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Background: Contained lumbar disc herniations frequently cause back- and leg pain. Clinical outcomes 
with surgical treatment may be affected by the size and location of the disc herniation. The surgical 
directly visualized transforaminal endoscopic decompression has gained acceptance and popularity, while 
the simplified percutaneous laser disc decompression has fallen out of favor in spite of its initial success as 
a minimally invasive intervention. In an attempt to better understand the durability of both procedures, 
the authors performed a comparative analysis of clinical outcomes in patients with contained lumbar disc 
herniations.
Methods: The study population was comprised 248 patients consisting of 162 patients in the endoscopy 
group (group 1) and 86 patients in the laser group (group 2). Primary outcome measures were Macnab 
criteria. Herniations were classified as large or small. Additional parameters of advanced degeneration of the 
lumbar motion segment including posterior disc- and lateral recess height of <3 mm were recorded. IBM 
SPSS 25.0 was used for Kaplan-Meier survival analysis and cross-tabulation of these variables with statistical 
testing for significant associations.
Results: The mean follow-up was 43.5 months. The serial time recorded for Kaplan-Meier analysis ranged 
from 1.5 to 84 months. The mean age was 53.37 years (standard deviation =14.65 years). The majority of 
patients had Excellent and Good Macnab outcomes (212/248; 85.5%) regardless of treatment. Fair and Poor 
results were achieved in another 36 patients (14.5%). There was a higher percentage of Excellent Macnab 
outcomes in the endoscopy group (94/162; 58.0%) than in the laser group (38/86; 44.2%) at a statistical 
significant level (P<0.0001). There was a statistically significantly higher percentage of Excellent and Good 
Macnab outcomes with endoscopic decompression of small paracentral herniations (97.1%; P<0.0001). 
Percutaneous laser decompression of large central disc herniations was not statistically better than endoscopic 
surgical decompression (P=0.125). Endoscopic bony and soft tissue decompression was also better than 
laser at alleviating symptoms in patients with reduced posterior disc- and lateral recess height with 96.7% in 
patients with reduced disc height of <3 mm and 94% in patients with reduced lateral recess height of <3 mm 
(P=0.001). Kaplan-Meier (K-M) Survival time showed longer median survival of the treatment benefit for 
patients who underwent visualized endoscopic surgical decompression (66.0 months) compared to median 
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Introduction

Endoscopic decompression of contained lumbar herniated 
disc causing sciatica-type low back and leg pain has become 
mainstream in many countries as an alternative to open, 
or other types of minimally invasive translaminar surgeries 
(1-4). The endoscopic surgery is typically done in an 
outpatient surgery center and can be done under local 
anesthesia and sedation (5). Therefore, it caters to the well-
informed patient that is accustomed to using all sources of 
information at his or her disposal, including the internet, 
social media, and other online sources. However, for some 
patients with medical comorbidities, even the endoscopic 
surgery may be considered too aggressive of an option 
as they debate the risks versus reward. The thought of 
having surgery is associated with fear of having a surgical 
complication or postoperative infection, which could result 
in prolonged unforeseen aftercare.

Percutaneous laser decompression has seen a renaissance 
after nearly 20 years of relative silence and seemingly 
never has lost its appeal to patients (6). Most of them 
readily recognize and identify the laser with cutting edge 
technology, modern medicine, and frequently search out 
practices that advertise the use of lasers in their patient care 
programs. Newer, more advanced laser technologies and 
more user-friendly clinical applications with tabletop units 
have simplified the reintegration of lasers into an outpatient 
spinal surgery or office-based pain management program (7). 
For these reasons, percutaneous laser decompression has 
made a reappearance into the world of interventional pain 
management and is being pushed by industry to compete 
with other forms of minimally invasive spinal surgery 
including the outpatient endoscopic lumbar decompression 
surgery.

In this study, the authors attempted to compare clinical 

outcomes between visualized endoscopic transforaminal 
su rg i ca l  and  percu taneous  in te rven t iona l  l a s e r 
decompression for a defined clinical indication of contained 
lumbar herniated disc, causing discogenic pain and stenosis-
related sciatica symptoms. This type of herniation is more 
common in the elderly than extruded disc herniations. 
In combination with age-related degenerative changes of 
the lumbar motion segment causing bony lateral recess 
stenosis, this may gradually impact the patient’s functioning 
and cause pain and claudication with associated disability. 
Typically, limited walking endurance is the consequence. 
The symptoms may go along with dysesthesias but 
are rarely associated with weakness and severe motor 
dysfunction. Therefore, many patients go on for years 
with ongoing acute on chronic episodes before they 
decide for interventions. The authors of this study were 
interested in analyzing the clinical outcomes with the 
transforaminal directly visualized endoscopic surgical 
and the non-visualized percutaneous laser interventional 
disc decompression by performing Kaplan-Meier survival 
analysis of the duration of the treatment benefit to define 
the clinical role of these two treatments better.

