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INTRODUCTION

Discogenic low back pain (LBP) from internal disc disruption (IDD) is referred to the pain reproduced by inflammatory materials 

from the nucleus pulposus which irritate the sinuvertebral nerves [1] through the annular tear. Although all IDD results in discogenic 

LBP, it has been reported that 39% of patients with chronic LBP is associated with IDD [2]. However, a diagnosis with discogenic LBP 

is known to be difficult because most patients show no characteristic changes in a disc on lumbar x-ray images, and/or computed 

tomography (CT). Black disc(s) with or without high intensity zone can be noted on magnetic resonance imaging (MRI) [3]. Therefore, 

provocation discography followed by CT-discography (CTD) has been applied to diagnose discogenic LBP [4]. To diagnose discogenic 
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LBP, a concordant pain should be provocated in the relevant discs during the discography. Then, annular disruption of the target disc 

is finally verified by the CTD. Using International Association for Study of Pain (IASP) standard, the false-positive rate of discography 

to diagnose DBP is 6% based on meta-analysis [5]. 

Current treatment options for DBP varies from pharmacologic treatment to invasive surgical procedures [6]. However, the efficacy 

of these treatments is controversial [7]. NSAIDs [8] or physical therapy [9] has resulted in only minimal or temporary pain relief 

compared to their placebo in the management of discogenic LBP. Spine fusion surgery may be considered for chronic discogenic 

LBP, however, it is invasive, accompanied with rare but severe complications [10]. As a minimal invasive procedure, intradiscal 

electrothermal therapy (IDET) was introduced to manage discogenic LBP [11]. IDET may modify the collagen fibers of the disc and 

destroy the nociceptors by thermal energy delivered through the percutaneous threading of a flexible catheter [12]. Although a 

systematic review [13] reported the evidence of IDET to be "fair" for managing DBP, there might be drawbacks, such as technical 

difficulty and risk of complications. As the temperature of the catheter tip is almost 90°C, it has been suggested that IDET weakens 

the posterior annular wall predisposing to disc prolapse. There have been three reports of cauda equina syndrome following IDET [14] 

and one report of a giant herniated disc following IDET [15]. And Kim et al. [16] reported thermal-induced osteonecrosis of adjacent 

vertebrae after IDET. 

As an alternative minimally invasive procedure for discogenic LBP, percutaneous lumbar nucleoplasty (PLN) [17,18] has been 

suggested since 2000. PLN supplied by Perc-DLE Spine WandⓇ (ArthroCare, Sunnyvale, CA, USA) utilizes coblation (controlled 

ablation) technology to dissolve nucleus pulposus, leading to a decrease in intradiscal pressure [19]. But PLN of this system may 

not make lesioning at the sinuvertebral nerves which sprouted into the disc through annular tear because the lesioning should 

be performed on the ipsilateral side and the introducer of electrode should be placed into the nucleus pulposus, not in annulus 

where the sprouting of sinuvertebral nerves occurs. To compensate this problem of conventional PLN, a curved-tip technique with 

contralateral approach (YES DISCⓇ, Mcarekorea, Seongnam-si, Republic of Korea) was devised for PLN. It is possible to rotate the 

curved-tip 360 degrees within a 5 cm range, which may contribute precise location at the target(s) during PLN. The practitioner 

can easily control the catheter tip in any directions, moving forward and backward, straight or curved. Also, this ablation produces 

the plasma which has a minimal damage on the body tissues, thereby, reduces the risk of accelerating disc degeneration which is 

a common adverse effect of disc-involving minimally invasive procedures [20]. In addition, lesioning of sinuvertebral nerves can 

be made using a contralateral approach technique. With those advantages, PLN using this device can be regarded as a safe and 

effective tool for the management of pain from herniated disc [21].

Previous studies have focused on effectiveness of PLN in the management of radicular LBP from disc herniation [17,22], which may 

stem from indirect decompression of intradiscal pressure during PLN. There have been a few studies of PLN to manage discogenic 

LBP [23]. However, diagnosis with discogenic LBP depended on only MRI and physical findings without CTD in those studies. 

Although a recent retrospective study reported that discography results before PLN could contribute to an outcome prediction [24], 

it was only a single provocative discography without following CT confirmation. 

