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Summary 
Intervertebral disc herniation is an important health problem 

from both the social and economic aspect. It is often accompanied 
by a decrease in the content of water and proteoglycan (PG). The 
present study was undertaken to elucidate the effect of neodymium- 
yttrium-aluminum-garnet (Nd:YAG) laser on degenerated disc tis- 
sue. 

In this study a ventral disc herniation model in guinea pigs was 
performed to study the effects of Nd:YAG laser on degenerated 
disc with low water and PG content. Effect of Nd:YAG laser on 
degenerated cervical disc tissue is examined from the aspects of 
biochemistry and radiology. In the acute period water, PG, and col- 
lagen content decreased due to the ablative effect of Nd:YAG laser 
on disc tissue. When changes in the degenerated disc in the post- 
laser chronic period were compared with degenerated disc findings, 
statistically significant changes could not be be found. 

From the results of this study, there is no question that the 
Nd:YAG laser offers many potential benefits, it remains to be prov- 
en whether or not this is of real benefit in the treatment of patients 
with degenerated disc disease. 

Keywords: Intervertebral disc; neodymium:YAG laser; experi- 
mental model; proteoglycan; degeneration. 

Introduction 

Anatomically, the intervertebral disc which has an 
important role in the continuation of biomechanical 
functions of  the spinal column is composed of three 
regions: annulus fibrosus, nucleus pulposus, and car- 

tilage end plate. Movement  ability and shock absorp- 
tion capabilities of  the vertebral column are provided 
by proteoglycan (PG), collagen, and water found in 
the structure of  the intervertebral disc [1, 2, 4, 10, 19, 
21, 22, 40, 43, 49, 55]. As a result of disc degenera- 
tion related to ageing or disc herniation, water and PG 

*This study was presented in part at the 8th National Congress 
of the Turkish Neurosurgical Society, Marmaris, May 8-12, 1994. 

content of  the disc decreases with loss of  its hydro- 
static properties [1, 4, 8-10, 26, 27, 29, 34, 37, 40, 
55]. Disc herniation associated with degenerative 

change is one of the most  common problems 
encountered in neurosurgical practice. 

As is known, disc surgery is the most important 
part of  vertebral column surgery and the standard sur- 

gical procedure for disc herniation is partial laminec- 
tomy and discectomy. Recently, due to advances in 

spinal surgery, percutaneous disc surgery (PDS) as an 

alternative procedure to standard discectomy has 
evolved for disc herniations. In 1986, Choy and 
Ascher applied laser surgery for the first time, to the 
intervertebral disc resulting in coagulation and 

shrinkage in the size of  the disc [12, 13]. It is postulat- 
ed that due to vaporization of water, internal disc 
pressure decreases which in turn results in disc 
decompression as well as decompression of neigh- 

bouring neural elements [13, 24, 32, 36, 44, 45]. This 
type of disc surgery showed some technical difficul- 

ties, such as causing damage to the surrounding tis- 
sues by the laser energy [13, 15-17, 25]. 

In neurosurgery, it is well known that the vapora- 
rive effect of neodymium-yttr ium-aluminium-garnet  
(Nd:YAG) laser increases in proportion to the 

increase in water content of  the tissue [9, 12]. 
Although much effort has been made to ascertain the 
possible effect of  laser energy on disc tissue, the 
results of laser surgery on degenerated disc with low 

water and PG content is not yet clearly defined. To 
show acute and chronic changes in degenerated cervi- 

cal disc after laser irradiation, an experimental disc 
degeneration model described in 1951 by Smith and 
Walmsley [49] was used in this study. The aim of this 
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study is to demonst ra te  b iochemica l  and rad io log ica l  

inf luences  o f  N d : Y A G  laser on degenera ted  disc tis- 

sue. In the second part, the inf luence  wil l  be further 

s tudied together  wi th  the h is to logica l  and magne t ic  

resonance  (MR) imag ing  f indings [52]. 

ronic acid as the standard. The hydroxyproline content as a mea- 
sure of collagen content was estimated colourimetrically using a 
method based on the methods of Woessner [47] and Bergman and 
Loxley [5]. The wet weight of each disc material group was 
obtained and the dry weights were measured after freeze-drying the 
weighed samples. Water content was calculated as % water/wet 
weight. 

