
INTRODUCTION

Laser therapy has been introduced for the treatment of spinal 
diseases since the 1980s. In February 1986, Choy et al.6) imple-
mented percutaneous laser disc decompression (PLDD) on a lum-
bar herniated disc. Since then, the development of laser therapy 
for spinal diseases has focused on lumbar disc disease, and PLDD 
became an active treatment following FDA approval in 19915). 
Also, its application range has been expanding in recent times 
to include treatment of lumbar spinal stenosis and endoscopic 
treatment of ruptured cervical disc8,9). This report aims to intro-
duce the different methods of laser treatment and their effects 
on surgical treatment of spinal diseases. 

TYPES OF LASER THERAPY AND THEIR 
ADVANTAGES 

Laser therapy in spinal diseases is mostly carried out using the 
percutaneous and endoscopic approach. In this method, skin 
incision is minimized, as well as damage to the muscles, blood 
vessels, and nerves around the spine. It is also advantageous since 
operations are done under local anesthesia and the satisfaction 
of patients is high owing to the short operation time. 

PLDD which is the oldest treatment method reduces disco-
genic pain by vaporizing the nucleus pulposus using an optical fi-

ber. Percutaneous endoscopic laser annuloplasty (PELA) and epi-
duroscopic laser neural decompression (ELND) are also other 
types of laser therapy for spinal diseases. PELA is a method that 
conducts laser cauterization with an endoscopic approach to 
the annulus fibrosus of damaged intervertebral discs and ELND 
removes protruded discs and fiberized wounds using lasers 
with an extradural endoscope11,12). In recent times, laser therapy 
using Cervical Deuk Laser Disc Repair® has been introduced 
for patients with ruptured cervical discs9).

The applicable laser types are Nd : YAG (neodymium-doped 
yttrium-aluminum-garnet laser) and Ho : YAG (holmium : yt-
trium-aluminum-garnet laser) in infrared light and the double-
frequency Nd : YAG laser and the potassium-titanyl-phosphate 
(KTP) laser in areas of green visible light. Of the above, the Ho : 
YAG laser and the ND : YAG laser are the most widely used. 

Percutaneous laser disc decompression (PLDD) 
The anatomic structure of disc is a closed hydraulic system, 

which serve as a basis for spinal disease treatment. Discs are com-
posed of a nucleus pulposus with a high moisture composition 
and a surrounding annulus fibrosus. When the moisture propor-
tion of the nucleus pulposus increases, the inner pressure on the 
discs increases. Choy et al.7) reported that if the internal capaci-
ty of discs increases by 1.0 mL, the pressure increases by about 
312 kPa (2340 mm Hg). On the other hand, if the internal ca-
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pacity of discs decreases, the pressure decreases as well. Radiat-
ing pain is caused by the pressurization of nerve roots due to 
lumbar disc herniation. Therefore, if the inner pressure on the 
discs is lessened, the herniated disc moves into the center, the 
pressurization of the nerve roots decreases, and the pain is alle-
viated. The main mechanism is to decrease pressure in the discs 
by vaporizing the moisture in the nucleus pulposus using lasers. 
Additionally, it has been reported that heightening the temper-
ature in the nucleus pulposus decreases the receptive capacity of 
the moisture and the pressure inside the discs through the dena-
turation and regeneration of protein.

Eligible patients
1. Patients complaining of lumbago and radiating pain corre-

sponding to radiologic tests.
2. Patients who experience no improvement of symptoms re-

gardless of conservative treatment for a month or more.
3. Patients who have a medical disorder that would contrain-

dicate general anesthesia, particularly elderly patients. 
4. Patients with no bleeding tendency and metastatic lesions 

on the spine. 
5. Patients with no severe scoliosis and retrolisthesis. 
6. Patients with no mental illness, medication addiction, and/

or severe neuropathy. 
 

Operation method
1. The operation is carried out under local anesthesia. 
2. The correct disc level is checked using a C-arm. 
3. A needle is inserted in the skin about 10 cm apart from the 

midline toward the center of the disc. 
4. The insertion of the needle into the center of the disc is 

checked in both directions using a C-arm fluoroscope. 
5. Using the needle, the laser fiber is positioned in the center 

of the nucleus pulposus.
6. The pressure in the nucleus pulposus is decreased through 

the transmission of laser energy to the nucleus pulposus and the 
vaporization of its contents. 

Treatment results and complications
Spinal surgery treatments are reported to have a success rate 

of between 70% and 90%. However, the results of successful treat-
ment are analyzed differently due to the variety of standard mea-
surement. In most cases with minor improvements, free frag-
ments were found in spinal canal. In about 4% to 20% of cases, 
it was reported that improvements in symptoms were slight or 
that herniation of a disc recurred1,4). While the herniation was 
minor in most cases, there were a number of cases where free 
fragments were found in the spinal canal. 

