ing the manuscript.

Table 3. Newcastle-Ottawa quality assessment scale: Case control studies.

Selection

1) Is the case definition adequate? 

   a) yes, with independent validation *

   b) yes, e.g. record linkage or based on self reports

   c) no description

2) Representativeness of the cases

   a) consecutive or obviously representative series of cases *

   b) potential for selection biases or not stated

3) Selection of Controls

   a) community controls *

   b) hospital controls

   c) no description

4) Definition of Controls

   a) no history of disease (endpoint) *

   b) no description of source

Comparability

1) Comparability of cases and controls on the basis of the design or analysis

   a) study controls for disc herniation or radiculitis*

   b) study controls for any additional factor * (This criteria could be modified to indicate specific control for a second important factor.)

Exposure

1) Ascertainment of exposure

   a) secure record (eg surgical records) *

   b) structured interview where blind to case/control status *

   c) interview not blinded to case/control status

   d) written self report or medical record only

   e) no description

2) Same method of ascertainment for cases and controls

   a) yes *

   b) no

3) Non-Response rate

   a) same rate for both groups *

   b) non respondents described

   c) rate different and no designation

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Exposure categories. A maximum of two 
stars can be given for Comparability.

Wells GA, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized studies in meta-analysis. www.ohri.ca/programs/
clinical_epidemiology/oxford.asp (162). 
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For adverse effects, confounding factors, etc., it 
was not possible to use quality assessment criteria. Thus, 
these were considered based on the interpretation of 
published reports and critical analysis of the literature.

Only randomized trials meeting the inclusion criteria 
with at least 50% of applicable criteria were utilized for 
analysis. However, studies scoring lower were described 
and provided with an opinion and critical analysis. 

Table 4. Newcastle-Ottawa quality assessment scale for cohort studies.

Selection

1) Representativeness of the exposed cohort

  a) truly representative of the average _______________ (describe) in the community *

  b) somewhat representative of the average ______________ in the community *

  c) selected group of users e.g. nurses, volunteers

  d) no description of the derivation of the cohort

2) Selection of the non exposed cohort

  a) drawn from the same community as the exposed cohort *

  b) drawn from a different source

  c) no description of the derivation of the non exposed cohort

3) Ascertainment of exposure

  a) secure record (eg surgical records) *

  b) structured interview *

  c) written self report

  d) no description

4) Demonstration that outcome of interest was not present at start of study

  a) yes *

  b) no

Comparability

1) Comparability of cohorts on the basis of the design or analysis

  a) study controls for disc herniation or radiculitis*

  b) study controls for any additional factor *  (This criteria could be modified to indicate specific control for a second important factor.)

Outcome

1) Assessment of outcome

  a) independent blind assessment *

  b) record linkage *

  c) self report

  d) no description

2) Was follow-up long enough for outcomes to occur

  a) yes (select an adequate follow up period for outcome of interest) *

  b) no

3) Adequacy of follow up of cohorts

  a) complete follow up - all subjects accounted for *

  b) subjects lost to follow up unlikely to introduce bias - small number lost - > ____ % (select an adequate %) follow up, or description provided 
of those lost) *

  c) follow up rate < ____% (select an adequate %) and no description of those lost

  d) no statement
Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Outcome categories. A maximum of two 
stars can be given for Comparability.

Wells GA, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized studies in meta-analysis. www.ohri.ca/programs/
clinical_epidemiology/oxford.asp (162). 
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Observational studies had to meet a minimum of 
50% of the utilized criteria for cohort and case-control 
studies. Studies scoring less were also described and 
provided with an opinion and a critical analysis.

1.4.5 Data Extraction and Management
Two review authors independently, in an unblinded 

standardized manner, extracted the data from the includ-
ed studies. Disagreements were resolved by discussion be-
tween the 2 reviewers; if no consensus could be reached, 
a third author was called in to break the impasse.

1.4.6 Clinical Effectiveness
The minimum amount of change in pain score to 

be clinically meaningful has been described as a 2-point 
change on a scale of 0 to 10 (or 20 percentage points), 
based on findings in commonly utilized trials studying 
general chronic pain (163), chronic musculoskeletal 
pain (164), and chronic low back pain (165,166). Re-
cent descriptions of clinically meaningful improvement, 
however, showed either pain relief or functional status 
as 50% (87,90-98,167-179). Consequently, for this analy-
sis, we utilize clinically meaningful pain relief of at least 
a 3-point change on an 11-point scale of 0 to 10, or 50% 
pain relief from the baseline, as clinically significant 
and a functional status improvement of 40% or more.

1.5 Summary Measures 
Summary measures included a 50% or more reduc-

tion of pain in at least 40% of patients, or at least a 
3-point decrease in pain scores and adverse events in-
cluding side effects.

1.6 Analysis of Evidence
The analysis of the evidence was performed based 

on United States Preventive Services Task Force (USPSTF) 
criteria as illustrated in Table 5. This criteria has been 
utilized by multiple authors (9,77,90,96-98,176-181). 

The analysis was conducted using 3 levels of evi-
dence ranging from good, fair, and limited or poor. 

