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Introduction:

The aim of this investigation is to apply laser light to investigate intervertebral
disc material and to use laser light for treating intervertebral disc herniations. Our
investigation consists of experimental part- spectroscopic study of intervertebral disc
material; and clinical part- percutaneous laser disc decompression, introduction of the
treatment method and case series analysis. The approval to conduct biomedical research

was obtained from Lithuanian bioethics committee.

Background for experimental part:

Low back pain is one of the most common causes of disability for individuals of
working age in developed countries [1]. There are many causes of low back pain, and it
is generally believed that degenerative disc disease (DDD) is one of the most prevalent
[2]. Although the mechanisms by which DDD may cause low back pain are not clear, a
severity of DDD 1is associated with onset of symptoms [3]. Degeneration of the
intervertebral disc (IVD) is associated with progressive changes in disc material
properties, disc extracellular matrix composition, and morphology. Degenerative disc
disease is believed to begin as early as the second decade of life, and is viewed by most
as an inevitable consequence of ageing. Despite its prevalence, there is no clear
distinction between disc degeneration and normal maturation, nor is it clear why disc
degeneration progresses slowly in some patients, whereas in others more rapid
destruction of the intervertebral discs can occur.

There are numerous methods of investigating intervertebral disc. Visualization
methods are widely used in clinical practice [4]. Histological, imunohistochemical and
biochemical methods are more used in scientific research. One accepted method for
grading IVD degeneration severity is pathomorphological [5]. This method has been
shown to be both reliable and repeatable. Biochemical methods have also been
established [6]. We propose that new spectroscopic investigation would be useful in
determining intervertebral disc material. Spectroscopic investigation is based on the auto
fluorescence phenomenon of intervertebral disc tissue, which is known since 1964 [7].

Nevertheless there were not performed clinical studies to investigate clinical value of



this phenomenon. The auto fluorescence of disc tissue is triggered by UV light. The
molecular sources of the phenomenon are specific amino acids of the collagen
molecules.

The normal intervertebral disc is an avascular fibrocartilaginous structure
populated by poorly characterized cells in an extensive extracellular matrix. In the adult,
the cells comprise two types resembling chondrocytes or fibrocytes [8]. These cells are
thought to predominate because they are better suited to withstand the avascular
environment in the adult disc. The cells within the disc synthesize the matrix within
which they are suspended and then maintain and repair it. The disc matrix consists of an
elaborate framework of macromolecules filled with water. The structural integrity and
mechanical properties of the disc depend on the interaction between these two
components. The principal macromolecules of the matrix are collagen and
proteoglycans; the collagen fibrils are embedded in a gel of proteoglycans and water [9].
The proteoglycan molecule is made up of a core protein to which a variable number of
glycosaminoglycan units are covalently attached. The most common glycosaminoglycan
side chains in the disc are chondroitin sulfate and keratan sulfate, with the former
predominating in the normal disc and the latter in the degenerated disc [8].

The collagens are important in conferring tensile strength to the disc. They are
most abundant in the outer annulus, where they comprise 70% of the dry weight,
whereas they make up only 20% of the central nucleus pulposus [9]. The intervertebral
disc is composed predominantly of Types 1 and II collagen. Under normal
circumstances, Type I collagen is found mainly within the outer annular region. Type II
collagen, however, is present in the highest concentrations within the nucleus and the
endplate. An inverse gradient exists across the disc, whereby Type II collagen content is
highest in the core of the disc and diminishes progressively into the periphery. The
reverse occurs for Type I collagen. In general, the distribution of the various types of
collagen does not change with aging [10]. If the disc degenerates, the composition of the
collagen changes. In the early stages of degeneration, the normal collagen types density
increases within their usual areas of distribution. There is also an increase in the content
of Types III, V, and VI collagen in the nucleus and the increased concentration of Type I

collagen in the annulus.