Methods

Patients

All patients in this case series suffered from sciatica-type 
low back and leg pain along claudication symptoms due 
to a contained lumbar disc herniation or lateral recess 
compromise. This retrospective study selected from groups 
of consecutive patients seen in clinics of the participating 
study sites. The study population was divided into two 
groups: Group 1 consisted of patients who underwent 
outpatient surgical directly visualized lumbar endoscopic 

K-M survival time for percutaneous laser decompression of 17 months (P<0.0001).
Conclusions: Transforaminal endoscopic decompression for symptomatic herniated disc is an effective 
and durable surgical treatment to alleviate sciatica-type and back symptoms in the vast majority of patients 
with good long-term survival of pain relief for up to six years. Interventional percutaneous non-visualized 
laser decompression for the same condition may provide favorable outcomes in the short-term with soft 
protrusions. However, the treatment effect deteriorates much faster with a median survival of 17 months.
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transforaminal endoscopic discectomy. Group 2 patients 
were treated with a non-visualized interventional 
percutaneous laser decompression as an alternative 
procedure for the same clinical indication. All patients 
provided informed consent. The total study population 
consisted of 248 patients with 162 patients in group 1 and 
86 patients in group 2, respectively. Patients were matched 
to age, gender, and diagnosis to avoid introduction of 
additional confounding factors or unforeseen biases. Patient 
enrollment at the study sites took place between 2012 and 
2018. The mean follow-up was 43.5 months. The serial 
time recorded for Kaplan-Meier analysis ranged from 1.5 
to 84 months. The patients’ age ranged from 19 to 84 years 
with a mean age of 53.37 years [standard deviation (SDV) 
=14.65 years] with a nearly normal distribution (Figure 1). 
There were 134 females (54%) and 114 males (46%) in the 
study population. The inclusion and exclusion criteria for 
this study have been published elsewhere in detail and are 
briefly described in the following (8-10).

Inclusion/exclusion and radiographic criteria

Patients were stratified for treatment by obtaining 
a thorough history, physical examination, and by a 
thorough evaluation of the advanced preoperative imaging 
studies. Patients with a demonstrably contained lumbar 
disc herniation and failed non-operative treatment 
for a minimum of 12 weeks were selected for this 
focused comparative study between the interventional 
percutaneous laser and the surgical and directly visualized 

endoscopic decompression. The size and location of the 
contained herniation in the spinal canal, lateral recess, 
and neuroforamen was graded and recorded according 
to well-established radiographic classification systems 
(11-13), which had been used by the first and senior 
contributing author in similar clinical outcome studies 
(5,8-10). Additional established radiographic stenosis 
parameters to assess the posterior intervertebral disc and 
foraminal height were employed (14). In short, a lumbar 
neuroforaminal height of 15 mm or less and a reduced 
posterior intervertebral disc height of 3 or less was graded 
as abnormal (14).

Moreover, reduced neuroforaminal width of 3 mm or 
less as measured on the sagittal MRI cuts, or lateral recess 
height of 3 mm or less on the axial MRI cuts were necessary 
prerequisites for inclusion in this study. The size of a 
contained central or paracentral herniation was classified 
as large if it measured more than 10 mm at the base on 
axial MRI cuts, and as small if it measured less than 10 mm.  
At times patients with multilevel disease underwent 
additional interventional work-up using a selective nerve 
root block protocol described elsewhere to determine the 
most symptomatic level best suited for intervention (15-19). 
For clarity of statistical data analysis in multilevel patients, 
the size of the herniation was recorded on the basis of the 
most symptomatic level. Patients with infection, tumor or 
metastatic disease, and spondylolisthesis were excluded. 
The authors considered the inclusion of rigid grade I 
spondylolisthesis patients but decided against it since at least 
in the endoscopic surgery patients (group 1) the theoretical 
possibility of introducing iatrogenic instability existed. 
Patients with severe central stenosis: <100 mm2 (20); and 
suspected symptoms due to facet arthropathy, or excessive 
facet hypertrophy were also excluded since it could impact 
the authors’ ability to execute the two different types of 
transforaminal decompression procedures.

Directly visualized transforaminal endoscopic surgical 
technique

All endoscopic surgical  procedures employed the 
t rans foramina l  approach  us ing  the  “outs ide- in” 
technique (21,22). This required the surgeons to access 
the neuroforamen with serial dilation and to perform a 
foraminoplasty using trephines and motorized drills to 
place a working cannula into the safe zone bordered by the 
pedicle inferiorly, the traversing nerve root medially, and the 
exiting nerve root laterally. The senior author has published 

Figure 1 Age distribution of the 248 study patients with the 
superimposed expected normal distribution (black line). Patient’s 
age ranged from 19 to 84 years of age and averaged 53.37 years.
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the details of the surgical decompression employed in this 
study group elsewhere (8-10). A radiofrequency probe 
(Elliquence®) was used for control of bleeding, shrinkage 
and ablation of disc an annular tissue (23). Intraoperative 
fluoroscopic image guidance was used during the visualized 
endoscopic decompression surgery. An exemplary case is 
shown in Figure 2.

Non-visualized percutaneous laser decompression technique

For the percutaneous laser decompression, the Leonardo® 
Dual diode laser platform (biolitec®) which employs 
two wavelengths enabling tissue interaction with both 
hemoglobin (980 nm) and water (1,470 nm) was used 
(6,7). A flexible laser fiber with a diameter of 360 µm 
was introduced into the center of the herniated disc 
via the transforaminal approach using a spinal needle 

(Evolve®) (7). With this technology, disc tissue is vaporized 
reducing the intradiscal pressure and the size of the disc 
herniation by thermally shrinking it (7). The resultant 
volumetric decompression and thermal denervation effect 
of nociceptive receptors in the annulus fibrosus has been 
credited as being the primary mechanisms of pain relief in 
patients with contained herniated discs (6). The biolitec® 
Leonardo® diode laser using a combination of 980  and 
1,470 nm set at 7 W, 0.6 s pulses at 1 s intervals was used to 
a total energy delivered of 1,500 J. The needle placement 
for the percutaneous laser decompression was done with 
intraoperative fluoroscopic image guidance. An exemplary 
case is shown in Figure 3.