At least 2 of the review authors independently, in 
an unblinded standardized manner, analyzed the evi-
dence. Any disagreements between reviewers were re-
solved by a third author and consensus. If there were 
any conflicts of interest (e.g., authorship), those review-
ers were recused from assessment and analysis.

1.7 Outcome of the Studies
In the randomized trials, a study was judged to be 

positive if nucleoplasty was clinically relevant and ef-
fective, either with a placebo control or active control. 
This indicates that the difference in effect for primary 
outcome measure is statistically significant on the con-
ventional 5% level. In a negative study, no difference 
between the study treatments or no improvement from 
baseline is identified. The outcomes were judged at the 
reference point with positive or negative results report-
ed at 6 months, one year, and later. 

For observational studies, a study was judged to be 
positive if nucleoplasty therapy was effective, with out-
comes reported at the reference point with positive or 
negative results at 6 months, one year, and after. 

For any study to be judged to be positive, at 
least 40% of patients must have shown significant 
improvement.

2.0 Results

Figure 1 shows a flow diagram of the study selec-
tion as recommended by Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 

Table 5. Method for grading the overall strength of  the evidence for an intervention.

Grade Definition 

Good Evidence includes consistent results from well-designed, well-conducted studies in representative populations that directly assess 
effects on health outcomes (at least 2 consistent, higher-quality RCTs or studies of diagnostic test accuracy).

Fair

Evidence is sufficient to determine effects on health outcomes, but the strength of the evidence is limited by the number, quality, 
size, or consistency of included studies; generalizability to routine practice; or indirect nature of the evidence on health outcomes 
(at least one higher-quality trial or study of diagnostic test accuracy of sufficient sample size; 2 or more higher-quality trials or 
studies of diagnostic test accuracy with some inconsistency; at least 2 consistent, lower-quality trials or studies of diagnostic test 
accuracy, or multiple consistent observational studies with no significant methodological flaws).

Limited or 
Poor

Evidence is insufficient to assess effects on health outcomes because of limited number or power of studies, large and unexplained 
inconsistency between higher-quality trials, important flaws in trial design or conduct, gaps in the chain of evidence, or lack of 
information on important health outcomes.

Adapted and modified from methods developed by U.S. Preventive Services Task Force (9,77,90,180).
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(150). There were 37 studies considered for inclusion 
(68,74,75,99,120,122-147,182-187). 

Of the 37 manuscripts identified, 22 were exclud-
ed (68,74,75,120,125,127,128,132,133,137,138,143-
147,182-187). Table 6 shows the reasons for exclusion. 

Table 7 illustrates the characteristics of the studies 
considered for inclusion (99,122-124,126,129-131,134-
136,139-142). There was only one randomized trial (131). 
The remaining were observational reports (99,122-
124,126,129,130,134-136,139-142). Follow-up of less 
than 6 months was considered as short-term whereas 6 

months or longer was considered as long-term.

2.1  Methodological Quality Assessment
A methodological quality assessment of the RCTs 

meeting inclusion criteria was carried out utilizing 
Cochrane review criteria as shown in Table 8. Stud-
ies achieving Cochrane scores of 67% or higher were 
considered to be high quality, studies scoring 50% or 
higher were considered moderate quality, and studies 
scoring less than 50% were considered to be of poor 
quality and excluded.

Fig. 1. The flow diagram illustrating published literature evaluating mechanical lumbar disc decompression with nucleoplasty.

Computerized and manual search of 
literature
n = 685

Articles excluded by titles and/or abstract
n = 405

Abstracts excluded
n = 126

Manuscripts considered for inclusion
n = 37

Full manuscripts reviewed
n = 154

Abstracts reviewed
n = 280

Potential articles
n = 280

Manuscripts included:
Randomized trials = 1

Non-randomized studies = 14

Manuscripts not meeting inclusion criteria
n = 22
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There was one randomized trial evaluating short 
and long-term relief (131), which scored 7 of 12 with 
moderate quality. 

A methodological quality assessment of the obser-
vational studies meeting inclusion criteria was carried 
out utilizing Newcastle-Ottawa Scales as illustrated in 

Table 6. List of  excluded reports.

Manuscript Author(s) Reason for Exclusion 

Chen et al, 2003 (68) This was a study of intradiscal pressure of PDD with nucleoplasty in human cadavers. 

Wang et al, 2005 (74) This investigation reported the effect of uniform heating on the biomechanical properties of the intervertebral 
disc in a porcine model. 

Welch & Gerszten, 2002 (75) The authors described alternative strategies for lumbar discectomy including intradiscal electrothermal therapy 
and nucleoplasty. Nucleoplasty involved 25 patients with unpublished data.

Chen et al, 2003 (120) The authors evaluated histologic findings of disc, endplate, and neural elements after Coblation of nucleus 
pulposus in an experimental study in cadavers. This was a case report of 3 patients with spinal stenosis treated 
with PDD  with nucleoplasty.

Zhu et al, 2011 (125) The effectiveness of Coblation nucleoplasty for protrusion of lumbar intervertebral disc was evaluated in 42 
cases. Even though the results were positive with appropriate outcome parameters, the number of patients 
included in the study was 42 instead of at least 50. 