Despite multiple advantages of PLN, there are not enough literature investigating the clinical effects of PLN on IDD. Moreover, the 

predictive factors, which can affect successful PLN outcomes, have not yet been investigated. Therefore, the aim of this study was to 

investigate the effectiveness of PLN to manage discogenic LBP which was diagnosed by CTD and explore clinical factors associated 

with the successful procedure. 

MATERIALS AND METHODS

1. Patients
This retrospective study was approved by the institutional review board (IRB) of Seoul National University Hospital, Seoul (SNUH 
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IRB No.1805-128-948), Republic of Korea, a university-based tertiary civilian hospital. The manuscript adheres to the applicable 

STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines [25]. The need for obtaining informed 

consent from the patients was waived because of the retrospective nature of the study.

After obtaining IRB approval, the medical records of the consecutive patients who underwent lumbar discography between Jan. 

1, 2012, and December 31, 2017 were reviewed. Patients with axial LBP with moderate to severe degenerative disc disease without 

severe herniation in MRI were suspicious of lumbar discogenic pain and underwent discography. To confirm discogenic pain, 

provocative discography and CT-discography (CTD) were mandatorily performed. If concordant pain was reproduced in the relevant 

disc by the discography, the patient was underwent additional CTD to confirm internal annular disruption of the pain-provoked disc 

level. Then, the patients who fulfilled positive discography and CTD were selected as candidates for PLN. 

Inclusion criteria in this study were as follows; (1) patients who underwent PLN using YES DISCⓇ (Mcarekorea, Seongnam-

si, Republic of Korea) by one pain physician (YCK) due to discogenic LBP after selection of the corresponding level of disc(s) by 

provocation discography and CT-discography (CTD); (2) aged 20-80 years; (3) pain duration > 3 months; (4) predominant LBP rather 

than radicular or referred leg pain; (5) 11-point numerical-rating-scale (NRS) pain score [26] of 4 or higher after receiving at least 

3-month conservative treatment, including oral medication, physical therapy, and epidural steroid injections, etc.

Exclusion criteria were as follows (1) a large contained or sequestered herniation disc or a loss of more than 50% of disc height 

at the target level in lumbar MRI; (2) neurogenic claudication due to lumbar spinal stenosis; (3) spondylolisthesis at a symptomatic 

disc level; (4) absence of CTD; (5) absence of lumbar spinal MRI one month prior to PLN; (6) surgical procedure in the lumbar spine 

prior to PLN; (7) psychological disorders that may affect treatment outcome; (8) concurrent medical condition that could interfere 

with follow-up care or evaluation; and (9) pregnant women, the patients with coagulation disorder, general infection, fever, or local 

infection at the puncture site. 

All patients treated between Jan. 1, 2012, and December 31, 2017 who met the above-noted criteria were included in our analysis.

2. Percutaneous lumbar nucleoplasty 
All patients received an intravenous injection of prophylactic antibiotics (1 g of cefazolin in 100 ml of normal saline) 1 hour 

before PLN after confirmation of a negative skin test result and administration of 500 mL of Hartman’s Solution. After entering the 

procedure room, patients were placed in a prone position with a pillow under the abdomen to decrease the lumbar lordosis, and 

electrocardiography, heart rate, noninvasive blood pressure, and peripheral oxygen saturation were monitored. All procedures were 

conducted in a strict, sterile manner using local anesthetics. After the skin preparation with betadine soap and betadine solution, 

sterilized drapes were applied to the target area. Throughout the PLN, C-arm fluoroscopy was used in the anteroposterior and lateral 

images to confirm the target disc, align the endplates of the vertebra body, and direct needle placement onto the disc surface.

First, the interventionist inserted a 14-gauge introducer needle contra-laterally in the intervertebral disc to be treated using a 

posterolateral approach via under the C-arm fluoroscopy. The needle tip was placed into the margin of the annulus fibrosus and 

nucleus pulposus. Then, the stylet within the introducer was removed and YES DISCⓇ (Mcarekorea, Seongnam-si, Republic of Korea) 

catheter was inserted into the introducer, which resulted in the placement of 5 cm coblation tip in the nucleus pulposus. Guided by 

the fluoroscopy, the 2 mm active tip was advanced circumferentially around the inner surface of the posterior annular tear lesion 

which was detected in CTD using specially designed moving tip by forward/backward and straight/bending wheel. Then the device 