Clinical follow-up

The success of the visualized transforaminal or endoscopic 

Figure 2 Preoperative (A) axial and (B) sagittal MRI scan of a 45-year-old female patient with a large L4/5 central contained disc herniation. 
The patient underwent transforaminal outside-in endoscopic decompression on the symptomatic right side and a large amount of amount 
of disc tissue (C) was removed. The working cannula is placed into the safe zone between traversing, and exiting nerve root (D,E). A large 
foraminoplasty (F) with partial resection of the superior articular process and entry into facet joint was necessary to achieve resection of 
large portions of the central contained disc herniation. Only highly skilled endoscopic spine surgeons will be able to perform this difficult 
decompression. Subtotal discectomy is shown in this clinical case example (F). Postoperatively, the patient reported 90% of sciatica 
symptoms.

A

B

C

D E

F



Lewandrowski et al. Laser decompression for contained lumbar herniated disc

J Spine Surg 2020;6(Suppl 1):S84-S99 | http://dx.doi.org/10.21037/jss.2019.09.13© Journal of Spine Surgery. All rights reserved.

S88

surgical decompression or the percutaneous interventional 
laser procedure was evaluated using the modified Macnab 
criteria as the primary clinical outcome measures (24). 
According to Macnab, patients’ clinical outcomes were 
graded as Excellent if they had little pain and returned 
to desired activities with few limitations. Good outcomes 
indicated that patients had occasional pain or dysesthesias 
with daily activities with minor restrictions, and did not 
need any pain medication. If patients still needed pain 
medication postoperatively but still rated themselves as 
improved, they were assigned a Fair clinical outcome 
status. Patients whose function worsened postoperatively 
or needed additional surgery to treat residual or unresolved 
symptoms were categorized as having had a Poor clinical 
outcome from either one of the two procedures. Patients 
were regularly seen at 2, and 6 weeks postoperatively, and 
then at 3, 6, 12, and 24 months postoperatively (secular 
time). The time from enrollment into the study to loss 
of postoperative treatment benefit or deterioration (end-
point variable for each patient) was recorded as the serial 
time which was used for the construction of survival time 
of the treatment probabilities and curves. Patients who 
maintained treatment benefit throughout the study period 
were censored (see below “Correlative surgical outcomes 
analysis”) because the total survival time for these patients 

could not be accurately assessed. At each follow-up visit, 
patients were asked whether they went to an emergency 
room for any unforeseen postoperative problems or whether 
they were admitted to a hospital for any complications 
or sequelae (unavoidable problems following an expertly 
executed surgery).

Postoperative rehabilitation

Most patients did not require postoperative rehabilitation 
and supportive care requirements. Some of the endoscopic 
decompression patients (group 1) were treated for 
postoperative irritation of the dorsal root ganglion 
with nonsteroidal anti-inflammatories, gabapentin, and 
transforaminal epidural steroid injections (TESI) to treat 
any postoperative dysesthetic leg pain syndromes.

Correlative surgical outcomes analysis

For the clinical outcome analysis, descriptive statistics 
(mean and standard deviation), cross tabulation statistics 
and measures of association were computed for two-way 
tables using IBM SPSS Statistics software, Version 25.0. 
The Pearson χ2 and the likelihood-ratio χ2 tests were used as 
statistical measures of association. At each individual and at 

Figure 3 Preoperative (A) axial and (B) sagittal MRI scan of a 57-year old female patient with a large L4/5 central contained disc herniation 
causing central and lateral recess stenosis. The patient underwent transforaminal percutaneous laser disc decompression (PLDD). The 
spinal needle used to advance the laser fiber (C,D,E) is placed into the center of the intervertebral disc in both the lateral (C) and the 
posteroanterior (D) plane. The laser fiber applicator is inserted percutaneously through the transforaminal window.
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final follow-up, primary clinical VAS and Macnab outcome 
measures were recorded and compared to their preoperative 
baseline. Two-tailed t-test, ANOVA testing, and cross-
tabulation statistics and measures of association were 
computed for two-way tables using IBM SPSS Statistics 
software, Version 25.0. Descriptive statistic measures were 
used to calculate the mean, range, and standard deviation 
as well as percentages. Crosstabulation methods were used 
to assess for any statistically significant association between 
the type of decompression technology used and the clinical 
outcome data based on the modified Macnab. Pearson Chi-
square and Fisher’s exact test were employed as statistical 
measures of association. Expected cell counts, continuity 
corrections, and Likelihood ratios were calculated for some 
analyses. Kaplan-Meier (K-M) survival time probabilities and 
curves were constructed from tables containing: (I) patients’ 
serial time; (II) their status at serial time {Macnab outcome: 
excellent [1], good [2], fair [3], and poor [4]; 0= censored if 
the total survival time for a patient could not be accurately 
assessed}; and (III) study group [group 1 (endoscopy) or 2 
(laser)]. These tables were sorted in an ascending manner 
beginning with the shortest serial times for each group. 
Patients who were censored included patients who dropped 
out of the study, were lost to follow-up, or in whom required 
data was not available. Patients with maintained treatment 
benefit from either endoscopy or laser at the end of study, i.e., 
they survived at least until the end of the study, but there 
was no knowledge of what happened thereafter were also 
censored. The cumulative probability of surviving (continued 
treatment benefit with endoscopy or laser decompression) 
excluding censored events is seen on the Y-axis of the K-M 
plot allowing to analyze patient treatment intervals of 
varying duration. The difference between the endoscopic 
surgical and laser decompression survival curves was 
quantified for statistical significance using the log rank test 
which was used to calculated the Chi-square (X2) for each 
event time in the two treatment arms. The summed results 
for each group were added to derive the ultimate Chi-square 
to compare the full K-M curves obtained for the endoscopic 
surgery or percutaneous interventional laser treatment 
group. The confidence intervals (95%) for the Likelihood 
ratios were calculated using the “log method” according to 
Altman et al. (25).