The most common complication of PLDD is discitis, either of 
the septic or aseptic type. Aseptic discitis occurs as a result of 
thermal damage to the vertebral endplates. To prevent this com-
plication, proper control in terms of power, frequency, and pulse 
gap is necessary. Since the purpose of PLDD is to vaporize the 

moisture in the nucleus pulposus, damage to the surrounding 
annulus fibrosus must be avoided. Thus, heat transmission us-
ing lasers should be at the lowest ranges and there should be a 
sufficient interval between heat transmissions as well. Also, there 
should be a sufficient gap between each bout of heat transmis-
sion. Septic discitis occurs due to intrusion of microbes when the 
needle is inserted. To prevent this, the treatment area should be 
disinfected as appropriate. There have also been reports that the 
additional antibiotics may helpful in the prevention of septic 
discitis2). 

Limitations of PLDD
Since PLDD decompresses the nucleus pulposus indirectly by 

using C-arm fluoroscopy, this therapy has been found to be less 
effective than palliative surgery. Therefore, direct endoscopy us-
ing lasers and micro clamps can be used as an alternative meth-
od for removing lesions. Although PLDD has been investigated 
in many studies after used for the treatment of discogenic back 
pain, no randomized controlled test has been conducted. Addi-
tional studies using randomized control tests are needed to com-
pare PLDD with traditional operation methods. 

Use of PLDD in spinal stenosis 
Ren et al.11) reported that PLDD has a positive effect with re-

gard to the treatment of spinal stenosis. The same mechanism 
mentioned above, lowering pressure in the nucleus pulposus by 
vaporizing using lasers, is applied. However, the treatment is 
less effective when the severe pressure presents on the back of 
spine by yellow ligaments in case of spinal stenosis. The treatment 
is effective only when the frontward pressure is dominant due 
to the discs. 

Percutaneous endoscopic laser annuloplasty (PELA) 
Even though the general process of discogenic pain is contro-

versial, it is known that the pain results from internal disc disrup-
tion, degenerative disc changes, herniation of the nucleus pulp-
osus, and damage to the annulus fibrosus10). Peng et al.14) reported 
that granulation tissue from the annulus fibrosus grows on the 
inside of disc and generates nerve damage, thus causing pain. 
The granulation tissue of the annulus fibrosus causes lumbago 
rather than radiation pain. Thus, Lee et al.12) introduced the 
percutaneous endoscopic laser annuloplasty procedure, which 
cauterizes the granulation tissue related to the damaged annu-
lus fibrosus. The main advantage of the PELA procedure is to pre-
serve a healthy nucleus pulposus by minimizing damage to the 
center and front of the disc. 

Eligible patients 
1. Patients with lumbago for over two years who show no im-

provement despite conservative treatment for more than six 
months.

2. Patients who have undergone an MRI that showed disc de-
generative changes.
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3. Patients complaining of discogenic lumbago where damage 
to the annulus fibrosus has been diagnosed in discography.

4. Patients who have a lesion in a segment. 
5. In cases where the following conditions have been exclud-

ed : herniation, fragments, narrowness of a disc, instability of a 
segment, and multi-segment disc degeneration. 

6. In cases where fracture, tumor, and infectious lesions have 
been excluded. 

Operation method
1. The operation is carried out under local anesthesia. 
2. The correct disc level is checked using a C-arm fluoroscopy. 
3. Discography is implemented to check whether or not the 

annulus fibrosus is damaged and there are signs of lumbago. 
4. If there is no damage to the annulus fibrosus and no induc-

ible pain, surgery is stopped. 
5. The entry point is made where a vertical line from the up-

per and lower facet joints and a horizontal line from the disc 
space meet. Normally, the entry point is usually outside area 
where is 12–15 cm apart from the midline. 

6. When the needle enters in the direction of the facet joints, 
the axial angle is presented below 22 degrees. 

7. Before the needle enters the annulus fibrosus, an endoscope 
should be used to check the extradural space, thecal sac, and 
nerve roots.

8. When the needle has entered the annulus fibrosus, damage 
to the annulus fibrosus should be checked using a contrast me-
dium. 

9. A catheter is inserted into the subligamentous inter-annular 
region of the annulus fibrosus. 

10. The damaged annulus fibrosus is treated with cautery us-
ing Ho : YAG lasers. 

11. Disc fragments should be removed using endoscopic for-
ceps.

Treatment results and complications 
Lee et al.12) reported significant improvement of lumbago and 

statistically significant improvements in line with Macnab’s cri-
teria following PELA treatment. However, according to Carra-
gee et al.3), only around 30% showed improvement. The fre-
quency of specific complications or infection was not high. It is 
likely that damage to other parts was minimized by the short 
treatment time and use of the endoscope. 

