
Background: Laser ablation under an epiduroscopic view allows for the vaporization of a small 
amount of the nucleus pulposus, causing a reduction in intradiscal pressure and relief of radicular pain. 
Currently, Ho:YAG and Nd:YAG lasers are commonly used for spinal diseases. However, the use of the 
Nd:YAG laser for intra-spinal procedures can be limited because of thermal injury and low efficacy.

Objective: To investigate the efficacy and safety of epiduroscopic laser ablation using a 1414 nm 
Nd:YAG laser, we examined that laser ablation was able to penetrate nucleus pulposus without heating 
surrounding tissues and without mechanical damage to surrounding tissue.

Study Design: Our experiment involved live and cadaveric animal studies and a human cadaveric 
study.

Setting: University in Korea.

Methods: Two live pigs, 3 porcine cadavers, and 2 human cadavers were used. For the in vitro study, 
intradiscal and epidural pressure and temperature were compared in vertebral columns obtained 
from 3 porcine cadavers before and after laser ablation. For the in vivo study, 2 pigs were used to 
simulate percutaneous epiduroscopic laser ablation. They were observed for behavioral changes and 
neurological deficits for one month after the laser ablation procedure. Two human cadavers were 
used for placing the laser fiber and epiduroscope in the correct target site through the sacral hiatus. 
Histological analysis was also performed to observe any damage around the ablated lesion. 

Results: Both intradiscal and epidural pressure were markedly reduced immediately after laser ablation 
as compared with the pre-ablative state. The amount of the pressure decrease in the intradiscal space 
was significantly greater than that in the epidural space (45.8 ± 15.0 psi vs. 30.0 ± 9.6 psi, P = 0.000). 
The temperature beneath the ipsilateral spinal nerve, which was the nearest site to the laser probe, 
never exceeded 40º C. Histology revealed no evidence of thermal damage to surrounding structures, 
including the spinal nerves, end plates, and vertebrae, after laser ablation. All live pigs showed normal 
behavior without any sign of pain. In the human cadaveric study, there was no case of targeting failure 
or dural laceration. The mean time to reach the target region was less than 5 minutes.

Limitations: The pressure measurements were performed on cadavers and not in vivo. Cadaver 
models cannot account for intradiscal pressure changes that occur during live muscle contraction and 
different positions, which may affect results. Moreover, although we controlled temperatures with 
heat baths, vascular and cerebrospinal fluid circulations were not simulated. Those circulations may 
change the temperature results in vivo.

Conclusions: The 1414 nm Nd:YAG laser can be used effectively and safely under the guidance of a 
spinal epiduroscope in an in vivo porcine model and in a human cadaveric model. 

Study Approval: Approval for the current study was granted by the Institutional Review Board of 
our institute (approval number: 1-2014-0049).
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prevent drying during the experiment. The specimens 
were divided into 2 groups of 12 intervertebral discs 
each and numbered alternatively as follows: Group 1, 
intradiscal ablation, 60 J; Group 2, epidural ablation, 
60 J. Two live pigs were used for behavioral observa-
tion following percutaneous epidural laser ablation. 
Operations were also simulated in 2 human cadavers. 
For laser irradiation, an Nd:YAG laser (Lutronics, Ilsan, 
South Korea) with a wavelength of 1414 nm operating 
in the 0.75 – 12 W range was used. The laser energy 
was delivered through a 550 μm bare optical fiber. The 
spot size on the tissue surface was 1.2 mm using the 
focusing lens, and the power applied ranged from 0.75 
to 12 W, corresponding to a power density of 3.16 – 
50.53 W/mm2. Using the bare fiber tip, energy levels of 
the Nd:YAG laser ranged from 10 to 12 W delivered as 
pulses one or 2 seconds in duration. 