Materials and Methods 
Animals and Surgical Procedure 

Twenty adult, male guinea pigs (each weighing between 250 g 
to 350 g, 2 months old) were used in this experiment. They were 
obtained from litters bred at the animal resource unit of the School 
of Medicine, Hacettepe University. The care of the animals com- 
plied with that stipulated by the Principles of Laboratory Animal 
Care and the Guide for the Care and Use of Laboratory Animals 
produced by the American National Society for Medical Research 
and the National Academy of Sciences, respectively. Prior to sur- 
gery, each animal was anaesthetized with a combination of 
10 mg/kg xylasine (BAYER B irle~ik Ahnan Ila~ Fabrikalarl T.A.~, 
Istanbul) and 60 mgNg ketamine hydroehloride (Parke-Davis, 
Istanbul), administered intramuscularly. 

Guinea pigs were then divided randomly into four treatment 
groups (five animals in each) according to the experimental proce- 
dures. In the first control gorup (Group 1) five animals were killed, 
two intervertebral discs were dissected from C3-C4 and C4-Cs lev- 
els and immediately placed into a freezer at -60 ~ C until the time of 
biochemical analysis. In the remaining three groups (Groups 2, 3 
and 4), each animal's neck was shaved and the skin was scrubbed 
with providone iodine (Betadine). Using standard aseptic microsur- 
gical techniques, the ventral surface of the cervical vertebral bodies 
and disc spaces in between were exposed through an anterior cervi- 
cal approach under a binocular operating microscope (Opmi 99, 
Zeis, Germany). Then, a 2-3 mm long transverse incision through 
the annulus fibrosus was made in order to obtain a degenerated disc 
at C3-C4 and C4-C5, using a number 11 blade knife. The C5-C6 lev- 
el was marked with metallic clips and silk sutures. At the end of 
surgery, all wounds were closed in a standard manner with absorb- 
able sutures. In the second group (Group 2, n = 5) with degenerat- 
ed disc guinea pigs were killed 60 days after the surgical procedure, 
all discs incised previously were dissected, and samples were taken 
for biochemical analysis. In the other two groups with degenerated 
discs, all animals were re-anaesthetized and the original cervical 
incision was re-opened and Nd:YAG laser device (wavelength 
1,064 nm, MBB medilas Fa. Germany) attached to the operating 
microscope was used to vaporize the degenerated discs. Laser irra- 
diation was done under the following conditions: duration of 0.4 
seconds at a power of 20 watts and an interval of 1.5 to 2.0 seconds. 
Repetition time was 15 to 20 times (total energy = 90-160 joules). 
All animals were killed on the pt day (Group 3, n = 5) and 60 
(Group 4, n = 5) days after laser irradiation, respectively. As previ- 
ously described, samples were then harvested from each of these 
groups for biochemical analysis. 

Reagents and Biochemical Analysis 

In our present experimental study, p-Dimethylaminobenzalde- 
hyde, D-glucuronic acid, papain, 1-cysteine, HC1, carbazole, and 
cethylpyridinum chloride were obtained form the Sigma Chemical 
Co., St. Louis, Mo. PG content was determined by the modified 
uronic acid carbazole reaction of Bitter and Muir [7], with D-glucu- 

Roentgenography 

Lateral roentgenograms of the cervical region of each animal 
were taken just prior to their deaths, in order to monitor disc height. 
The disc height at C3-C4 and C4-C5 was measured from the roent- 
genograms for statistical evaluation of the data to determine the 
effects of the disc degeneration and Nd:YAG laser on degenerated 
disc height as a function of time. The height of the disc space was 
measured at the centre of the interspace and divided by the vertical 
midbody vertebral dimension. This ratio, which was named the disc 
index, was then used for comparison [3]. 