There are qualitative changes as well in more advanced degeneration. The Type I
collagen begins to appear in the nucleus and Type II collagen disappears from the endplates.
[10]. All these collagen molecules in all tissues emit auto fluorescent light under UV irradiation
[7]. Collagen remodelling- collagen II replacement by Collagen I in nucleus pulposus (NP) is a
marker of degeneration. Other molecules- particularly hemoglobin- extinct the auto
fluorescence. A strong absorption band of hemoglobin, the so-called Soret band is responsible
for the extinction [7] and can influence the fluorescence spectrum structure.

The auto fluorescence effect of disc material can become a keystone in detection of
biochemical change in disc material corresponding degenerative disc disease and creation of

minimally invasive diagnostic device based on spectroscopic analysis.

Background for clinical part:

Lumbar disc hernia (LDH) is a common cause of low back pain and radicular leg pain
(Sciatica). The incidence of low back pain, which is thought to be associated with degenerative
changes in the disc, represents a major epidemiological problem. As many as 80% of adults will
experience at least one episode of low back pain during their lifetime, and 5% will experience
chronic problems [11]. The annual incidence of sciatica is 5 per 1000 of adult population [12].
In 60%—-80% of patients experiencing their first episode of radicular pain, the symptoms recede
to a nondisabling level within a period of 6 weeks [13]. The remaining group of patients is
considered as candidates for surgery. Open disc surgery has a certain risk of late complications,
so there is ongoing search for minimally invasive techniques to be safer and provide faster
rehabilitation and return to work. Percutaneous laser disk decompression (PLDD) is one of
minimally invasive treatment modalities for contained lumbar disk herniation. The treatment is
performed percutaneously, so convalescence period is shorter than for open disc surgery. The
idea of using laser in the treatment of lumbar disk arose in the early 1980s. After a series of in
vitro experiments Choy and colleagues performed the first PLDD on a human patient in 1986
[14]. By 2002, some 35,000 PLDDs had been performed worldwide [15]. The treatment
principle of PLDD is based on the concept of the intervertebral disk being a closed hydraulic
system. This system consists of the nucleus pulposus, containing a large amount of fluid,
surrounded by the inelastic annulus fibrosus. An increase in water content of the nucleus
pulposus leads to a disproportional increase of intradiscal pressure. In vitro experiments have
shown that an increase of intradiscal volume of only 1.0 mL causes the intradiscal pressure to

rise by as much as 312 kPa (2340 mmHg) [14]. On the other hand a decrease of intradiscal



volume causes a disproportionally large decrease in intradiscal pressure. The radicular pain that
characteristically accompanies lumbar disk herniation is the result of nerve root compression by
the herniated portion of nucleus pulposus. A reduction of intradiscal pressure causes the
herniated disk material to recede toward the center of the disk, thus leading to reduction of nerve
root compression and relief of radicular pain. In PLDD, this mechanism is exploited by
application of laser energy to evaporate water in the nucleus pulposus. Laser energy is delivered
by a laser fiber through a hollow needle placed into the nucleus pulposus. The needle is placed
into the intervertebral disk under local anesthesia. Apart from evaporation of fluid, the increase
in temperature also causes protein denaturation and subsequent renaturation. This causes a
structural change of the nucleus pulposus, limiting its capability to attract water and therefore

leading to a permanent reduction of intradiscal pressure by 57% [14].

Experimental part of the investigation:

In experimental part of our investigation, we studied disc herniation biopsies of the
lumbar spine, material removed during open surgery; such a material has the closest
biochemical and structural relationship with intervertebral disc itself. The aim of this
investigation is to determine biochemical changes, specific for degenerating disc, by studying
disc herniation (fragment of intervertebral disc) via spectroscopic analysis of disc auto

fluorescence, and to compare this data with histological/histochemical and MRI findings.

The aim of the experimental part of the study:

The aim of the investigation is to apply laser as a light source for luminescence
investigation of intevertebral disc material. To collect database of recorded luminescence
spectra, to compare spectra with biochemical structural changes of intervertebral discs, and to

evaluate possibility of spectroscopic investigation to be used in clinical practice.