Basaran & Topatan, 2008 
(127)

The authors described a hypothetical minimally invasive treatment for herniated nucleus pulposus with a 
spinal balloon nucleoplasty.

Nau & Diederich, 2004 (128) The authors evaluated the temperature distributions in cadaveric lumbar spine during nucleoplasty.

Kasch et al, 2012 (132) The authors evaluated PDD with nucleoplasty-volumetry of the nucleus pulposus using ultrahigh-field MRI. 
The study was performed in 52 discs from 26 pigs and separated into thoracic and thoracolumbar discs. 
This is a basic science evaluation, but not a clinical study. In this evaluation, the authors demonstrated that 
nucleoplasty has a volume-reducing effect on the nucleus pulposus of the thoracic and thoracolumbar spine.

Yakovlev et al, 2007 (133) This was a retrospective evaluation of 22 patients undergoing nucleoplasty. 

Sharps & Isaac, 2002 (137) The authors studied 49 patients in a prospective evaluation with positive results. 

Singh et al, 2004 (138) The authors studied 47 patients in a prospective, non-randomized observational study with positive results. 

Bhagia et al, 2006 (143) The authors evaluated side effects and complications after PDD using Coblation technology in 53 patients. 

Calisaneller et al, 2007 (144) The authors assessed percutaneous nucleoplasty for discogenic pain 6 months postoperative clinical, and 
24-hour postoperative MRI examinations after nucleoplasty with radiofrequency energy in 29 patients. This 
observational report had only 29 patients.

Cohen et al, 2005 (145) The authors evaluated nucleoplasty in an observational study consisting of only 9 patients.

Reddy et al, 2005 (146) The authors evaluated 49 patients in a retrospective non-randomized study with Coblation nucleoplasty.

Lee et al, 2003 (147) The authors evaluated histologic characterization of Coblation nucleoplasty performed on sheep intervertebral 
discs. 

Puentedura et al, 2010 (182) The manuscript described rehabilitation following lumbosacral percutaneous nucleoplasty in a single case 
report.

Smuck et al, 2007 (183) The authors described epidural fibrosis following PDD with Coblation nucleoplasty in a single patient.

Theron et al, 2007 (184) The authors evaluated percutaneous treatment of lumbar intervertebral disc herniation with radiopaque 
gelified ethanol.

Lee, 2012 (185) The authors described in a review article various percutaneous intradiscal treatments. 

Cuellar et al, 2010 (186) The authors evaluated outcomes of PDD utilizing nucleoplasty in 22 patients in a retrospective case series. 
Authors analyzed factors that impact the result of nucleoplasty and attempted to validate the rational guidelines 
between minimally invasive treatments and open surgery. 

Ruetten et al, 2008 (187) This study evaluated full endoscopic interlaminar and transforaminal lumbar discectomy versus conventional 
microsurgical technique. There was no Coblation technology utilized. 

Tables 9 and 10. For cohort studies, studies scoring 67% 
or higher were considered high quality, studies scor-
ing 50% or higher were considered moderate quality, 
and studies scoring less than 50% were considered low 
quality and were excluded. 

For case-control studies, 67% or higher was con-
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sidered high quality, 50% or higher was considered 
moderate quality, and less than 50% was considered 
low quality. Those studies scoring less than 50% were 
excluded. 

There were 14 observational studies (99,122-
124,126,129,130,134-136,139-142) that were all consid-
ered moderate quality. 

2.2 Clinical Relevance
Of the 14 studies assessed for clinical relevance, all 

of the studies met the criteria with a score of 3 out of 
5 or greater (99,122-124,126,129-131,134-136,139-142). 
Table 11 illustrates the assessment of clinical relevance. 

2.3 Meta-Analysis
No meta-analysis could be performed since there 

was only one randomized trial.

2.4 Analysis of Evidence
As shown in Table 12, based on the USPSTF crite-

ria, the evidence is considered at 3 levels – good, fair, 
and limited or poor. Based on one randomized trial 
(131), which is of moderate quality, and 14 observation-
al studies (99,122-124,126,129,130,134-136,139-142), 
which were all of moderate quality, the evidence for 
nucleoplasty is limited to fair. 

3.0 Complications  
Rathmell et al (188) described the primary compli-

cations associated with nucleoplasty as those associated 
with the placement of the intradiscal introducer cannu-
la and other complications resulting from the entry into 
the disc. These complications associated with intradis-
cal procedures included hematoma, superficial abscess, 
deep abscess, allergic reaction to radiographic contrast 
or antibiotic, direct needle trauma to the spinal nerve 
with transient or persistent paraesthesia, and spondylo-
discitis. Rathmell et al (188) described that even though 
the introducer cannula used for nucleoplasty is larger in 
diameter than the typical #22 gauge spinal needle used 
to perform discography, there is no evidence to suggest 
that there is a higher complication rate associated with 
the use of this large bore introducer. Nevertheless, they 
cautioned that it stands to reason that use of a larger 
needle may well lead to a greater neural injury in the 
event of contact with a neural structure. A number of 
theoretical risks also have been described. The nucleo-
plasty results in marked temperature elevation and 
tissue destruction that is limited to the area immedi-
ately adjacent to the treatment tip of the probe. If the 

Table 8. Methodological quality assessment of  randomized trial(s).