Temperature Measurement
A fresh porcine cadaveric spine was used for the 

thermal analysis. The specimen consisted of 2 lumbar 
vertebral bodies and one intervertebral disc. The para-
vertebral muscles were removed. In each trial, 5 ther-
mometer needles were placed into the spinal canal, 
as follows: Sensor 1, underneath the ipsilateral spinal 
nerve; Sensor 2, ipsilateral epidural space; Sensor 3, 
intradural space; Sensor 4, contralateral epidural space; 
and Sensor 5, underneath the contralateral spinal nerve 
(Fig. 1). The position was confirmed using orthogonal 
radiographs in the anterior-posterior and lateral views 
by a fluoroscope (BV Pulsera; Philips, Amsterdam, the 
Netherlands). The spine installed with temperature 
sensors was placed within a temperature-controlled 
saline bath and allowed to reach thermal equilibrium 
(Fig. 2). The water bath was 5 L in size with a constant, 
controlled temperature of 37° C ± 1° C. Saline was circu-
lated with a 300-rpm, continuously rotating magnetic 
stir bar. The flow rate within the bath was maintained 
at a low level to avoid excessive convective cooling at 
the outer boundary of tissue but still maintain adequate 
temperature control of the interface. The laser probe 
was placed into the target area. Temperature was con-
tinuously recorded along with laser ablation (10, 20, 30, 
40, 50, 60 J for 10 seconds) using a thermometer (TC-08; 
OMEGA Engineering, Stamford, CT, USA). The tempera-
ture was registered with an accuracy of 0.01° C and a 
frequency of 0.5 Hz over 800 single measurements per 
thermocouple. Each test lasted 5 minutes. The time-
temperature curve was obtained and analyzed.

Laser ablation under an epiduroscopic view can 
be an effective method for treating intraspinal 
pathologies, such as a herniated nucleus pulposus 

and painful microscopic adhesions. The level of evidence 
is II-1 or II-2 for short- and long-term relief for endoscopic 
adhesiolysis in post-lumbar surgery syndrome, based on 
one randomized trial (1). Although the epiduroscopic 
procedure has long been used and the accumulated 
evidence supports its beneficial effect, the procedure’s 
ability to remove pathologic adhesions has been under 
debate until recently. Its inability to remove pathology 
which limits its use in epidural adhesiolysis and results 
in less favorable outcomes, may be overcome by laser 
ablation. Laser ablation may be preferable to open 
surgery because it requires no dissection, results in less 
bleeding, causes less tissue damage, and has a smaller 
risk of re-fibrosis (2).

Currently, Ho:YAG is the most commonly used laser 
for ablation therapy. The Ho:YAG laser has been accept-
ed as the safest laser because of low tissue penetration. 
The Nd:YAG laser, which was introduced earlier than 
was the Ho:YAG laser, was not used for deep tissue pen-
etration. However, the Nd:YAG laser can also provide 
shallow tissue penetration by adjusting its wavelength 
to that of the Ho:YAG laser (3). The advantages of the 
Nd:YAG include easier laser control, a smaller manufac-
turing fee, and equivocal effectiveness (4,5). To the best 
of our knowledge, there has been no report on the use 
of a 1414 nm Nd:YAG laser for intraspinal use. The pur-
pose of this study was to investigate the efficacy and 
safety of epiduroscopic laser ablation with the 1414 nm 
Nd:YAG laser.

Methods

Research Design
Approval for the current study was granted by the 

Institutional Review Board of our institute (approval 
number: 1-2014-0049). In this study, 2 live pigs, 3 por-
cine cadavers, and 2 human cadavers were used.

For the in vitro study, whole vertebral columns 
were obtained from 3 porcine cadavers and tested 
within 2 hours of necropsy. All muscular structures 
were removed with caution so as not to damage the 
intervertebral discs. The lumbar spinal column was 
obtained from one specimen for temperature mea-
surement. For pressure measurement, a total of 24 
intervertebral discs from 2 fresh porcine cadavers were 
examined. Each specimen was wrapped in soft vinyl to 
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Fig. 1. Five thermometer needles placed into the spinal canal from a porcine cadaver: Sensor 1, underneath the ipsilateral 
spinal nerve; Sensor 2, ipsilateral epidural space; Sensor 3, intradural space; Sensor 4, contralateral epidural space; Sensor 
5, underneath the contralateral spinal nerve.