was connected the backside of connection on Generator, MK-5000 (Mcarekorea, Seongnam-si, Republic of Korea), for YES DISCⓇ 

cable. After confirming no stimulation of nerve root by checking paresthesia radiated to the leg with 50 Hz of test stimulation, the 

lesion area was created handling foot plate of YES DISCⓇ generator. The practitioner usually lesioned the tear site which confirmed 

on the CTD 5-6 times for 10-15 seconds at 15-30 watt (Fig. 1). If the tear site was broad, the practitioner moved the catheter 

slightly backward and repeat the lesioning until covering all the affected area. After lesioning, the catheter was removed, and 1.0 ml 
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of 0.125% levobupivacaine and 5 mg of cefazolin mixture was injected at the lesioned disc and along the needle trajectory during 

the removal of the needle. There was no need of any suture of skin incision site. After the procedure, patients were observed for 4 

hours for checking any complications related to the procedure such as motor or sensory deficit; they were asked to have a bedrest in 

the supine position for 24 hours. Patients were advised to apply a waist protector for 2 weeks and to avoid vigorous activities for 4 

weeks. Patients were discharged the next day after confirming that there was no pain or sensory and motor abnormality related to 

the procedure. And they visited the outpatient clinic after 1 and 6 months for the evaluation.

3. Data collection
Pre-, intra-, and post-procedure information were collected. For preoperative information, we collected age, sex, body mass 

index (BMI) using height and weight, comorbid psychiatric conditions (depression and mood disorder), litigation status, disease 

duration, the number of the operated disc, the level of the operated disc, the Modified Dallas Discogram Scale checked by CTD, 

preoperative MRI findings, and current using analgesic (none, nonsteroidal anti-inflammatory drugs, and weak and strong opioids). 

Postprocedural variables including any changes in analgesics and incidence of additional treatment for discogenic pain (disc 

injection or rami-communicans block) for 6 months after PLN were also recorded.

The primary outcome measure was pain as measured on an 11-point numerical rating-scale (NRS) pain score with 0 as the lowest 

score (no pain at all) and 10 as the highest score (unbearable pain). Before undergoing PLN, the patients were asked to rate their 

average daily level of back pain, and were reassessed two-four weeks after the procedure, and six months after the procedure using 

the same pain scale. The reduction of NRS pain score by ≥ 50% at the patient’s 6-month follow up, no increase in analgesics, and no 

additional treatment of discogenic LBP over the entire follow-up period were considered effective.

Any complications that occurred after the procedure (e.g. lower extremity motor weakness, sensory changes, discitis, hematoma, 

infection) were reviewed within the 6 months following the procedure.

4. Statistical analysis
Patients were classified into either the positive or negative outcome group, according to the suggested success criteria. Between-

group comparisons of patients’ characteristics were made using Student t-tests (continuous variables) and χ2 or Fisher’s exact tests 

Fig. 1. Lesions created by the YES DISCⓇ device during percutaneous lumbar 

nucleoplasty.
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(descriptive variables). P values less than 0.05 were considered statistically significant.

To quantify the relationship between positive outcomes and patients’ clinical and demographic characteristics, binary logistic 

regression techniques were used. To determine independent positive prognostic factors of PLN, multivariate logistic regression 

analyses were performed with variables showing a statistical significance (P < 0.2) via univariate analyses, using a stepwise method. 

Baseline reference characteristics were male sex, no litigation status, no concurrent psychiatric disease, single disc lesion, low 

Modified Dallas Discogram Scale, absence of herniated disc, and no analgesic use.

All parametric data are presented as mean ± standard deviation (SD) or median (interquartile range), and nonparametric data as 

numbers and proportions (%). Odds ratios (ORs) and 95% confidence intervals (CIs) were also calculated as required. All statistical 

analyses were performed using SPSS Statistics version 23.0 (IBM, Armonk, New York, USA).

RESULTS

We reviewed the medical records of 126 patients who underwent PLN between Jan. 1, 2012, and December 31, 2017. Of these, 

patients were excluded from our analyses for the following reasons: (1) underwent lumbar discectomy with nucleoplasty (n = 36); (2) 

absence of CTD before the lumbar nucleoplasty (n = 2); (3) procedure was done by another device (n = 2); (4) absence of 6-month 

follow-up data (n = 6). Therefore, 80 patients were included in our analyses (Fig. 2).