Results

The 162 endoscopic decompression patients (65.3%) had 
surgery by the authors at equal portions at their respective 

surgical facilities. The remaining 86 percutaneous laser 
patients (34.7%) underwent surgery by PSTC and his 
team. The laterality of symptoms was nearly even with 
114 patients (46%) undergoing treatment on the left, 88 
patients (35.5%) on the right, and another 46 patients 
(18.5%) bilaterally, respectively. Paracentral disc herniations 
were found in 180 patients (72.6%), and central herniations 
were diagnosed in the remaining 68 patients (27.4%), 
respectively. Analysis of the MRI imaging criteria of 
advanced degeneration of the lumbar motion segment and 
the resulting stenosis in the neuroforamen and lateral recess 
showed the posterior disc height reduced below 3 mm in 
72 patients (29%), and above 3 mm in 176 patients (71%), 
respectively. The lateral recess height was reduced below  
3 mm in 165 patients (66.5%), and above 3 mm in 83 
patients (33.5%), respectively. Large contained disc 
herniations (>10 mm across at their base) were noted on 
preoperative MRI studies of 99 of the 248 study patients 
(39.9%). Small disc herniations (<10 mm across at their 
base) were recorded in another 149 patients (60.1%).

As expected, the L4/5 level was the most commonly 
operated level (96/248; 38.7%), followed by two-level 
surgery from L4 to S1 (50/248; 20.2%), and L5/S1 (42/248; 
16.9%), respectively (Table 1). These levels were operated 
on more frequently than any other level(s) at a statistically 
significant level (P<0.001). There was no statistically 
significant difference in the level distribution between 
group 1 (endoscopy), and group 2 (laser) patients. However, 
the interventional percutaneous laser decompression was 
done more frequently at multiple levels. The majority of 
patients had excellent and good Macnab outcomes (212/248; 
85.5%) regardless of treatment. Fair and poor results were 
achieved in another 36 patients (14.5%). Crosstabulation of 
clinical outcomes against the type of surgical treatment—
visualized surgical endoscopy versus percutaneous non-
visualized laser—showed statistically significant level of 
better outcomes in the Excellent Macnab category with 
94 of the 162 endoscopy patients in this group (58.0%; 
P<0.0001). In comparison, Excellent Macnab outcomes 
were achieved in only 38 of the 86 patients treated with 
the percutaneous laser decompression (44.2%). There was 
also a much higher percentage of fair and poor outcomes 
with the laser decompression when compared to the 
directly visualized endoscopic surgery (26.7% laser versus 
8.1% endoscopy; P<0.0001; Tables 2,3). Cross-tabulating 
the type of herniation and Macnab outcomes endoscopic 
surgery versus percutaneous laser decompression, showed 
a statistically significantly higher (P<0.0001) rate of 
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Table 1 Distribution of levels in patients treated for contained  
herniated disc (n=140)

Level Frequency Percent
Valid  

percent
Cumulative 

percent

L1–L5 3 1.2 1.2 1.2

L2–L3 8 3.2 3.2 4.4

L2–L4 2 0.8 0.8 5.2

L2–L5 4 1.6 1.6 6.9

L2–S1 8 3.2 3.2 10.1

L3–L4 12 4.8 4.8 14.9

L3–L5 10 4.0 4.0 19.0

L3–S1 13 5.2 5.2 24.2

L4–L5 96 38.7 38.7 62.9

L4–S1 50 20.2 20.2 83.1

L5–S1 42 16.9 16.9 100.0

Total 248 100.0 100.0

Table 2 Macnab clinical outcomes versus treatment in patients 
treated for contained herniated disc (n=248)

Treatment
Macnab

Total
Excellent Good Fair Poor

Endoscopy

Count 94 55 10 3 162

% within treatment 58.0% 34.0% 6.2% 1.9% 100.0%

Laser

Count 38 25 10 13 86

% within treatment 44.2% 29.1% 11.6% 15.1% 100.0%

Total

Count 132 80 20 16 248

% within treatment 53.2% 32.3% 8.1% 6.5% 100.0%

Table 3 Chi-square statistics of crosstabulation Macnab clinical 
outcomes versus treatment shown in Table 2

Chi-square tests Value df
Asymptotic significance  

(2-sided)

Pearson Chi-square 19.829 3 <0.0001

Likelihood ratio 19.126 3 <0.0001

N of valid cases 248

0 cells (0.0%) have expected count less than 5. The minimum 
expected count is 5.55.

excellent and good clinical outcomes with the endoscopic 
surgical decompression of paracentral herniations (96.8%;  
Tables 4,5). Further analysis of this relationship by the size of 
the disc herniation showed statistically significantly higher 
percentage of excellent and good Macnab outcomes with 
endoscopic decompression of small paracentral herniations 
(97.1%; P<0.0001). Percutaneous laser decompression of 
large central disc herniations was not statistically better than 
endoscopic surgical decompression (P=0.125; Tables 6,7).  

As measures of the degeneration of the lumbar motion 
segment, preserved posterior disc height of greater than 
3 mm was associated with excellent and good Macnab 
outcomes in 96.7% of patients who underwent endoscopic 
decompression at a statistically significant level (P<0.0001). 
Percutaneous laser decompression in patients with advanced 
disc degeneration as evidenced by a posterior disc height of 
less than 3 mm resulted in fair and poor Macnab outcomes 
more frequently (47.9%) at a statistically significant level 
(P<0.0001; data not tabulated herein). Excellent and good 
Macnab outcomes were achieved in 94% of patients with 
lateral recess stenosis (recess height <3 mm) and were better 
in patients who underwent endoscopic decompression at 
a statistically significant level (P<0.0001). In comparison, 
percutaneous laser decompression for lateral recess 
stenosis resulted in fair and poor Macnab outcomes in the 
same 47.9% of patients who also had reduced posterior 
disc height at a statistically significant level (P<0.0001;  
Tables 8,9).