Fig. 2. Experimental setting: The porcine spine installed with temperature sensors was placed within a temperature-controlled 
saline bath and allowed to reach thermal equilibrium. A: saline bath, B: controller of  temperature, C: laser catheter, D: 
porcine cadaveric spinal segment, E: thermometer, F: thermocouple
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Pressure Measurement
 For the measurement of pressure, a pressure sen-

sor was connected to a computer-controlled data acqui-
sition unit (Gaeltec S7d, Gaeltec, Isle of Skye, Scotland). 
The epidural pressure (EDP) measured underneath the 
ipsilateral nerve root was elevated after plugging the 
epidural space with the nucleus pulposus (Fig. 3A). For 
EDP measurement, a pressure sensor was introduced 
beneath the spinal root, which was compressed by 
the placed nucleus pulposus. For intradiscal pressure 
(IDP) measurement, a pressure sensor was introduced 
into the center of the nucleus pulposus of each disc 
with a posterolateral approach (Fig. 3B). The position 
was confirmed by the fluoroscope. The pressure was 
continuously recorded along with laser ablation using 
the laser device. The pressure was registered with an 
accuracy of 0.01 psi and a frequency of 0.5 Hz over 
800 single measurements per thermocouple. Each test 
lasted 5 minutes. The time-pressure curve was obtained 
and analyzed.

In Vivo Study
Two pigs, 5 months old and weighting 50 kg, were 

used to simulate percutaneous epiduroscopic laser 
ablation. The pigs were sedated using intramuscular 
injection of ketamine (20 mg/kg). The pigs were placed 
on a radiolucent table, intubated, and ventilated on 
a respirator administering a mixture of oxygen (10%) 
and air (90%). Anesthesia was maintained by alpha 
chloralose (100 mg/kg bolus and 30 mg/kg/hour). An 
epidural, steerable, fiber-optic catheter system was 
introduced into the caudal region through the sacral 
hiatus (2.7 mm Video Guided Catheter, Myelotec, 

Rosewell, GA). A laser fiber and epiduroscope (1.3 mm 
Flexible Fiberoptic Endoscope, Myelotec, Rosewell, GA) 
were introduced through the steerable catheter. Using 
fluoroscopic and visual guidance, the apparatus was 
advanced toward the L5-S1 level. Epidurogram was 
performed with 5 mL of 180 concentration iohexol to 
check the ventral position of the catheter tip. We fur-
ther steered the catheter toward the right side to work 
specifically on the annular surface. The laser was set at 
0.5 J output at 5 pulses/second. We lased the region for 
10 seconds without moving the catheter tip against the 
annular surface using epiduroscopic visualization. After 
the laser procedure, the pigs were continuously moni-
tored until they were able to sit in sternal recumbency 
of their own accord. Then, the animals were returned 
to their home pen, and the behavior of individual pigs 
was recorded for one month. Observations on appear-
ance of the incision, behavioral characteristics, eating, 
drinking, urination, defecation, temperature, pulse, 
and respiration were carefully analyzed.

Cadaveric Study
A human cadaver was placed in the prone position 

on a fluoroscopic table. Laser ablation was performed 
on a human cadaver using the same epidural, fluoro-
scopic, and epiduroscopic materials and procedures 
as noted above for the in vivo study in pigs. After 
completion of the procedure, a laminectomy of the L5 
was performed with a midline skin incision. The L5-S1 
ventral epidural space was exposed to confirm whether 
the catheter tip was placed correctly on the target site 
without damaging the adjacent nervous structures.

Fig. 3. The illustrations of  epidural and intradiscal pressure sensor along with laser probe. A: laser probe (green color tip) and 
pressure sensor beneath the spinal root, B: laser probe (green color tip) and pressure sensor in the center of  the nucleus pulposus
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Statistical Analysis
The results are expressed as the means ± standard 

deviations. Student’s t-test was used to assess statisti-
cal differences between groups using SAS software for 
Windows (SAS Institute Inc., Cary, NC). A P < 0.05 was 
considered significant.