Patient demographics and characteristics are given in Table 1. In the level of disc for the PLN, lower lumbar disc levels were more 

affected than upper ones. More than half of the patients showed grade 4 or 5 in Modified Dallas Discogram Scale (67.5%).

Table 1 shows a comparison between the demographic and clinical variables of the positive versus negative outcome groups 

based on the prescribed success criteria. Among the entire cohort (n = 80), 56 patients (70.0%) experienced a successful outcome 

after PLN. The baseline characteristics and demographics showed no significant difference between the positive and the negative 

Assessed for eligibility (n = 126)

6-month follow-up (n = 80)

Successful responder?

- At least 50% decrease of the

numeric rating scale pain score

- No increase in analgesics

- No additional treatment during

follow-up periods

Analysis (n = 56) Analysis (n = 24)

Excluded (n = 46)

- Underwent lumbar discectomy with

nucleoplasty (n = 36)

- Absence of CT-discography (n = 2)

- Using other device (n = 2)

- Loss of 6-month follow-up (n = 6)

Yes No

Fig. 2. Flow diagram showing the process of patient inclusion in the study.



Percutaneous Lumbar Nuceloplasty in Low Back Pain
Yongjae Yoo, et al

 International Journal of Pain20  International Journal of Pain

outcome group.

Fig. 3 shows changes over time in NRS pain scores after PLN. Baseline NRS pain scores were not significantly different between 

the positive and negative outcome groups (6.71 ± 1.85 vs. 6.46 ± 1.84; P = 0.57). Overall, NRS pain scores were reduced 1 month 

from baseline (4.29 ± 2.49; P < 0.001 compared with baseline) and further reduced 6 months from baseline (2.85 ± 2.31; P < 0.001 

compared with baseline, and P < 0.001 compared with 1-month follow-up). In the positive outcome group, NRS pain scores were 

significantly decreased 1 month from baseline (3.59 ± 2.45; P < 0.001 compared with baseline), and more at 6 months from baseline 

(1.70 ± 1.35; P < 0.001 compared with baseline, and P < 0.001 compared with 1-month follow-up). In the negative outcome group, 

NRS pain scores were significantly decreased by 6 months from baseline only (5.54 ± 1.79; P = 0.007).

Table 2 shows clinical factors associated with outcome using both univariate and multivariate analyses. Basic demographics and 

variables showing a trend toward statistical significance (P < 0.2) via univariate analysis, including litigation (P = 0.08), the number 

of operated discs (P = 0.17), procedure at L3/L4 disc level (P = 0.05), comorbid psychiatric conditions (P = 0.12) and higher Modified 

Dallas Discogram Scale (P = 0.03).

Table 1. Comparison of demographics between positive and negative outcome groups

Variables Total (N = 80) Positive Outcome (N = 56) Negative Outcome (N = 24) P value

Age (yrs) 54.49 ± 10.15 53.96 ± 10.49 55.71 ± 9.41 0.49

Sex (M/F) 29/51 20/36 9/15 0.88

BMI, Kg/m2 23.16 ± 3.24  23.12 ± 3.12 23.26 ± 3.56 0.85

Comorbid psychiatric condition 7 (8.8%) 3 (5.4%) 4 (16.7%) 0.19

Litigation status 4 (5.0%) 1 (1.8%) 3 (12.5%) 0.08

Disease duration (months) 42.0 (12.0–72.0) 48.0 (12.0-81.0) 36.0 (24.0-72.0) 0.97

Number of the operated disc 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 0.70