Kaplan-Meier (K-M) Survival time showed longer 
median survival of the treatment benefit for patients who 
underwent visualized endoscopic surgical decompression 
(66.0 months; Tables 10,11) compared to median K-M 
survival time for percutaneous laser decompression of 
17 months (Figure 4). The log-rank test calculated the 
ultimate Chi-square indicating a superior median survival 
of treatment benefit for the visualized surgical endoscopic 
versus the percutaneous laser treatment at a statistically 
significant level (P<0.0001; Tables 10,11).

Discussion

This study aimed to analyze clinical outcomes and the 
duration of the clinical benefit to patients between the 
directly visualized transforaminal endoscopic surgery 
versus the non-visualized interventional percutaneous laser 
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decompression for a contained lumbar herniated disc. The 
purpose of the study was simple: to delineate the role of the 
interventional laser decompression against the validated 
transforaminal endoscopic surgery. Percutaneous non-
visualized laser decompression is making a comeback and 
is promoted as an alternative to surgery. While this may 
seem an appropriate course of action in patients who are 
either unwilling to undergo surgery or whose medical 
comorbidities may preclude them from it, the question 
remains whether these two treatments are interchangeable 
with equal benefit for patients. Patient dissatisfaction may 
arise from many areas, and anesthesia-related problems, 
such as postoperative nausea and vomiting are a number-
one concern with patients who consider surgery (26). In 
this context, the authors attempted to delineate the role of 

both procedures better by comparing the clinical outcomes 
and the duration of the treatment effect by Kaplan-Meier 
survival analysis. The intent was to give patients more 
substantial clinical evidence to make the best choice of spine 
care in the context of their functional improvement needs at 
the time when the spine care is delivered.

The directly visualized transforaminal endoscopic 
decompression surgery techniques have been employed 
successfully and validated in the past (2,5,6,8-10,27). The 
endoscopic discectomy procedure for a herniated disc has 
become mainstream in most countries and is considered 
a viable alternative to open, and other types of minimally 
invasive translaminar decompression procedures. An 
increasing number of surgeons are using transforaminal 
endoscopic decompression techniques (1,5,8-10) as 
demonstrated and corroborated by the exponential increase 
PubMed and Scopus listed peer-reviewed publications in 
the last two years alone (27).

The situation is slightly different with the non-
visualized interventional percutaneous laser decompression 
procedures. These have seen a surge of clinical application 

Table 5 Chi-square statistics of crosstabulation Macnab clinical 
outcomes versus treatment and the type of disc herniation shown in 
Table 4

Chi-square tests Value df
Asymptotic significance 

(2-sided)

Central

Pearson Chi-square 6.573 3 0.087

Likelihood ratio 6.746 3 0.080

N of valid cases 68

Paracentral

Pearson Chi-square 26.691 3 <0.0001

Likelihood ratio 25.194 3 <0.0001

N of valid cases 180

Total

Pearson Chi-square 19.829 3 <0.0001

Likelihood ratio 19.126 3 <0.0001

N of valid cases 248

0 cells (0.0%) have expected count less than 5. The minimum 
expected count is 5.55; 3 cells (37.5%) have expected count 
less than 5. The minimum expected count is 3.09; 2 cells (25.0%) 
have expected count less than 5. The minimum expected count 
is 2.80.

Table 4 Macnab clinical outcomes in patients treated for contained 
herniated disc (n=248) crosstabulated versus treatment and the type 
of disc herniation: central or paracentral

Treatment
Macnab

Total
Excellent Good Fair Poor

Central

Endoscopy

Count 11 18 7 2 38

% within treatment 28.9% 47.4% 18.4% 5.3% 100.0%

Laser

Count 14 9 2 5 30

% within treatment 46.7% 30.0% 6.7% 16.7% 100.0%

Subtotal

Count 25 27 9 7 68

% within treatment 36.8% 39.7% 13.2% 10.3% 100.0%

Paracentral

Endoscopy

Count 83 37 3 1 124

% within treatment 66.9% 29.8% 2.4% 0.8% 100.0%

Laser

Count 24 16 8 8 56

% within treatment 42.9% 28.6% 14.3% 14.3% 100.0%

Subtotal

Count 107 53 11 9 180

% within treatment 59.4% 29.4% 6.1% 5.0% 100.0%
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Table 6 Macnab clinical outcomes in patients treated for contained 
herniated disc (n=248) cross-tabulated versus treatment and the size 
of disc herniation: small (<10 mm) versus large (>10 mm)

Treatment
Macnab

Total
Excellent Good Fair Poor

<10 mm (small)

Endoscopy

Count 71 29 3 0 103

% within treatment 68.9% 28.2% 2.9% 0.0% 100.0%

Laser

Count 17 16 5 8 46

% within treatment 37.0% 34.8% 10.9% 17.4% 100.0%

Subtotal

Count 88 45 8 8 149

% within treatment 59.1% 30.2% 5.4% 5.4% 100.0%

>10 mm (large)

Endoscopy

Count 23 26 7 3 59

% within treatment 39.0% 44.1% 11.9% 5.1% 100.0%

Laser

Count 21 9 5 5 40

% within treatment 52.5% 22.5% 12.5% 12.5% 100.0%

Subtotal

Count 44 35 12 8 99

% within treatment 44.4% 35.4% 12.1% 8.1% 100.0%

Table 7 Chi-square statistics of crosstabulation Macnab clinical 
outcomes versus treatment and the size of disc herniation shown in 
Table 6

Chi-square tests Value df
Asymptotic significance 

(2-sided)