Gerszten et al, 
2010 (131)

Randomization adequate Y

Concealed treatment allocation N 

Patient blinded N

Care provider blinded N

Outcome assessor blinded N

Drop-out rate described Y

All randomized participants analyzed in the group Y

Reports of the study free of suggestion of 
selective outcome reporting Y

Groups similar at baseline regarding most 
important prognostic indicators N

Co-interventions avoided or similar Y

Compliance acceptable in all groups Y

Time of outcome assessment in all groups similar Y

Score 7/12

Y=yes; N=no; U=unclear

treatment tip is withdrawn too far and the active tip 
is pulled back into the metal introducer, this can theo-
retically cause heating of the entire length of the intro-
ducer cannula. Thus, it may produce a thermal injury. 
In addition, excessive extension of the treatment probe 
can lead to penetration of the anterior annulus fibrosis 
and extension into the retroperitoneal space, with po-
tential damage to vascular structures in this area and a 
significant risk of infection. 

Gerges et al (61) reported that the majority of re-
viewed studies reported no significant complications 
related to nucleoplasty (133,141,144). However, the 
study by Cohen et al (145) reported that 2 of 16 pa-
tients experienced new-onset “neurologic” symptoms 
following nucleoplasty. One patient complained of 
numbness in both feet and the other developed twitch-
ing symptoms in the leg and back. Bhagia et al (143) 
performed a quantitative analysis of the incidence of 
complications following nucleoplasty, specifically inves-
tigating short-term effects for up to a 2-week period. In 
their report, the most common side effects at 24 hours 
following nucleoplasty were soreness at the needle in-
sertion site (76%), new numbness and tingling (26%), 
increased intensity of preprocedure back pain (15%), 
and new areas of back pain (15%). At 2 weeks follow-
ing nucleoplasty, all patients had resolution of soreness 
at their needle insertion site and of pain in new areas 
of the back. However, new numbness and tingling was 
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Table 9. Methodological quality assessment of  case control studies of  nucleoplasty utilizing Newcastle-Ottawa quality assessment scale.

Bokov et al (99) Lemcke et al (130)

Selection

1) Is the case definition adequate?

  a) yes, with independent validation * X X

  b) yes, e.g. record linkage or based on self reports

  c) no description

2) Representativeness of the cases

  a) consecutive or obviously representative series of cases * X X

  b) potential for selection biases or not stated

3) Selection of Controls

  a) community controls * X X

  b) hospital controls

  c) no description

4) Definition of Controls

  a) no history of disease (endpoint) *

  b) no description of source

Comparability

1) Comparability of cases and controls on the basis of the design or analysis

  a) study controls for disc herniation or radiculitis* X X

  b) �study controls for any additional factor *  (This criteria could be modified to indicate specific control for a 
second important factor.)

Exposure

1) Ascertainment of exposure

  a) secure record (eg surgical records) * X X

  b) structured interview where blind to case/control status *

  c) interview not blinded to case/control status

  d) written self report or medical record only

  e) no description

2) Same method of ascertainment for cases and controls

  a) yes * X X

  b) no

3) Non-Response rate

a) same rate for both groups ∗ X X

b) non respondents described

c) rate different and no designation

SCORE 7/12 7/12

Note: A study can be awarded a maximum of one star for each numbered item within the Selection and Exposure categories. A maximum of 
two stars can be given for Comparability.

Wells GA, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized studies in meta-analysis. www.ohri.ca/pro-
grams/clinical_epidemiology/oxford.asp (162). 
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Gerszten 
et al 
(141)

Alexandre 
et al, 2005 
(142)

Selection

1) Representativeness of the exposed cohort

  a) �truly representative of the average _______________ (describe) in 
the community *

X X

  b) �somewhat representative of the average pain patients in the 
community *

  c) selected group of users e.g. nurses, volunteers

  d) no description of the derivation of the cohort

2) Selection of the non exposed cohort

  a) drawn from the same community as the exposed cohort * X X

  b) drawn from a different source

  c) no description of the derivation of the non exposed cohort

3) Ascertainment of exposure

  a) secure record (eg surgical records) *

  b) structured interview * X X

  c) written self report

  d) no description

4) �Demonstration that outcome of interest was not present at start of study

  a) yes * X X

  b) no

Comparability

1) Comparability of cohorts on the basis of the design or analysis

  a) study controls for disc herniation or radiculitis *

  b) �study controls for any additional factor * (This criteria could be 
modified to indicate specific control for a second important factor.)

Outcome (Exposure)

1) Assessment of outcome

  a) independent blind assessment *

  b) record linkage * X X

  c) self report

  d) no description

2) Was follow-up long enough for outcomes to occur

  a) yes (select an adequate follow up period for outcome of interest) * X X

  b) no

3) Adequacy of follow up of cohorts

  a) complete follow up - all subjects accounted for * X X

  b) �subjects lost to follow up unlikely to introduce bias - small number 
lost - > ____ % (select an adequate %) follow up, or description 
provided of those lost) *

  c) �follow up rate < ____% (select an adequate %) and no description of 
those lost

d) no statement

SCORE 7/12 7/12

Note: A study can be awarded a maximum of one star for each numbered item within the Selec-
tion and Outcome categories. A maximum of two stars can be given for Comparability
Wells GA, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized 
studies in meta-analysis. www.ohri.ca/programs/clinical_epidemiology/oxford.asp (162).  