Level of the operated disc

   L1/L2 3 (3.8) 2 (3.6) 1 (4.2) > 0.99

   L2/L3 7 (8.8) 6 (10.7) 1 (4.2) 0.67

   L3/L4 23 (28.8) 20 (35.7) 3 (12.5) 0.06

   L4/5 42 (52.5) 29 (51.8) 13 (54.2) 0.85

   L5/S1 45 (56.3) 31 (55.4) 14 (58.3) 0.81

Modified Dallas Discogram Scale

   0 1 (1.3) 0 (0.0) 1 (4.2) 0.30

   1 2 (2.5) 1 (1.8) 1 (4.2) 0.51

   2 4 (5.0) 1 (1.8) 3 (12.5) 0.08

   3 19 (23.8) 13 (23.2) 6 (25.0) > 0.99

   4 49 (61.3) 37 (66.1) 12 (50.0) 0.21

   5 5 (6.3) 4 (7.1) 1 (4.2) > 0.99

Preoperative MRI findings

   Disc herniation 33 (41.3) 25 (44.6) 8 (33.3) 0.35

   Modic change 8 (10.0) 6 (10.7) 2 (8.3) > 0.99

   High intensity zone 22 (27.5) 16 (28.6) 6 (25.0) 0.74

Analgesic use 7 (29.2) 5 (33.3) 2 (22.2) 0.67

Preoperative NRS 6.64 ± 1.85 6.71 ± 1.87 6.46 ± 1.84 0.57

Data are expressed as number (%), means (± SD), or median (interquartile range).
BMI, body mass index; NRS, numeric rating scale.
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Among the demographics and selected clinical variables, PLN at L3/L4 disc level (adjusted OR = 4.91; P = 0.03) and higher Modified 

Dallas Discogram Scale (adjusted OR = 2.13; P = 0.02) were independent positive predictors of successful PLN. There were no 

significant complications like discitis, hematoma, or infection.

Table 2. Multivariate analysis between outcome and clinical variables (r2 = 0.187)

Univariate Analysis Multivariate Analysis

OR (95% CI) P-value OR (95% CI) P-value

Age 0.98 (0.94, 1.03) 0.48 0.97 (0.92, 1.03) 0.30

Male 0.93 (0.34, 2.49) 0.88 0.71 (0.23, 2.19) 0.55

BMI 0.99 (0.85, 1.14) 0.85

Litigation 0.13 (0.01, 1.29) 0.08 0.18 (0.02, 1.90) 0.15

Duration of pain 1.00 (0.99, 1.01) 0.37

Numbers of discs 1.80 (0.79, 4.13) 0.17 1.31 (0.56, 3.05) 0.53

Level of disc

   L1/L2 0.85 (0.07, 9.87) 0.90

   L2/L3  2.76 (0.31, 24.27) 0.36

   L3/L4  3.89 (1.03, 14.67) 0.05 4.91 (1.18, 20.38) 0.03

   L4/L5 0.91 (0.35, 2.37) 0.85

   L5/S1 0.89 (0.34, 2.33) 0.81

Modified Dallas Discogram Scale 1.89 (1.07, 3.36) 0.03 2.13 (1.13, 4.03) 0.02

MRI findings

   Disc herniation 1.61 (0.59, 4.38) 0.35

   Modic change 1.32 (0.25, 7.06) 0.75

   High intensity zone 1.20 (0.40, 3.57) 0.74

Analgesic use 1.06 (0.37, 3.02) 0.92

Psychiatric comorbidity 0.28 (0.06, 1.38) 0.12 0.31 (0.04, 2.32) 0.25

Pre NRS score 1.08 (0.83, 1.40) 0.57

Backward elimination was conducted to remain significant variables (P-value < 0.05).
OR, odds ratio; CI, confidence interval; BMI, body mass index; NRS, numeral rating scale.

Total
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Fig. 3. Changes over time in numerical rating scale pain scores after percutaneous 
lumbar nucleoplasty in positive and negative outcome groups. Data are shown as 
means and standard deviations. *P < 0.001 compared with baseline; *†P < 0.001 
compared with 1-month follow-up. NRS = numerical rating scale.
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DISCUSSION

In this study, we found that the overall NRS pain scores of patients who received PLN were decreased significantly at 1- and 

6-month follow-up. The pain scores were decreased continuously during 6 month follow-up period. In the positive outcome group, 

the Modified Dallas Discogram Scale was higher. Moreover, the L3/L4 level YES DISCⓇ procedure was more effective than other 

lesions. Multivariate analyses show that a procedure at L3/L4 level disc, a high Modified Dallas Discogram Scale at CTD were the 

clinical factors related with the successful outcome of PLN.