<10 mm

Pearson Chi-square 27.630 3 <0.0001

Likelihood ratio 28.647 3 <0.0001

N of valid cases 149

>10 mm

Pearson Chi-square 5.747 3 0.125

Likelihood ratio 5.879 3 0.118

N of valid cases 99

Total

Pearson Chi-square 19.829 3 <0.0001

Likelihood ratio 19.126 3 <0.0001

N of valid cases 248

0 cells (0.0%) have expected count less than 5. The minimum 
expected count is 5.55; 2 cells (25.0%) have expected count 
less than 5. The minimum expected count is 2.47; 3 cells (37.5%) 
have expected count less than 5. The minimum expected count 
is 3.23.

in the 1990s which is mirrored by a cluster of publications 
from that decade (28-41). As spinal endoscopy gained 
more traction, it became quiet around percutaneous laser 
decompression for herniated disc, and it is conceivable that 
equipment cost at the time contributed to this trend. Typical 
of any advanced technology, the surge of utilization was 
followed by a surge of complication and revision surgeries. 
This was no different with laser decompression where 
several reports of thermally damaged lumbar nerve roots 
appeared (42). The demise and closure of the Laser Spine 
Institute in the United States prompted some traditionally 
trained spine surgeons to announce the death of the laser in 
spine surgery altogether in a recent publication sponsored 
by the American Academy of Orthopedic Surgeons  
(AAOS) (43). The reality is somewhere in the middle 

where there are a few select centers that actively employ 
non-visualized laser technology for facet ablation in the 
treatment of mechanical back pain symptoms and the 
thermal shrinkage of contained disc herniations (28,44,45) 
and in the visualized decompression of soft tissue and bony 
stenosis in conjunction with spinal endoscopy technology in 
the treatment of sciatica-type back and leg pain (46,47).

Results of the crosstabulation and K-M survival studies 
showed favorable initial outcomes with both procedures 
in the majority of patients. However, there were some 
differences in outcomes when considering the type of disc 
herniation (central or paracentral) and its associated size. 
It became clear that the directly visualized transforaminal 
endoscopic surgery by far produced better and more 
durable clinical outcomes in general and in particular when 
compared to the non-visualized percutaneous interventional 
laser decompression. Clinical outcomes were statistically 
significantly better with endoscopic surgical than with 
percutaneous interventional laser decompression in patients 
with small paracentral disc herniations (97.1% excellent 
and good Macnab outcomes; P<0.0001) (Tables 4-7).  
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Table 9 Chi-square statistics of crosstabulation Macnab clinical 
outcomes versus treatment and the lateral recess height shown in 
Table 8

Chi-square tests Value df
Asymptotic significance 

(2-sided)

<3 mm (stenotic)

Pearson Chi-square 68.467 3 <0.0001

Likelihood ratio 84.968 3 <0.0001

N of valid cases 165

>3 mm (normal)

Pearson Chi-square 25.278 3 <0.0001

Likelihood ratio 33.634 3 <0.0001

N of valid cases 83

Total

Pearson Chi-square 19.829 3 <0.0001

Likelihood ratio 19.126 3 <0.0001

N of valid cases 248

0 cells (0.0%) have expected count less than 5. The minimum 
expected count is 5.55; 2 cells (25.0%) have expected count 
less than 5. The minimum expected count is 4.07; 4 cells (50.0%) 
have expected count less than 5. The minimum expected count 
is 0.92.

Table 8 Macnab clinical outcomes in patients treated for contained 
herniated disc (n=248) cross-tabulated versus treatment and lateral 
recess height: stenotic (<3 mm) versus normal (>3 mm)

Treatment
Macnab

Total
Excellent Good Fair Poor

<3 mm (stenotic)

Endoscopy

Count 71 39 6 1 117

% within treatment 60.7% 33.3% 5.1% 0.9% 100.0%

Laser

Count 0 25 10 13 48

% within treatment 0.0% 52.1% 20.8% 27.1% 100.0%

Subtotal

Count 71 64 16 14 165

% within treatment 43.0% 38.8% 9.7% 8.5% 100.0%

>3 mm (normal)

Endoscopy

Count 23 16 4 2 45

% within treatment 51.1% 35.6% 8.9% 4.4% 100.0%

Laser

Count 38 0 0 0 38

% within treatment 100.0% 0.0% 0.0% 0.0% 100.0%

Subtotal

Count 61 16 4 2 83

% within treatment 73.5% 19.3% 4.8% 2.4% 100.0%

Percutaneous laser decompression outcomes for large 
central disc herniations were statistically no better than 
endoscopic surgical decompression (P=0.125; Tables 6,7). 
Radiographic measures of advanced degeneration of the 
lumbar motion segment such as lateral recess height 
less than 3 mm were prognosticators of less favorable 
outcomes in general but specifically with the non-visualized 
percutaneous interventional laser decompression procedure 
(Tables 8,9) corroborating validated data in the published 
peer-reviewed literature that the directly visualized 
endoscopic bony and soft tissue decompression is more 
appropriate in patients with such advanced disease (47).  
The Kaplan-Meier (K-M) analysis of the survival times of 
the treatment benefit for both the endoscopic surgical and 
the percutaneous interventional laser decompression are 

starkly different and the K-M survival curves demonstrate 
a telling visual demonstration of the rapid deterioration 
of the laser treatment benefit with the 50% percentile 
median being 17 months. In other words, 50% of patients 
treated with the percutaneous laser procedure had lost the 
treatment benefit at 17 months postoperatively. The same 
K-M analysis done on endoscopic spine surgery patients 
revealed a median survival time of 66 months for the 
directly visualized endoscopic surgery (Tables 10,11).