Table 10 .(cont.) Methodological  quality assessment of  cohort studies of  nucleoplasty 
utilizing Newcastle-Ottawa quality assessment scale.
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Table 11. Clinical relevance of  included studies.

Manuscript Author(s)
A) Patient 
description

B) Description 
of  interventions 
and treatment 

settings

C) Clinically 
relevant 

outcomes

D) Clinical 
importance

E) Benefits versus 
potential harms

Total Criteria 
Met

Bokov et al (99) + + + + + 5/5

Shabat et al (122) + + + + + 5/5

Azzazi et al (123) + + + + + 5/5

Masala et al (124) + + + + + 5/5

Karaman et al (126) + + + + + 5/5

Sinan et al (129) + + + + + 5/5

Lemcke et al (130) + + + + + 5/5

Gerszten et al (131) + + + + + 5/5

Mirzai et al (134) + + + + + 5/5

Al-Zain et al (135) + + + + + 5/5

Singh et al (136) + + + + + 5/5

Singh et al (139) + + + + + 5/5

Marin (140) + + + + + 5/5

Gerszten et al (141) + + + + + 5/5

Alexandre et al (142) + + + + + 5/5

+ = positive; - = negative ; U = unclear 

Scoring adapted from Staal JB, et al. Injection therapy for subacute and chronic low-back pain. Cochrane Database Syst Rev 2008; 3:CD001824 
(161).

Table 12. Summary results of  eligible studies of  mechanical lumbar disc decompression with nucleoplasty.

Study
Methodological 
Quality Scoring

Number of  
Participants

Significant Pain Relief Results

> 12 mos. Long-term > 12 mos.

Gerszten et al (131) 7/12 90 56% P

Bokov et al (99) 7/12 138 74% P

Shabat et al (122) 7/12 87 65% P

Azzazi et al (123) 7/12 50 80% P

Masala et al (124) 7/12 72 79% P

Karaman et al (126) 7/12 56 66% P

Sinan et al (129) 7/12 82 77% P

Lemcke et al (130) 7/12 128 SI P

Mirzai et al (134) 7/12 52 88% P

Al-Zain et al (135) 7/12 96 58% P

Singh et al (136) 7/12 67 80% P

Singh et al (139) 7/12 80 75% P

Marin (140) 7/12 64 80% P

Gerszten et al (141) 7/12 67 54% P

Alexandre et al (142) 7/12 1,390 55.8% P

TOTAL 2,519 62%* P

P = positive; SI = significant improvement

*Lemcke et al (130) was not included as data was not available 
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present in 15% of patients and 4% of patients had an 
increased intensity of preprocedure back pain (143). 
This was not functionally limiting in any of the patients. 
In each instance, the leg symptoms were non-dermato-
mal in distribution, suggesting a somatic referral mech-
anism (56). Symptoms were attributed to provocation 
of the nerve fibers supplying the posterolateral aspect 
of the intervertebral disc. One case report of epidural 
fibrosis following nucleoplasty was reported (186).

Gerszten et al (131) in a randomized trial of 90 pa-
tients, of which 45 underwent nucleoplasty, reported 
procedure-related adverse events in 5, or 11% of pa-
tients. These adverse events included pain at the injec-
tion site, increased radicular pain, increased weakness, 
increased back pain, light-headedness, muscle tightness 
or spasms, and acute low back pain with muscle spasms. 
These adverse-related events were higher in the trans-
foraminal group than in the nucleoplasty group. Chen 
et al (120), in an experimental nucleoplasty study of his-
tologic findings of disc, end plate, and neural elements 
after Coblation of nucleus pulposus, suggested that the 
nucleoplasty achieves volumetric removal of target disc 
tissue without overt thermal or structural damage to 
the adjacent tissues. Histologic examination revealed 
no evidence of direct mechanical or thermal damage 
of the surrounding tissues. There was clear evidence of 
Coblation channels with clean coagulation borders of 
the nucleus pulposus. They also found normal histolog-
ic findings of the annulus and end plate, with normal 
neural elements of the spinal cord and nerve roots at 
the level of the procedure.

4.0 Discussion

This systematic review evaluated the role of lum-
bar disc decompression with nucleoplasty. The evidence 
appeared to be superior to other intradiscal therapies 
even though nucleoplasty is included with other in-
tradiscal therapies (77). The present evidence for nu-
cleoplasty is limited to fair in managing radicular pain 
due to contained disc herniation. This is a change in 
the evidence from previous evaluations (61,62) due 
to the subsequent publication of a randomized trial 
(131) and a total of 14 positive observational studies 
(99,122-124,126,129,130,134-136,139-142). 