Previous studies have reported variable outcomes of lumbar nucleoplasty, like success rate of 82% in patients with no prior surgical 

intervention [27] and the patient satisfaction rate from 73% in the early postoperative period to 61% at 6 months postoperatively 

[28]. Using the predefined successful outcome criteria, the success rate of YES DISCⓇ procedure in our study was 70% in patients 

with IDD, which is similar to previous studies. In addition, our result is focused on the treatment of IDD, which confirmed by 

provocation discography and CTD. Percutaneous nucleoplasty using coblation technique was approved for the treatment of 

LBP in July 2000 [29]. This is accomplished by applying radiofrequency (RF) energy to a conductive medium, thereby inducing a 

plasma field to form around the charged electrodes [19]. The ionized particles that are created possess sufficient energy to break 

molecular bonds within tissue (i.e., nucleus pulposus), thus forming a coblation technique involves the use of radiofrequency energy 

which created a 1-nm thick region of precisely focused plasma at the tip of the wand [29]. But the decompression mechanism by 

nucleoplasty could not explain that the patients with a full-thickness tear of the annulus fibrosus experienced improvement of 

symptoms after nucleoplasty [30]. It was introduced that the mechanism of percutaneous nucleoplasty involves the reduction of 

the release of inflammatory mediators [31]. Moreover, in some animal study [32], the coblation technique reduced phospholipase A2 

activity in degenerated intervertebral discs, suggesting that the effects of coblation energy on inflammatory factors may be one of 

the mechanisms of the treatment [33]. 

In Our study, we did the lumbar discography for all patients as a diagnostic test for IDD. The lumbar provocation discography 

performed according to IASP criteria might be a useful tool for evaluating chronic lumbar discogenic pain [34]. And we evaluated 

CTD and checked the Modified Dallas Discogram Scale by experienced radiologist. The Dallas Discogram Classification system was 

first described in 1980 and modified by Aprill and Bogduk et al. [3] in 1992, and then finally modified in 1996. Vanharanta et al. 

reported an association between the tear expansion in the annulus fibrosus and the degree of pain elicited during discography [35]. 

With this provocation discography and CTD protocol, we found the painful disc and exact annular tear or fissure area of the disc. 

The results obtained in our study indicate the coblation treatment at target lesion is related with the successful outcome. 

Mechanical causes of LBP include degenerative process, herniated disc, spinal stenosis, spondylosis, or discogenic pain [36]. It is 

presumed that patients with more lumbar spinal diseases show less effectiveness with percutaneous lumbar nucleoplasty because 

multiple factors are related to their pain.

Interestingly, PLN at L3/4 level was more effective than other levels in our study. The possible reason for this difference is that the 

patient with L3/4 lesion showed only one level disc lesion. Another possibility may be L3/4 disc was less related to other comorbid 

spinal conditions like spinal stenosis or disc herniation. On the other hand, the possibility that there was extraordinary characteristic 

in our patient's cohort cannot be excluded.

Previous study with IDET showed that clinical improvements can be realized after IDET in select surgical candidates with mild 

disc degeneration and high intensity zone (HIZ) in MRI, discography, and low-grade Dallas Discogram Scale, with more effective 

treatment results [37]. On the other hand, PLN was more successful in the presence of high-grade Modified Dallas Discogram 

Scale in our study and shows no significant relationship with HIZ in MRI. This suggests that contra-lateral approach technique and 

navigable catheter ablation during YES DISCⓇ procedure can reduce pain by treating severe annular tear than conventional IDET 

regardless of MRI findings.
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This study has inherent limitations. First of all, the retrospective nature is an obvious weakness. We didn’t control the additional 

procedure after PLN and medications. We also may be criticized for not checking other parameters such as Oswestry Disability 

Index (ODI) or patient satisfaction score. Nonetheless, as we included only patients with IDD confirmed by IASP guideline and 

CTD, our results could suggest the clinical factors associated with the positive outcome of PLN using YES DISCⓇ in IDD patients. If 

conservative management was not helpful in IDD patients, especially with high degree annular teat, physicians should consider PLN 

as the following treatment method to avoid invasive surgery. This is the first study that statistically evaluated predictors of successful 

percutaneous lumbar nucleoplasty in patients with IDD. Further prospective studies will be required to ascertain our results.

In this study, PLN was found to be safe and effective for the management of discogenic LBP from IDD. 70% of the included 

patients showed more than 50% pain reduction, without any complications during the 6-month follow-up period. The high-grade 

Modified Dallas Discogram Scale and L3/L4 level treatment were positive predictors for successful PLN.
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