Statistical Analysis 

One-way analysis of variance (ANOVA)was employed to 
compare variations between the disc index values at all time peri- 
ods. Because of significant difference between the values, the anal- 
ysis was followed by Tukey's test. The difference among the bio- 
chemical values at all time periods were evaluated with Kruskal- 
Wallis one-way analysis of variance tests for comparisons followed 
by Tukey's test. Statistically significant differences were defined 
as p<0.05 for all tests. 

Results 

Biochemical Findings 

a. Water content o f  disc tissue: The water  content  

o f  the disc t issue was de te rmined  by obtaining the dry 

weight  of  the tissue (Table 1). The  water  content  of  

the normal  interver tebral  disc in Group 1 was 81% of  

the t issue wet  weight .  Af te r  exper imenta l  disc inci-  

sion, the water  content  of  the tissue in Group 2 

decreased  to 57% of  its or iginal  weight .  In Groups  3 

and 4, the water  content  decreased  to 53% and 55% of  

the tissue wet  we igh t  on the 1st day and 60 days after 

laser i rradiat ion of  the degenera ted  disc, respect ively.  

However ,  the ratio o f  dry weigh t  to wet  weight  

increased with t ime;  in Group 2, the dry weigh t  at 60 

days after exper imenta l  disc incis ion was 43% of  the 

weight  o f  t issue and in Group 4, 60 days after laser  

i rradiat ion on the degenera ted  disc, 45% of  the origi-  

nal value,  whi le  it was 19% of  the wet  weight  of  tis- 

sue in Group 1. This means  that the water  content  o f  

the disc had s ignif icant ly  r ecovered  and that other  

componen t s  such as protein bad increased with  time. 

b. Collagen content o f  disc tissue." The co l lagen  

content  of  the disc t issue for all groups was measured  

(Table 2). The  co l lagen  content  of  the degenera ted  

disc in Group 2 was s ignif icant ly  greater  than those of  
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Table 1. Water Content of Guinea Pi~ Discs in Wet and Dry Tissues 

Wet weight Dry weight 
(rag) 

Water content 

mg % mg % 

Normal 112 21 18.7 91 81.3 
Control s 65 28 43.0 37 57.0 
1 day b 36 17 47.2 19 52.8 
60 days b 62 28 45.1 33 54.9 

Wet or dry weight is expressed as the total weight of ten intervertebral discs. 
aDegenerated disc. 
bDisc after laser irradiation. 

Table 2. Collagen Content of Guinea Pig Discs in Wet and Dry Tissues 

mg collagen/g dry tissue mg collagen/g wet tissue 

Normal 173.75+_25.40 32.58+4.77 
ControP 200.077-+29.49 86.20+12.70 
1 day b 133.47_+4.38 63.03+2.07 
60 days b 212.66+_32.51 98.47+10.69 

All values are given as means standard deviations. 
a Degenerated disc. 
b Disc after laser irradiation. 

Table 3. Proteoglycan Content of Guinea Pig Discs in Wet and Dry Tissues 

mg proteoglyean/g dry tissue mg proteoglycan/g wet tissue 

Normal 165.03_+1.39 30.94+0.26 
Control a 150.99_3.48 65.04+1.50 
1 day b 112.41-+2.29 53.08-+1.08 
60 days b 154.28+4.69 69.68+_2.12 

All values are given as means standard deviations. 
a Degenerated disc. 
b Disc after laser irradiation. 

the normal  disc in Group 1; 150% of the dry weight  

of the t issue and 250% of the wet weight  of the tissue. 