Nucleoplasty utilizing Coblation technology dis-
solves the nuclear material through molecular dis-
sociation, and is thought to lower nuclear pressure, 
thereby reducing the nerve root tension and allowing 
a protrusion to implode inward. There is a lack of sys-
tematic reviews for nucleoplasty. However, Derby et al 

(63) evaluated the evidence-informed management of 
chronic low back pain with minimally invasive nuclear 
decompression and concluded that nucleoplasty does 
not support the treatment of back pain alone, but is 
better suited for the improvement of referred extrem-
ity pain in patients with protrusion of less than 4 to 6 
mm, minimal stenosis, and relatively well-maintained 
disc heights. Gibson and Waddell (84) in their system-
atic review concluded that there are no RCTs examining 
Coblation as a treatment for disc prolapse. The present 
review found multiple observational manuscripts evalu-
ating the effectiveness of nucleoplasty, with 14 of them 
(99,122-124,126,129,130,134-136,139-142) meeting 
methodological quality assessment criteria for inclu-
sion. In general, all the studies showed positive results. 
A total of 2,429 patients were evaluated in these stud-
ies, each with at least 50 patients and one-year follow-
up where and relief ranged from 54% to 88%, with 
an average of 62% of patients showing improvement, 
based on 14 studies.  

Derby et al (63) summarized the evidence, stating 
that we have yet to discover the cure for chronic low 
back pain. Relying on the published literature, they 
concluded that for chronic low back pain caused by a 
disrupted and mildly protruding disc, there is no treat-
ment that stands head and shoulders above the rest. 
Nucleoplasty and other minimally invasive nuclear de-
compression devices are trying to bridge the gap be-
tween non-invasive treatment modalities and surgical 
fusion. The techniques are only a first iteration. They 
added that the scientific rationale for these procedures 
is wanting but not hopeless. They postulated that the 
targeted removal of a herniated nucleus behind a pro-
trusion is a more logical strategy for achieving the de-
sired effect of removing the source of inflammation 
and relieving tension on the adjacent irritated annu-
lus than open discectomy, fusion, or disc arthroplasty. 
Furthermore, they described that future designs will al-
low better navigation into protrusions and incorporate 
enhanced methods to safely remove herniated nuclear 
material. 

In spite of variable results, nucleoplasty is appeal-
ing because it is simple, relatively safe, and destroys 
minimal tissue. Disc height should therefore be main-
tained or collapse more slowly and allow the body time 
to adapt. In addition, the 17-gauge introducer needle 
should cause significantly less collateral damage to nor-
mal annulus when compared with surgical arthroscopic 
decompression techniques that remove herniations 
from inside the disc (63). Because the surgical decom-
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pression outcomes for small protrusions is inconsistent, 
and because patients often prefer fusion or arthroplas-
ty to be the last resort, nuclear decompression using a 
minimally invasive technique would seem to be a rea-
sonable next option for hydrated discs with relatively 
well-maintained disc heights (63). Thus, for patients 
with chronic low back pain and referred leg pain, nu-
cleoplasty may be an option. Derby et al (63) stated that 
comparing nucleoplasty to fusion surgery, the reported 
median decreases in pain scores including both leg and 
back pain after nucleoplasty are 54% and median im-
provement in back-specific impairment scores is 42% 
after fusion. Moreover, nucleoplasty is generally safer 
than fusion. Finally, once an artificial disc or fusion in-
strumentation is inserted, there is no turning back (63). 
However, there is a risk that epidural fibrosis may de-
velop with nucleoplasty (186).

Manchikanti et al (62) in a systematic review of 
the literature of disc decompression with nucleoplasty 
published in 2009 showed that there was a paucity of 
literature, both observational and randomized. They 
also showed that only 5 observational studies met in-
clusion criteria (134-136,139,140). Based on these 5 ob-
servational studies, they concluded that the evidence 
was rather limited in managing PDD with nucleoplasty 
for the treatment of leg pain. They also concluded that 
there was no evidence available in managing axial low 
back pain. 

In a systematic review published in 2010, Gerges 
et al (61) with the inclusion of all the relevant litera-
ture for nucleoplasty, included 14 studies. All of them 
were observational. They reached a similar conclusion 
as Manchikanti et al (62) with limited evidence.

Contrary to previous evaluations, in this evaluation 
we were able to assess one randomized trial (131) and 
14 observational studies (99,122-124,126,129,130,134-
136,139-142) meeting methodological quality assess-
ment criteria. This shows significant progress in the 
evidence. Among these, the only available random-
ized trial by Gerszten et al (131), published in 2010, 
evaluated clinical outcomes with PDD compared with 
standard care using fluoroscopically-guided trans-
foraminal epidural steroid injection over the course 
of 2 years. They concluded that among patients who 
had radicular pain associated with a contained lumbar 
disc herniation, treated with PDD had significantly re-
duced pain and better quality of life scores than those 
treated using repeated transforaminal epidural steroid 
injection. In addition, significantly more PDD patients 
than transforaminal epidural steroid injection patients 

avoided having to undergo a secondary procedure dur-
ing the 2-year study follow-up. Furthermore, a signifi-
cantly higher percentage of patients in the PDD group 
showed a minimum of clinically important changes. 
This is the best study thus far assessing nucleoplasty 
in a randomized fashion. This is, however, not a true 
placebo-control study. It is an active-control study with 
transforaminal epidural steroid injection procedures 
and PDD . Some may consider that the sample size as 
too small; however, the sample size calculations were 
appropriate. The authors utilized extensive outcomes 
assessment. The major disadvantage is that the ran-
domized, controlled portion of the trial was limited to 
a 6-month follow-up. There is also criticism that trans-
foraminal epidural is not really comparable to disc de-
compression as one is known to provide short-term re-
lief and the other one is expected to provide long-term 
relief of greater than one year or so. Overall, the study 
is considered moderate quality. 