The objectives of the experimental part of the study:

1. To create methodology for investigating intervertebral disc specimen.
2. To measure intervertebral discs specimen spectra by spectrometer, to perform
analysis of collected spectra, establish spectral features characteristic for all

intervertebral discs, and spectral changes dependant on biochemical structure of



disc specimen.

3. To collect disc specimens of different anatomical origins, investigate them
applying  unified  methodology, compare spectral ~ data  with
histological/histochemical findings and preoperative MRI data. To evaluate the
use of performed investigation for further research on degenerating
intervertebral disc, potential value for application in minimally invasive

intradiscal procedures.

Clinical part of the study:

In clinical part of our investigation we present new in Lithuania treatment
method for intervertebral disc herniation- Percutaneous Laser Disc Decompression
(PLDD). For the first time in our country, we performed minimally invasive intradiscal
treatment of disc herniation. We selected group of patients suitable for PLDD procedure,

evaluated preoperative findings, indications and follow-up outcome of the treatment.

Objectives of the clinical part of the study:

4. To create clinical basis for Percutaneous Laser Disc Decompression (PLDD), to
estimate indications and contraindication for the procedure.

5. To select patients, suitable for this procedure, to perform procedures, to evaluate
patients before the treatment and on follow-up. To evaluate applicability and

efficiency of PLDD procedure.

Advantages and novelty of study:

Study analyses biochemical, structural and histological/histochemical changes of
intervertebral disc, happening during degeneration process. We applied luminescence
investigation of disc tissue auto fluorescence to investigate biochemical change in disc
matrix. We created methodology for preparing and investigating intervertebral disc
specimen. For the first time, we recorded disc auto fluorescence spectra, gathered by

irradiation of disc material by UV laser. We compared collected spectra with



histological/histochemical and biochemical changes in disc specimens.

In clinical part of our study, for the first time in Lithuania, we performed laser
surgery (PLDD) for intervertebral disc herniation. We collected group of the patients,
evaluated indications and contraindication for the laser surgery, analyzed efficiency of

the procedure.

Claims to be defended:

1. By irradiating intervertebral disc material with UV laser, auto fluorescence
phenomena can be observed.

2. Auto fluorescence phenomena represent matrix substances composing
intervertebral disc.

3. From the auto fluorescence spectra biochemical changes inside disc matrix
can be established, those changes may be sensitive signs reflecting disc
degeneration process.

4. We suggest that patients having nerve root contact or deviation on MRI are
best suited for PLDD, but those having nerve root compression or evidence of
noncontained herniation (transligamentous extrusion or sequestration) should

undergo open surgery.

Creating methodology for experimental part of the study:

One of the objectives for experimental part was to create methodology for preparing and
examining disc specimens removed during open surgery. Several questions arouse: what
samples should be presented for investigation, do frozen sections of disc tissue have the same
spectral features as native specimen (whole piece of the disc removed during surgery), do
spectral features change with time and what thickness of frozen sections is best suited for auto
fluorescence investigation? Best light source to excite disc specimen and causing auto
fluorescence phenomena should be determined also. Parameters for gathering spectra and
analyzing gathered data should also be determined.

Different substances are known to constitute the intervertebral disc. We compared

fluorescence spectra matrices [16] of substances known to be found in disc material with
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our gathered data. Collagen type I at peak excitation conjunct with arising part of our
spectra and may be responsible and form first Gaussian peak of our spectra (Fig.1). The
same parallel was determined with collagen type II, collagen type VII and elastin. All
mentioned substances are known to constitute intervertebral disc. By comparing standard

excitation/ emission matrices with our gathered spectra we determined that our spectra

represent different fluorescing agents found in intervertebral discs.
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Fig. 1. Collagen type I excitation/emission matrix [16] compared with our
spectra. Arrow- peak excitation of collagen type I conjunct with first
Gaussian peak of our spectra.