Limitations of PELA
Compared with PLDD, very little research has been carried 

out on this method, and randomized control tests have not been 
implemented. Also, evaluating pain through discography may 
be difficult to select a patient group appropriate for treatment 
since it can act as a psychogenic bias. Thus, in order to diagnose 
lumbago, it is necessary to check in detail for lesions, implement 
physical examinations, and obtain clear radiologic evidence 
through tests. 

Epiduroscopic laser neural decompression (ELND)
In the case of patients complaining of lumbar and radiating 

pain that has not responded to conservative therapy, epiduros-
copic laser neural decompression?is conducted using an extra-
dural endoscope. For most patients, a nerve root block or palli-
ative surgery is conducted. However, if these measures fail and 
there is no improvement after surgery, ELND is considered. It 
allows communication between a doctor and a patient under 
local anesthesia and exfoliation of adhesion in the epidural area. 
ELND also removes damaged tissue and inflammation and a 
protruded disc to lessen pressure on the nerves. Additionally, ste-
roids and a topical anesthetic can be injected directly around a 
lesion. Hence, ELND can be a good therapy method for patients 
with various lesions. 

Jo et al.11) implemented ELND using Ho : YAG lasers. In their 
procedure, a 2100 nm wavelength was selected at the tissue to 
be removed. The laser was then inserted at a depth of 0.3–0.5 mm 
and the tissue was cauterized, thus minimizing damage to the 
surrounding tissue. However, since there are cases where the 
nerve roots are damaged or discitis occurs, caution is required 
for this procedure. 

Use of lasers in cervical disc disease

Use of PLDD
Li et al.13) have cured patients with cervical disc disease using 

PLDD. Targeting a total of 47 patients, the method was used to 
vaporize the nucleus pulposus of the cervical disc by approach-
ing the front of the collum percutaneously. In around 75% of 
the patients, there was an improvement of symptoms, and over-
all, there were no complications. Thus, PLDD was introduced as 
a safe and non-invasive therapy method. 

Cervical Deuk Laser Disc Repair®

In 2012, Deukmedjian et al. developed a new anterior ap-
proach for treating cervical disc disease using an endoscope9). 
The treatment is based on Ho : YAG lasers and is known to have 
an effect on degenerated disc disease, cervical spine, spinal ste-
nosis, and damage to the annulus fibrosus. By approaching the 
cervical spine from the front and using an endoscope, posterior 
ligaments, posterior spinal endplates, annulus fibrosus, neuro-
pores, and fragments of degenerated discs can be checked directly. 

Cervical Deuk Laser Disc Repair® treatment can treat the dis-
ease while preserving discs. On the other hand, anterior cervical 
discectomy with fusion (ACDF) poses a risk in terms of wors-
ening the stability of segments and causing kyphosis. In addi-
tion, ACDF can be dangerous because it may cause pressure on 
the neck and result in damage to the recurrent laryngeal nerves 
caused by instability of instruments, pseudoarthrosis, dysphagia, 
disability, contagion, and hematoma. However, Deukmedjian 
et al. reported no side effects of treatment using Cervical Deuk 
Laser Disc Repair® treatment. Its treatment indication is similar 
as the one of ACDF and targets the patients who complain of 
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cervical pain, upper radiating pain, and general weakness and 
shows radiological defect related to the symptoms.

Operation method
1. The operation is carried out under general anesthesia. 
2. The location of a lesion is checked using C-arm fluoroscopy.
3. The needle is inserted opposite the area in which the symp-

tom is present. The operation is carried out on the outside of the 
carotid and inside the esophagus and the respiratory tract. 

4. C-arm fluoroscopy is used to position the tip of the needle 
at the front of the disc between the longus colli muscles and to 
place it into the center of the disc. 

5. A dyeing material is used to facilitate endoscopic clarity 
throughout the procedure. 

6. A guidewire is used to guide the endoscope to the inside of 
the disc. The posterior longitudinal ligament, posterior spinal 
terminalis, annulus fibrosus, neuropores, and fragments of the 
ruptured disc are then checked. 

7. The damaged disc is recovered using Ho : YAG lasers and 
the Wolf (Germany) endoscopic forceps. 

8. Bone spurs pressing against the spinal cord or neuropores 
can be cauterized for a few seconds, with the lasers set to 20W. 

9. During the endoscopic treatment, continual cleaning with 
low-temperature physiological saline is necessary. 

CONCLUSION

This research investigated the specific fields and methods of 
laser treatment generally used to address spine diseases. Over-
all, laser treatments have advantages over palliative operation 
treatment in terms of less invasive procedures, shorter treat-
ment periods, and faster recovery times. Also, in a number of stud-
ies, while improvement of symptoms after the treatment ap-
peared to be significant, the complication issues were minor. 
Therefore, it can be concluded that further research on laser treat-
ments will be helpful in the treatment of spine diseases. More-

over, because randomized control experiments have not been 
carried out in most studies, this is likely to be a necessity for fu-
ture studies. 
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