The non-continuous nature of the K-M survival plots 
presented herein deserves some further discussion to avoid 
wrongful interpretation or extrapolation of future benefits 
with either of the two treatments subject to this study. The 
K-M survival curves provide step-wise survival estimates. 
They are not a smooth function. Calculating exact survival 
points for the endoscopic or laser decompression is actually 
quite difficult and depends on the number of positive 
and negative factors leading to the censoring of study 
patients with an event throughout the study or at its end 
without event. However, after the first patient has been 
censored the survival curve becomes an estimate, since it 
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Table 10 Means and medians for Kaplan-Meier survival time in patients treated for contained herniated disc (n=248) with either visualized  
endoscopic surgical- versus percutaneous laser decompression

Treatment

Meana Median

Estimate Std. error
95% confidence interval

Estimate Std. error
95% confidence interval

Lower bound Upper bound Lower bound Upper bound

Endoscopy 56.568 1.613 53.406 59.730 66.000 1.515 63.031 68.969

Laser 18.866 0.988 16.931 20.802 17.000 0.773 15.486 18.514

Overall 43.494 1.590 40.378 46.610 36.000 4.062 28.039 43.961
aEstimation is limited to the largest survival time if it is censored.

Table 11 Log rank chi-square statistics Kaplan-Meier survival time in patients treated for contained herniated disc (n=248) with either endoscopic 
surgical- versus laser decompression (test of equality of survival distributions for the different levels of treatment)

Overall comparisons Chi-square df Sig.

Log rank (Mantel-Cox) 214.169 1 <0.0001

Figure 4 Kaplan-Meier (K-M) Survival time in patients treated for contained herniated disc (n=248) with either visualized endoscopic 
surgical- versus percutaneous laser decompression. The 50% percentile median survival for patients who underwent visualized endoscopic 
surgical decompression was 66.0 months with a standard error of 1.515 months, and 95% confidence interval lower boundary of 
63.031 and an upper boundary of 68.969 months. The median survival for percutaneous laser decompression was much shortened with  
17 months with a standard error of 0.773 months, and 95% confidence interval lower boundary of 15.486 months, and an upper boundary of  
18.514 months. The K-M estimates were reported with the log-rank test which calculated Chi-squares (χ2) for each event time, which 
was summed to calculate the ultimate Chi-square for the endoscopy and laser treatment arm of the study. It showed shorted K-M survival 
estimates for percutaneous laser decompression versus directly visualized endoscopic surgery at a statistically significant level (P<0.0001; 
Table 6).
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is unknown if censored endoscopy or laser patients would 
have experienced an event at some point later in their life. 
Therefore, the K-M curves show a graphic representation 
of the minimum survival until the first patient was censored. 

At that point, it is an estimation and extrapolations on 
future patient outcomes with these two procedures should 
be avoided. Since the early onset of the loss of treatment 
benefit with the percutaneous laser decompression (50% 
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percentile 17 months) was in stark contrast to the long-
term maintenance of treatment benefit with the surgical 
endoscopic decompression, this team of authors concluded 
that surgical treatment of sciatica symptoms due to 
contained lumbar herniated disc with the transforaminal 
endoscopic decompression was much more durable with 
50% of patients maintaining treatment benefit for nearly  
six years.

This comparative study suffered from a few additional 
limitations that are worth discussing. The endoscopic 
surgical decompression is carried out in the epidural 
space with no portion of the procedure being done inside 
the disk space. In comparison, the percutaneous laser 
decompression is an intradiscal procedure in which no 
portion of the procedure is carried out in the epidural 
space. Moreover, the laser decompression is done 
percutaneously with the application of a small glass fiber 
via a spinal needle that is placed in the center of the disc 
for delivery of the laser energy. Therefore, no part of the 
laser decompression is directly visualized, and the surgeon 
does not obtain any additional information during the 
procedure that could guide him towards achieving better 
pain relief. In comparison, clinical outcomes with the 
endoscopic procedure can be maximized and improved 
by recognizing directly visualized painful intraoperative 
pathology and treating it in real time during the same 
surgery. Hence, one could argue that both procedures 
are fundamentally different and not directly comparable. 
From the interventional pain practitioners and patients’ 
point of view though, they may appear as equally effective 
and durable minimally invasive treatments. Marketing by 
industry has conditioned patients to favor laser over any 
surgery because of its perceived cutting-edge nature and its 
high-tech appearance. Similarly, lasers have been attractive 
for surgeons when applied during a minimally invasive 
endoscopic surgery due to the ability to deliver a large 
amount of energy through a small fiber in a very focused 
small area. However, the limited short-term benefit and the 
long-term shortfall of comparing clinical outcomes of the 
percutaneous interventional laser decompression with the 
surgical outcomes with endoscopy should be discussed with 
the patient.

The  h i s tor i ca l  contex t  o f  percutaneous  l a se r 
decompression of lumbar disc herniations offers little to the 
understanding of the long-term survival of the treatment 
effect with the procedure. Most studies report short-term 
data. Ascher et al. deployed neodymium:yttrium-aluminum-
garnet (Nd:YAG) laser through an 18-gauge needle that was 