Among the other studies, which are noteworthy, 
is the study by Alexandre et al (142). In this study, they 
evaluated 1,390 patients with chronic lumbar pain with 
or without radicular pain, lasting more than 3 months 
after the failure of medically and physically conserva-
tive treatments. In addition, inclusion criteria also in-
cluded a positive provocative discography level and a 
negative control level. Contraindications included the 
presence of neurological deficit, infection, and coagu-
lopathies. They utilized rather strict outcome measures 
with results being classified as excellent with total reso-
lution of the clinical picture and full re-uptake of daily 
activities; good with total resolution of pain and rela-
tively good quality of life; scanty with insignificant pain 
resolution and inability to take up normal daily activi-
ties; and none with no results both on pain and clini-
cal field. They showed striking results with over 80% of 
patients, with 55.8% with excellent results and 24.9% 
with good results. They also illustrated that MRI and/
or CT performed 6 months after the procedure showed 
that bulging discs were eliminated in 34%, significantly 
reduced in 48%, and unvaried in 18% of cases. 

In a cadaveric study, Kasch et al (132) assessed 52 
discs from T8 to L1 from 26 pigs separated into thoracic 
T8-T11 and thoracolumbar T12-L1. In this assessment of 
volumetry, they found that average preinterventional 
nucleus volume was 0.799 mL, whereas postinterven-
tional volume reduction in the nucleoplasty group was 
significant at 0.052 mL, or 6.3% in thoracic discs, and 
0.082 mL, or 7.25%, in thoracolumbar discs. They con-
cluded that nucleoplasty achieved volume reductions of 
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14.72% in thoracic and 11.6% in thoracolumbar com-
pared to the placebo group. Consequently, nucleoplas-
ty seems to demonstrate a pathophysiologic, clinical, 
and biologic basis for disc decompression. 

Limitations of this systematic review include scant 
literature. There was only one randomized trial, which 
was of moderate quality (131), although with positive 
results. The remaining evidence is dependent on obser-
vational studies. The number of observational studies 
meeting inclusion criteria has increased to 14 with one 
large study including 1,390 patients (142). Inclusion cri-
teria were rather strict, in that at least 50 patients and 
one-year follow-up was required. Thus, multiple studies 
were excluded even though these have been included 
in other systematic reviews. However, placebo-control 
is an extremely difficult issue with interventional trials 
as demonstrated by Gerszten et al (131). Furthermore, 
there is a great deal of misunderstanding in relation 
to active-control trials and placebo-control trials. This 
misunderstanding continues to emerge in interven-
tional pain management, resulting in inappropriate 
analysis of the evidence. In fact, multiple studies that 
have considered themselves as placebo-controlled in in-
terventional pain management settings (9,18,189-196) 
have utilized local anesthetic injection, in essence pro-
ducing a facet joint nerve block. As the literature illus-
trates, a facet joint nerve block can provide on average 
13 to 16 weeks of prolonged relief (103,169-171). This 
may have been problematic in interpretation in many 
placebo controlled interventional trials (197-203). Con-
sequently, these studies could be construed as active-
control trials even though sham treatment was utilized. 
Similarly, multiple studies in the evaluation of epidural 
treatment have utilized local anesthetic and called 
them placebo studies. Proper terminology may be that 
these are sham-controlled but not placebo-controlled. 
It is not always feasible to perform placebo-controlled 
studies in an interventional setting, and the absence of 
these studies has led to some third party payers denying 
payment for effective therapies. 

It has been widely reported by Cochrane review-
ers and others that placebo effect studies are suscep-
tible to response bias and to other types of biases. 
Hróbjartsson et al (204) reviewed the pervasive and 
complex connection between the placebo effect and 
bias. Ever since the concept of the placebo was brought 
to the attention of the medical community by Beecher 
(205) in his classic 1955 JAMA article, “The Powerful 
Placebo,” in which he presented a review of assorted 
placebo-control trials, and argued that the substantial 