Methodology for experimental part:

Intervertebral disc specimens were removed during open surgery. Preoperative
patients MRI was evaluated using Pfirrmann disc degeneration scale [17] and Komori
scale for migrating of herniated nucleus pulposus [18]. Native disc specimens were
frozen to -20°C and cut into 20um thick slices, placed on quartz glass and prepared for
spectral analysis within 48 hours after removal. Bordering slices were taken for
histological evaluation. Luminescence spectra were measured in rage from 340nm to
1000nm. Excitation light source was Standa mikrolaser STA-01-TH 355nm. Disc

material auto fluorescence was determined in range from 370nm to 700nm. Collected
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data was stored in computer and analyzed by Origin 7.0 software. Spectra were

normalized by the minimal value on Y axis to remove amplitude and light source error

(Fig. 2). Spectra were analyzed using Gaussian multipeak analysis (Fig. 3).
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Fig.2. A- spectra collected from the spectrometer,; B- spectra after normalization
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Fig.3. Spectra (black line) and major Gaussian peaks (green line).

Stained disc sections were evaluated histologicaly. We used histological grading

of lumbar disc degeneration on sagittal paraffin sections stained with haematoxylin and

eosin, Masson—Goldner and Alcian blue-PAS proposed by Boos et al. [19]. The protocol

was additionally extended by histochemical staining of slices with Picrosyrius red and

evaluation in polarized light of collagen fibers (Fig. 4) and of proteoglycans by staining
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with Safranin O and Toluidine blue. Semi quantitative evaluation of different collagen
fibers composing disc specimen allowed us to compare histological data with

fluorescencing components of disc matrix.

Fig.4. Different collagen fibers composing intervertebral disc section. Stained in
Picrosyrius red. Green- collagen type II; red - collagen type I, yellow - other
types of collagen. PS x 200.

The statistical data analysis was performed using SPSS statistics software for
Windows (version 12.0). The averages (A) of the normal parameter values were
calculated with standard deviations (SD). The statistical significance of the difference in
the nominal data was determined on the basis of the Chi-square (y?) criteria, the
difference in the normal quantitative data averages for two independent samples was
determined using Student’s t-criteria, and the difference in the normal quantitative data
averages for three independent samples was determined on the basis of an ANOVA
single factor analysis of variance. The statistical significance of the difference in the rank
data when there are two independent samples was determined using Mann-Whitney-
Wilcoxon criteria. The statistical significance of the difference in the rank data when

there are three independent samples was determined using Kruskal — Wallis criteria. A
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significance level of p<0.05, in which the results were deemed statistically reliable, was

selected.

Patients and samples for experimental part:

Disc specimens were gathered during standard open discectomy procedure at
department of neurosurgery, Vilnius University Emergency Hospital form 2009-02-02 to
2009-09-11. Informed consent was signed prior to surgery by every patient involved,
MRI data were evaluated. Accordingly to intraoperative findings, all the samples were
divided into three groups: D group- disc specimen gathered from inside the disc space,
posterior longitudinal ligament (PLL) intact; P group- herniation removed from
subligamentous space, PLL disrupted; S group- free sequester in direct contact with
epidural vessels (Fig. 5). For the final assessment 29 disc specimens were collected, 290

spectra analyzed.

Fig. 5. Sites of disc specimen collection: D- disc specimen from inside the disc, (PLL)
intact; P- herniation from subligamentous space, PLL disrupted; S- free sequester.

Results of experimental part of the study:
Less degenerated disc samples had predominating collagen type II as major

fibrous matrix component. More degenerated disc samples showed decrease of collagen

IT and increase of collagen 1. Histochemical section staining by Picrosyrius red, allowed
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us to evaluate qualitative presence of different types of collagens and make semi
quantitative calculation of collagen II\collagen I\other collagens distribution throughout
the section. Analysis of groups by anatomical location of specimen, revealed that groups
differ accordingly to general disc degeneration index (Boos N. index) D<P<S (p=0.002).
Samples from inside the disc show least degeneration, free sequesters- most. Groups do
not differ accordingly to age and collagen concentration. Groups differ accordingly to
Komori index: D<P<S (p=0,001), with sequesters being most distant from parent disc.
Groups differ accordingly to proteoglycan presence D>S>P (p<0.0001). Groups differ
accordingly to mucinous fluid presence D>S>P (p=0,001). Samples from inside the disc
show largest amounts of proteoglycans and mucinous fluid. Groups do not differ
accordingly to Pfirrmann disc degeneration scale on MRI. MRI cannot determine
biochemical and morphological structure of disc herniation.