At  one day after laser i r radiat ion in Group 3, this ratio 

had decreased to about  70% of the value of the degen-  

erated disc in Group 2. Statistical analysis  of this 

results demonst ra ted  that there was a s ignif icant  dif- 

ference be tween  Groups 2 and 3 (p = 0.014). At 60 

days after laser irradiation,  this ratio had increased 

s ignif icant ly  in Group 4 and there was no s ignif icant  

difference be tween  Groups 2 and 4 (p = 0.895). 

c. PG content  o f  disc tissue: To determine the alter- 

at ions in the PG content  of the disc tissue with t ime, 

the PG amount  of both the dry and wet weights of 

each disc was measured  (Table 3). The percentage 

Fig. 1. Radiographic changes in the intervertebral discs in one guine pig following experimental disc degeneration and laser irradiation. The 
arrows show the two disc spaces which were incised and irradiated. (A) Normai intervertebral discs in Group 1. (B) Sixty days after exper- 
imental disc incision, the same two spaces showed narrowing and loss of disc space in Group 2. (C) One day after laser irradiation, heights 
of irradiated discs had decreased to less than two-thirds of the original height in Group 3. (D) Sixty days after laser irradiation, the disc spac- 
es at the irradiated levels are restored in Group 4 (see arrows) 



M. Turgut et aI.: Nd: YAG Laser on Experimental Disc Degeneration: Part I 1351 



1352 M. Turgut et al.: Nd: YAG Laser on Experimental Disc Degeneration: Part I 

2- 

X 
L.U 
O 
Z 

C,) 1 -  

Nd: YAG 

I I 

60 120 
TIME (DAYS) 

Fig. 2. Changes in the disc space height after the experimental disc 
degeneration and laser irradiation of the degenerated disc 

ratio of PG content of the degenerated disc to dry 
weight in Group 2 decreased to about 90% of the nor- 
mal disc in Group 1. At one day after laser irradiation, 
the percentage ratio of PG content in Group 3 
decreased to 65% of that in the degenerated disc in 
Group 2. However, the percentage ratio of PG content 
to dry weight increased to 90% of the normal disc, but 
there was no significant difference between Groups 2 
and 4 (p = 0.315). Statistical analysis of the results of 
PG content demonstrated that there was a significant 
difference between the other groups (p = 0.00). 

RadioIogical Findings 

Significant narrowing of the disc height was shown 
in all roentgenograms at 60 days after experimental 
incision of the intervertebral disc in Group 2 (Fig. 1A 
and B). When the changes were measured on the first 
day after laser irradiation on the degenerated disc, the 
height in Group 3 had decreased to about 60% of its 
original value (Fig. 1C). At 60 days after laser irradi- 
ation on the disc, the disc height in Group 4 had 
returned to its original value (Fig. 1D). The disc index 
value for each period is shown in Fig. 2. The differ- 
ence in the disc height was statistically significant 
(p>0.05). 

Discuss ion  

The intervertebral disc is one of the structures 
placed between the two adjacent vertebral bodies and 
plays an important role in the maintanance of the 
functions of the spinal column. The first anatomico- 
pathological studies related to the disc were per- 
formed by von Luschka in 1958 [28]. The exact rela- 
tionship between the disc lesions and sciatica was 
first described by Mixter and Barr in 1934 [38]. Now- 
adays, intervertebral disc herniations are still one of 

the most important health problems from both the 
public and economic aspects [3, 4, 9, 14, 16, 20, 
29-35, 37, 39, 41, 42, 46, 47, 51]. It is estimated that 
about 60 to 80% of the people had experienced an 
acute attack of back pain at sometime in their life [4, 
20, 39]. Prevention of morbidity and mortality, com- 
plete relief of the pain, and having a rapid healing 
process are the main principles of solving this prob- 
lem. Surgical decompression of the presenting disc 
lesion by a posterior approach to the spinal column is 
the commonly used conventional treatment modality. 