improvement in the condition of patients receiving 
placebo was caused by the placebo intervention. Nev-
ertheless, Beecher’s analysis committed the very falla-
cy that underlies the need for controlled trials. The ob-
served response to placebo in randomized trials does 
not itself provide any reliable, unbiased, evidence of 
a placebo effect —an outcome caused by receiving 
a sham treatment disguised to be indistinguishable 
from an active medical intervention. Further, unbiased 
assessment of the placebo effect requires comparison 
of placebo interventions with a suitable control group 
in order to distinguish an effect of the placebo inter-
vention from confounding factors, for example the 
natural history of the condition under investigation or 
regression to the mean (206). Even though Beecher’s 
approach were clearly recognized as flawed in the late 
1990’s (207), by that time the notion of ‘powerful pla-
cebo’ became deeply rooted. Meanwhile methodolo-
gists haven’t started anchoring to every study results 
to the natural history of the condition under investiga-
tion or regression to the mean. However, Krogsbøll et 
al in (208) reference to spontaneous improvement in 
randomized clinical trials and metaanalysis of 3-armed 
trials comparing no treatment, placebo, and active in-
tervention, dispelled these myths. They showed that 
the conditions that had most pronounced spontane-
ous improvement were nausea 45%, smoking 40%, de-
pression 35%, phobia 34%, and acute pain 25%. They 
also showed that overall, across all conditions and in-
terventions there was a statistically significant change 
from baseline in all 3 arms. However, for chronic pain 
no treatment contributed to very small improvement 
and placebo response was also less than 30%, whereas 
active treatment showed effect of 60%. Assessment of 
standardized mean difference for changes from base-
line group by acute or chronic conditions showed no 
change in the no treatment group. Consequently, au-
thors concluded that spontaneous improvement and 
effect of placebo contributed importantly to the ob-
served treatment effect in actively treated patients, 
but the relative importance of these factors differed 
according to clinical condition and intervention. Fur-
ther, in 2001, in sharp contrast, the power of placebo 
was challenged by a systematic review published in 
the New England Journal of Medicine (209). This re-
view identified 114 randomized clinical trials including 
placebo and no treatment groups, and reported no ev-
idence of overall effects of placebo for objective and 
binary outcomes and a small, and doubtfully clinically 
relevant, effect for continuous subjective outcomes, 



www.painphysicianjournal.com 	 SE45

Systematic Assessment of Mechanical Lumbar Disc Decompression with Nucleoplasty

such as pain. These findings are clearly incompatible 
with Beecher’s classic position and present method-
ologists view of spontaneous improvement of the 
disorder or disease. While some academic commenta-
tors either pointed out that worthwhile effects could 
still exist in some settings (210), or saw the review as a 
necessary scientific correction to set the bar differently 
for claims concerning placebo (211), some media com-
mentators interpreted the result as demonstrating the 
placebo effect to be a myth (212). Even though review 
which was updated in 2004 showed similar findings 
(213), the latest update from 2010 reported more mul-
tifaceted results (214). The recent systematic review 
showed that large analgesic effects of placebo inter-
ventions were found in several well conducted trials 
and a considerable variation in effect could in part be 
explained by differences in trial design, for example, 
effect of placebo was larger when the intervention was 
a device as compared with pill placebo. Overall popu-
lar fascination with the placebo effect, specifically 
methodologists who do not like any type of interven-
tions in medicine, fueled fascination with the placebo 
effect with unrealistic assessments of its therapeutic 
effects to rule out any treatment effects. On the same 
token, some have suggested the therapeutic poten-
tial of placebos (215).  However, all the metaanalysis 
(211,213,214) involving progressively larger number of 
studies and subjects, performed for Cochrane review, 
challenges the belief that in general that the place-
bo is powerful. Consequently, estimating the size of 
the effect of placebo is not only subject to consider-
able uncertainty, but seems to be almost impossible. 
Hróbjartsson et al (204) in their methodological analy-
sis and discussion of placebo effect studies and their 
susceptibility to response bias and to other types of 
biases, showed that the difference between placebo 
and no-treatment remains an approximately and fairly 
crude reflection of the true effect of placebo interven-
tion. They showed that a main problem is response 
bias in trials with outcomes that are based on patient’s 
reports. Other biases involve differential co-interven-
tion and patient drop-outs, publication bias, and out-
come reporting bias, however, they have ignored the 
bias of the methodologists and improper analysis, and 
lack of consideration of injection of an inactive solu-
tion into active structure. Consequently, extrapolation 
of results to clinical settings are challenging because 
of lack of clear identification of the causal factors in 
many clinical trials, and the non-clinical settings and 
short duration of most laboratory experiments. They 

(204) concluded that creative experimental efforts are 
needed to assess rigorously the clinical significance of 
placebo interventions and investigate the component 
elements that may contribute to therapeutic benefit. 
In fact, nonanalgesic solutions (e.g., saline) injected 
into painful structures have been reported to result 
in significant activity or even pain relief not only for 
spinal pain, but also for other chronic pain conditions 
(216-226). The placebo and nocebo effects, and deci-
sions to consider all local anesthetic injections as pla-
cebo, are due to a lack of understanding about the 
scientific basis for placebo and nocebo (218,219,227-
243). Further, the hazards of evidence-based medicine 
have been well described in the literature. Thus, it is 
essential to understand not only the study design but 
placebo and nocebo influences on the outcomes. 

In summary, this systematic evaluation, which was 
performed with strict standards, shows nucleoplasty 
may provide appropriate relief in properly selected pa-
tients with contained disc herniation with determined 
evidence, which is fair.

5.0 Conclusion

This systematic review illustrates limited to fair evi-
dence for nucleoplasty in managing radicular pain due 
to contained disc herniation. Nucleoplasty may provide 
appropriate relief in properly selected patients with 
contained disc herniation without significant complica-
tions and minimal morbidity.
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