Analyzing disc specimen spectra, all the spectra were normalized and analyzed by
Origin 7.0 software. Spectra were analyzed using Gaussian multipeak analysis. All the
spectra could be analyzed using four Gaussian components. We determined that three
Gaussian components peaks are constant and represent statistically significant
differences between the peak average wavelengths: Al- 406,9+ 2,97; A2- 431,9+ 7,63;
A3-467,5£ 5,03 (p<0,0001) (Fig. 6). Fourth Gaussian component varied in samples by

peak and amplitude, and was disregarded at final assessment.
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Fig.6. Three major Gaussian peaks determined in all the spectra and differing
significantly: A1- 406,9+ 2,97; A2- 431,9+ 7,63; A3- 467,5+ 5,03 (p<0,0001)
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Two groups of spectra were distinguished by the form differences: A and p
(Fig.7). A group of spectra demonstrated Gaussian peak amplitudes: A1> A2 >A3; p
group of spectra demonstrated Gaussian peak amplitudes: A1> A2 <A3 (Fig. 8).
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Fig. 7. Two distinguished groups of spectra: A- 1 group, B- u group.
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Fig. 8. Two distinguished groups of spectra: A- 1 group (Gaussian peaks resemble Greek
letter A- blue line), B- u group (Gaussian peaks resemble Greek letter u - blue line).

Analysis of groups by spectral shape revealed that groups differ accordingly to
collagen concentration: collagen I- A> p (p=0.005); collagen II- A<< p (p<0.0001), other
collagens- 2> p (p=0.002). Spectral groups do not differ according to age, general
degeneration index (Boos N. index), proteoglycan and mucinous fluid amounts, Komori

index and Pfirrmann degeneration scale on MRI.
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Analysis of the results: experimental part

Collagens composing intervertebral disc demonstrate fluorescence under
irradiation of UV light. Different types of collagens have different spectral features.
Spectral shape of A suggests, that sample has higher concentrations of collagen I and
other collagens. Spectral shape of p suggests, that sample has higher concentrations of
collagen II. Collagen I is found at periphery of amnnulus fibrosus or in higher
concentrations in more degenerated discs. Collagen II is found in center of the disc and
in less degenerated samples. Only one sequester (sample S10), demonstrated p shape of
spectra, but this particular sample had high concentrations of collagen II, proteoglycans
and mucinous fluid, suggesting the origin of this sequester is central part of the disc.
Shape of spectra represents qualitative composition of different collagens in disc
specimen. A spectra demonstrated higher amplitude of fluorescence than p spectra. This
phenomenon can be explained: collagen I fibers are less imbedded and covered by
proteoglycans (proteoglycans do not fluorescence). In samples of less degenerated discs,
collagen II fibers are covered with proteoglycans witch suppress fluorescence activity,
that's why p spectra has less amplitude, the shape is more inclined.

We did not determined direct dependence of spectral shape with degeneration index. At
the periphery of less degenerated disc and in center of more degenerated disc same
spectral shape can be expected: A spectra. p spectra are more characteristic for collagen
I, or central part of less degenerated discs. Only indirect signs of disc degeneration can

be determined from shape of the spectra.