Results

Temperature
Temperature measurement was successfully per-

formed in one porcine cadaver. The temperature in-
creased immediately after laser ablation and reached 
the maximum temperature in 23 seconds, 54 seconds, 
86 seconds, 108 seconds, and 181 seconds at the ipsilat-
eral spinal nerve, ipsilateral epidural space, intradural 
space, contralateral epidural space, and contralateral 
spinal nerve, respectively. The temperature decreased 
to the preoperative state 472 seconds after stopping 
laser ablation. The maximum temperature at each site 
correlated with the distance from the ablation site. The 
temperature recorded at the ipsilateral spinal nerve, 

which was nearest to the laser probe, never exceeded 
40ºC (Fig. 4). The maximum temperature developed at 
the setting of 60 J. The maximum temperature corre-
lated with the distance from the ablation site and also 
did not exceed 40ºC (Fig. 5). Thus, thermal injury as a 
consequence of laser ablation was very unlikely. The 
temperature may be lower in the live human body due 
to vascular circulation and its heat sink effect (6).

Pressure
Pressure measurement was successfully performed 

in 24 healthy intervertebral segments from the 2 por-
cine cadavers. Both IDP and EDP were markedly reduced 
immediately after laser ablation as compared with the 
preoperative state (P = 0.000). Preoperative IDP was 
60.2 ± 22.3 psi, which decreased to 14.3 ± 12.1 psi after 
laser ablation (P = 0.000). Preoperative EDP was 34.6 ± 
9.7 psi, which decreased to 4.6 ± 2.5 psi after laser abla-
tion (P = 0.000). In Fig. 6, the amount of the pressure 
decrease in the intradiscal space was significantly larger 
than that in the epidural space (45.8 ± 15.0 psi vs. 30.0 
± 9.6 psi, P = 0.000).

Fig. 4. The temperature increased immediately after laser ablation. The temperature decreased to the preoperative state 472 seconds 
after stopping laser ablation. SN: spinal nerve, ED: epidural space.
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Fig. 5. The maximum temperature developed at the setting of  60 J. The maximum temperature correlated with the distance from 
the ablation site and did not exceed 40ºC. SN: spinal nerve, ED: epidural space.

Fig. 6. The pressure measured in the intradiscal space and epidural space before and after laser ablation. The pressure was 
markedly reduced after laser ablation in both spaces.
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In Vivo Experiment
All pigs showed no abnormal behavior without 

any signs of pain. The time spent lying, nursing, sitting, 
standing, and walking did not differ between the pre- 
and postoperative periods.

Histology
Histologic slides of lumbar 4/5 discs and endplates 

obtained from 2 live pigs one week after laser ablation 
were stained with hematoxylin and eosin (Fig. 7). In the 
axial sections, laser ablation formed oval cavities in the 
nucleus pulposus and round coagulations on the annu-
lus fibrosus. However, tissue charring was not observed 
around the ablated lesion. There was no evidence of 
thermal damage to surrounding structures, including 
the spinal nerves, end plates, and vertebrae.

Human Cadaveric Study
A total of 5 catheterizations were attempted and 

successfully completed. There was no case of targeting 
failure or dural laceration. The mean time to reach the 
target region was less than 5 minutes.

discussion

The purpose of our study was to investigate the 
efficacy and safety of epiduroscopy with Nd:YAG laser 
ablation to identify and remove target lesions in vivo 
porcine models and in human cadaveric models be-
fore the clinical application. The following questions 
were addressed: Can Nd:YAG laser ablation decrease 
intraspinal pressure by removing the nucleus pulposus 
effectively? Can Nd:YAG laser ablation be delivered epi-
duroscopically without thermal and mechanical injury 
to the surrounding structures?