introduced fluoroscopically into the intervertebral disc (34).  
He ablated intradiscal tissue in short bursts to avoid heating 
of adjacent tissues, thereby vaporizing tissue that was 
allowed to escape through the needle. Many subsequent 
authors demonstrated the utility of different types of 
lasers, including the Ho:YAG, which was compared to the 
Nd:YAG laser in a clinical trial conducted by Quigley et al.  
in 1991 (35). They concluded that the Ho:YAG laser 
was the most suitable laser at the time that they would 
best compromise between the efficacy of absorption and 
convenience of fiber-optic delivery. In 1990, Davis et al. 
described in 85% success rate in a study on 40 patients 
who underwent laser discectomy using the potassium-
titanyl-phosphate (KTP 532-nm) laser (36). Only six of 
the 40 patients required revision with open discectomy 
procedures because of clinical failures. In 1995, Casper et al.  
described the use of the side-firing Ho:YAG laser (37) 
which has also been employed later by Yeung et al. (38). At 
one-year follow-up, Casper et al. reported an 84% success 
rate (37). In the same year, Siebert et al. published on 78% 
success rate on 100 patients with a mean follow-up of 17 
months, which were treated with the Nd:YAG laser (39). 
Interestingly, Siebert’s study ran exactly as long as the 50% 
percentile median survival point in our study—17 months. 
Siebert’s data were corroborated by Mayer et al. who were 
also the first to suggest the combined use of an endoscope 
with laser ablation through an endoscopically introduced 
fiber (40). Hellinger reported in 1999 on more than 2,500 
patients whom he treated with the use of the Ascher 
technique (34). He stated the success rate of 80% over  
13 years. One year later, Yeung et al. reported an 84% 
success rate on more than 500 patients whom he treated 
with the KTP laser (38).

The current state-of-the-art of lasers in spine surgery 
has been summarized by Ahn et al. in a recent article (31). 
The authors pointed out that there are three categories of 
laser application in interventional and minimally invasive 
spinal surgery: (I) open microscopic laser surgery; (II) 
percutaneous endoscopic laser surgery; and (III) laser-
tissue modulation for spinal pain (31). The senior author 
of this article has vast experience with the applications of 
straight- and side-firing lasers during endoscopic bony and 
soft tissue decompression for spinal stenosis related sciatica-
type back and leg pain (38,45,46). Ahn et al. encouraged 
further study of the select clinical indications where efficacy 
has been demonstrated to substantiate the lack of evidence 
with randomized clinical trials (31). Brouwer et al. did 
provide it in their multicenter randomized prospective trial 
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using an intent-to-treat protocol with a non-inferiority 
design by comparing clinical outcomes in 115 patients 
with sciatica-type radiculopathy due to a lumbar disc 
herniation occupying less than one-third of the spinal 
canal by randomly assigning 57 patients to conventional 
microdiscectomy surgery and another 55 patients to 
percutaneous laser disc decompression (PLDD) (28,44). 
The needle-based (18 G) percutaneous laser discectomy 
procedure afforded placement of a 600-micron glass fiber 
into the center of the disc similar as during a discography 
allowing delivery of laser energy (Diode laser, Biolitec, 
980 nm, 7 W, 0.6 s pulses, interval 1 s) to a total energy 
delivered of 1,500 J (2,000 J for level L4–5). The authors 
claimed no difference in outcomes between the two 
treatment arms using standard clinical outcomes measures, 
including VAS, and Roland Morris score for back and leg 
pain. However, the reoperation rate in the laser group (52%) 
was disproportionally higher than in the microdiscectomy 
(21%) group (28,44). Yeung et al. reported with 8.3% a 
much lower comparative five-year reoperation rate with the 
transforaminal endoscopic lumbar decompression (45). In 
his study, the five-year fusion rate was only 2.7%. Although 
the randomized trial by Brouwer et al. did not involve 
application of a spinal endoscope, it provides insight into 
the interaction of contemporary diode lasers with typically 
white intervertebral disc tissue whose ability to absorb 
laser light in any wavelength with delivery of sufficient 
energy to achieve pain relief via a clinically meaningful disc 
decompression may be limited when placed intradiscally in 
a contained environment. This problem of limited energy 
absorption by intervertebral disc tissue during 980 nm  
laser decompression may genuinely be the underlying 
limitation of advancing the application of this technology 
in the treatment of intervertebral disc degeneration with 
or without the use of an endoscope. Any clinical trials will 
have to determine whether or not the in vitro demonstrated 
advantage in the effectiveness of the laser light treatment 
of bovine intervertebral disc tissue at a 1,470-nm rather 
than 980 nm wavelength would translate into pain relief in 
patients with a herniated disc (47).

The senior author has experienced the most endoscopic 
spine cases of over 11,000 cases over his 28-year endoscopic 
spine career in addition to a 20-year general orthopedic 
career in trauma, arthroscopic surgery, spinal deformity 
surgery, children’s orthopedic surgery, and hand surgery, 
provides him with the perspective expressed in this article. 
As one of the first to use and teach laser following FDA 
approval in 1991, he has experienced the evolution of both 

laser and endoscopic image-guided decompression for a 
broad spectrum of symptomatic degenerative and traumatic 
conditions in the lumbar spine. The endoscopic spinal 
decompression procedure correlating the pathophysiology 
of spinal pain with visualized pathoanatomy will continue 
to evolve as diagnostic methods, and surgical spine care 
continues to improve. In this context, the non-visualized 
percutaneous interventional laser disc decompression is 
inferior to endoscopic spine surgery. However, the last 
chapter in the use of laser as a dissection tool during the 
endoscopic decompression of spinal pathoanatomy has 
not been written, and more technological advancements 
are likely to come. What is clear is that endoscopic spine 
surgery and the use of lasers will likely continue to offer 
cost savings while providing efficacious and safe surgical 
spine care.

Conclusions

Transforaminal endoscopic decompression for symptomatic 
herniated disc is an effective and durable surgical treatment 
to alleviate sciatica-type and back symptoms in the vast 
majority of patients with good long-term survival of pain 
relief for up to six years. Interventional percutaneous non-
visualized laser decompression for the same condition may 
provide favorable outcomes in the short-term. However, 
the treatment effect deteriorates much faster with a median 
survival of 17 months. Minimally invasive techniques such 
as the types presented in this study will continue to improve 
and evolve as both become more accepted and utilized 
worldwide.
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