Clinical part of the study: patient selection

PLDD is treatment method for sciatica, so the patient considered for the
procedure, should complain on leg pain more than back pain. For patient selection first is
the presence of a radiologically confirmed herniated disk with corresponding radicular
symptoms. Patients with severe neurologic symptoms, such as cauda equina syndrome,
severe pareses, or other conditions that require acute surgical intervention were excluded
from PLDD. Because the treatment principle of PLDD is based on the concept of the

intervertebral disc being a closed hydraulic system, only contained herniations can be
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expected to respond to reduction of intradiscal pressure. Therefore, only contained
herniations qualify for PLDD. The presence of disc extrusion or sequestered herniation is
considered to be exclusion criteria for PLDD. The amount of vaporized tissue is
relatively small, so we recommended PLDD only in cases of nerve root deviation or
contact with herniation (Fig. 9). In cases of obvious compression of nerve root, we
recommended open surgery for herniation. Although tissue heating during laser
application remains mostly confined to the water-containing nucleus pulposus,
precautions must be taken to prevent heat damage to the endplates of the adjacent
vertebrae, so we excluded patients having disc collapse greater than 50%. Patients with

suspected segmental instability, posterior stenosis, spondylolysthesis and systemic

inflammation were excluded.

Fig. 9. MRI of the patient, qualified for
PLDD. Arrow- nerve root deviation posterior
caused by contained herniation. Note: there
are no signs of obvious nerve root
compression.

Clinical part of the study: patients and methods

During the period from 2007 May to 2009 June, 20 patients have been selected to
be operated on disc herniation by means of PLDD. All patients preoperatively were
evaluated by Visual Assessment Analogue Scale (VAS) and Oswestry Disability Index
(ODI). VAS pain index preoperatively ranged from 3 to 7 points at rest (mean- 5.0
points), to 5-9 points at movement (mean-6.75 points). ODI preoperatively ranged from
20% to 60% (mean 47.5%). Preoperative MRI revealed contained disc herniation on
corresponding to clinical picture level. No signs of sequestration, posterior stenosis or
disc space collapse were evident. No patient with obvious signs of nerve root

compression was advised for PLDD. 24 PLDD procedures were performed. We used
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general sedation by midazolam 5mg injection and intravenous fentanil 0,1mg, also local
anesthesia at the site of puncture by lidocaine 5cm?, 0,5%. L4-L5 discs were punctured
by left posterolateral approach, using C-arm control, L5-S1 discs accessed by posterior
approach. Dornier 940nm. Diode laser was used for the procedure. Total amount of
energy ranged from 700-1200J (Fig. 10). We had one case of accidental dural sac
puncture with no long lasting consequences for the patient, no other complication was
observed during the procedures.

Total in hospital stay ranged from 1 to 5 days, mean duration 2 days. Follow-up
period ranges from 2 months to 27 months (mean follow-up period 12 months). Follow-
up MRI was advised on 2 month and 6 month postoperative period. Post operative

evaluation was made at 2 and 6 months.
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Fig. 10. A- Principal scheme of PLDD; B- PLDD procedure in progress

Clinical part of the study: results

14 patients (70%) experienced long lasting relief of their symptoms. At 6 month
follow-up VAS score ranged from 1 to 5 at rest (mean 1.75), at movement range was
from 1 to 7 (mean 2.6 points). Mean VAS drop was 3.25 points at resting state, and 4.15
points at movement. ODI at 6 month follow-up ranged from 2% to 48%, mean being
18.8%. Mean ODI drop was 28.7%. Follow-up MRI showed no signs of disc
sequestration or herniation tending to displace, no major change with preoperative MRI

scan was observed.
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Analysis of the results: clinical part

There is ongoing discussion about disc herniation surgery. Surgical treatment
provides faster rehabilitation and faster decrease of symptoms, but has a certain danger
of late complications. Percutaneous Laser Disc Decompression (PLDD) has been
recently accepted as effective surgical intervention on certain types of disc herniation.
Open discectomy and PLDD should not be compared as two different ways of treating
the same patient because inclusion criteria for both methods differ due to morphology of
disc herniation on MRI. Nevertheless both methods may coexist together in the same

practice.

Conclusions:

1. Method for investigating intervertebral disc spectral features was established.
Under irradiation of UV light 355nm laser, intervertebral disc matrix
demonstrates auto fluorescence. The auto fluorescence of matrix in disc
biopsies was registered at wavelengths from 370nm to 700nm. Major spectra
components are: Al- 406,9+ 2,97, A2- 431,9+ 7,63; A3- 467,5+ 5,03
(Gaussian peaks wavelengths nm., p<0,0001).