Normal disc tissue is quite a rigid material which is 
closed to the surrounding structures. Therefore, it is 
assumed that a small volume change due to the vapor- 
ization effect of laser irradiation on the disc material 
would achieve decompression and a significant 
decrease in the pressure within the disc [13, 36]. It is 
accepted that vaporization created by Nd:YAG laser 
is primarily due to the heat effect of the laser [15, 18]. 
As a result, shrinkage occurs in the target tissue, lead- 
ing to the formation of end products like vapour, car- 
bon, CO2 and carbonized tissue fragments [ 18, 23, 32, 
48]. Some of the studies suggested that laser applica- 
tion not only lengthened the surgical intervention 
period but also increased the surgical risks. In an 
experimental study, Trauner et al. [53] showed that 
the amount of laser energy necessary for vaporization 
of water for a material completely composed of water 
is 2.5 kJ/cm 3, for the articular cartilage containing 70 
to 80% water is 10.5 kJ/cm 3 and for the fibrous carti- 
lage with a lower content of water is 12 kJ/cm 3. From 
the results of this study, it can be concluded that as the 
water content of the target tissue decreases, the 
amount of laser energy necessary to provide vaporiza- 
tion increases. On the other hand, the depth of vapor- 
ization created by Nd:YAG laser can not be controlled 
completely. Therefore, the increased heat produced 
by laser energy can cause damage to the surrounding 
tissue [11, 15, 33, 53]. Recently, the introduction of 
new laser types has been started with the purpose of 
decreasing thermal damage and avoiding the prolon- 
gation of wound healing [9, 20, 44, 45]. 

Previous studies on normal disc material showed 
that laser was more effective on the disc with a high 
water content [13, 23, 32]. This effect is probably a 
result of the better absorption of laser by these tissues. 
In this study, acute and chronic biochemical and radi- 
ological changes after Nd:YAG laser irradiation on 
degenerated disc tissue were evaluated. As used in the 
present study, there is no experimental study showing 
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the effects of laser irradiation on degenerated disc 

material which contains a lesser amount of water. 

Radiologically, decrease in the height of disc after 

disc herniation is a well-known process [3, 6, 23, 25, 

32, 42, 50, 54, 56, 57]. When normal disc tissue in 

Group 1 was degenerated, more than 50% decrease in 

the height of the disc was observed in our study. On 

the other hand, after laser irradiation on degenerated 

disc, there was only a 40% decrease in disc height in 

Group 3. In Group 4, disc height was increased again, 

but when the height of disc in Group 4 was compared 

with the height of disc in Group 2, there was no statis- 

tically significant difference (p>0.05). 

It is accepted that decreasing content of water in a 

disc is the result of the decrease in the amount of PG 

[4, 10, 34, 55]. Therefore, a decrease will occur in the 

hydration of a disc with decreased PG content. On the 

other hand, it is suggested that collagen has an effect 

on PGs by forming a fibrous network and controls the 

swelling pressure of the disc [19, 22, 26, 48]. After 

laser irradiation to the degenerated disc, decrease in 

water, PG, and collagen content in Group 3 is due to 

the ablative and vaporizative effects of laser. There 

was a statistically significant difference in the bio- 

chemical values of the discs between Groups 2 and 3, 

whereas the biochemical findings in Group 4 were 

not significantly different from Group 2. In addition, 

there was statistically significant difference in bio- 

chemical findings of degenerated disc between 

Groups 1 and 3. This result is also in accordance with 

the radiological findings. 

Although results of the current study cannot be 

directly related to clinical efficacy, they allow us to 

draw the following conclusions. First, an experimen- 

tal degeneration model can easily be obtained by 

making a ventral disc incision in guinea pigs. Second, 

by ventral disc herniation in normal disc tissue, water 

and PG content decreases while collagen content 

increases. Third, biochemical and radiological 

changes between Groups 2 and 4 were found to be 

insignificant statistically. Fourth, it is quite difficult to 

see Nd:YAG laser disc surgery as an effective treat- 

ment modality. Although it seems attractive to use 

laser technology in disc surgery, the results of this 

experimental study do not support the effectiveness of 

laser in disc surgery. However, Nd:YAG laser may 

have different effects on various collagen types and 

PG monomers. Therefore, from a clinical standpoint, 

further studies are necessary to show these effects. 
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