Our study confirmed that a 1414 nm Nd:YAG laser 
significantly decreased IDP and EDP by ablating the 
nucleus pulposus. Pressure decreased by 76 – 87% im-
mediately after 60 J 1414-nm Nd:YAG laser ablation. 
EDP also decreased significantly after laser ablation to 
the nucleus pulposus. While previous studies reported 
that 1000 J is necessary for decreasing IDP, we demon-
strated that less energy can also significantly decrease 
pressure (7,8), which may be because there some dif-
ferences between the porcine and human spine. The 
porcine spinal canal and disc height are smaller than 

Fig. 7. Histologic examination. Axial section of  the area treated in a live pig demonstrating normal-appearing end plate and 
vertebra near the treated area. There is no evidence of  thermal injury to the end plate and vertebra (hematoxylin and eosin 
staining, ×5).
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their human counterparts (9), and porcine discs also 
have a smaller disc volume and thinner posterior an-
nulus than do human discs (10). Another reason for 
the smaller energy requirement may be due to the 
different decompression techniques used in the current 
study. EDP, measured underneath the ipsilateral nerve 
root, was elevated after plugging the epidural space 
with the nucleus pulposus. The elevated EDP decreased 
significantly after laser ablation to the nucleus pulposus 
and IDP also decreased, perhaps because the porcine 
nucleus pulposus was very small and gelatinous, and it 
may be easy to make a hole through the thinner poste-
rior annulus by laser ablation. Although the energy of 
this laser ablation was insufficient to remove the entire 
nucleus pulposus, the volume reduction significantly 
decreased the intraspinal pressure due to the hydrau-
lic phenomenon (7,11,12). Furthermore, in the clinical 
setting, we hypothesize that macrophages can migrate 
into the herniated disc through the laser-perforated 
holes and desiccate the nucleus pulposus more rapidly 
(13,14).

This study also demonstrated that 6 W delivery of 
1414 nm Nd:YAG laser does not increase temperature 
to harmful levels. Furthermore, histology revealed no 
evidence of thermal damage to surrounding structures, 
including the spinal nerves, end plates, and vertebrae. 
Owing to the smaller amount of energy used and the 
low exothermic nature of the Nd:YAG laser, there 
was no significant temperature elevation around the 
ablated lesion, which should facilitate the use of the 
1414-nm Nd:YAG laser for intraspinal use.

In the porcine cadaveric study, although we con-
trolled the temperature with a heat bath, vascular and 
cerebrospinal fluid circulations were not simulated. 
Those circulations have been known to play a role 
in heat sink in vivo. Without the heat sink, this study 
showed no significant temperature elevation. Consider-
ing the additional heat sink from vascular and cerebro-
spinal fluid circulation, the Nd:YAG laser can be safely 
used in humans. Compared with the Nd:YAG laser, the 
Ho:YAG laser generates too much heat and must be 
cooled by saline irrigation (11). It has been suggested 
that percutaneous laser nucleolysis using the Ho:YAG 
laser can damage endplates from excessive thermal en-
ergy (15). Although compared with the Ho:YAG laser, 
the Nd:YAG laser provides deeper tissue penetration, 
its lower heat generation may make thermal injury less 

likely (4). By targeting the lesion accurately with the 
aid of an epiduroscope, the risk of thermal injury may 
further be minimized (16).

The limitation of this study was that pressure mea-
surements were performed on cadavers and not in vivo. 
Cadaver models cannot account for IDP changes that 
occur during live muscle contraction and different pos-
tural positions (sitting, standing, etc.), which may affect 
results. While the current study only investigated de-
compression, the ability of the Nd:YAG laser to lyse ad-
hesions may further improve spinal pain by the release 
of scar tissues (2). This hypothesis will be addressed in 
a future study.

conclusion

The 1414 nm Nd:YAG laser is effective and safe for 
decompressing herniated intervertebral discs under 
the guidance of a spinal epiduroscope in vivo porcine 
models and in human cadaveric models. Consequently, 
this study can be a foundation of clinical application of 
laser for human lumbar disc decompression.
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