2. Auto fluorescence of intervertebral disc corresponds to substances composing
intervertebral disc. Different shapes of auto fluorescence spectra represent
biochemical structure of different collagen types in disc matrix determined by
histochemical evaluation. Biochemical structure of disc material cannot be
identified by MRI.

3. Spectral analysis can be used to determine changed biochemical content of
collagen types in degenerating intervertebral disc matrix as a signs of disc
degeneration indirectly. Diagnostic algorithm for intraoperative use can be
created.

4. Laser application can be used in treating intervertebral disc herniation in
patients with DDD. Patients having sequestration, transligamentous or

extensive subligamentous extrusion are poor candidates for laser surgery and

20



should go for open surgery; patients having moderate or mild protrusion of
intervertebral disc without obvious compression of nerve roots are good

candidates for laser surgery and should go for PLDD.

Summary:

The results indicate that auto fluorescence refers to different substances
constituting intervertebral disc. Spectral analysis can be used to determine biochemical
changes in collagen types content of intervertebral disc matrix, and signs of disc
degeneration can be identified indirectly. Spectroscopic investigation of degenerated disc
according to the shape of spectra and spectroscopy may be a new very sensitive tool in
determining different collagen types in different anatomical parts of intervertebral disc.

The results allow to conclude that besides the classical open discectomy, new
minimally invasive techniques of treating intervertebral disc emerges (Percutaneous
Laser Disc Decompression). PLDD has been recently accepted as effective surgical
intervention on certain types of disc herniations. Open discectomy and PLDD should not
be compared as two different ways of treating the same patient because inclusion criteria
for both methods differ due to morphology of disc herniation on MRI. Intervertebral disc
in laser surgery is assessed by needle, no histological specimen is taken. Incorporation of
spectral analysis in minimally invasive disc surgery is the challenge of nearest future.
Spectroscopic investigation via fiber optics through the needle could give additional
information of needle position, assuring the needle tip is directed into intervertebral disc
material.

Spectroscopic analysis of intervertebral disc removed during open surgery, creates
background for further investigation on degenerating intervertebral disc spectral features

and biochemical changes.
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Disertacijos santrauka

Ivadas:

Darbo tikslas- panaudojant lazering spinduliuote iStirti degeneracijos apimta
tarpslanksteliny diska ir paveikti tarpslankstelinio disko struktira gydant disko
18varza. Darba sudaro eksperimentiné dalis- spektroskopinis tarpslankstelinio disko
medziagos tyrimas; ir klinikiné dalis- perkutaniné lazeriné disko dekompresija. IS

Lietuvos bioetikos komiteto buvo gautas leidimas atlikti biomedicininj tyrima.

Eksperimentiné dalis:

Eksperimentin¢je darbo dalyje pritaikéme spektroskopini disko degeneracijos
vertinimo metoda, kuris galéty suteikti papildomos informacijos apie
tarpslankstelinio disko matricos biocheming struktiira. IStyréme stuburo
tarpslankstelinio disko iSvarzas, disko fragmentus, pasalintus operacijos metu, t.y.,
medziaga, kuri savo kilme ir sudétimi yra artimiausia degeneruojancio disko
struktiroms. Sios dalies darbo tikslas buvo spektroskopidkai jvertinus
tarpslankstelinio disko iSvarzos (disko audinio fragmento) matricos biocheminius
kitimus ir ju itaka disko degeneracijos procesui, gautas fluorescencines kreives
palyginti su histologinio tyrimo radiniais ir prieSoperaciniais vizualiniais tyrimais

(MRT).

Eksperimentinés dalies tyrimo tikslas:

Sio darbo eksperimentinés dalies tikslas- panaudojant lazering spinduliuote,
kaip suzadinimo S$altini, atlikti tarpslankstelinio disko bandiniy liuminescencinius
tyrimus, jvertinti gauty liuminescencijos spektry sarySi su biocheminiais kitimais
tarpslanksteliniame diske ir jvertinti §iy duomeny pritaikomuma rutininei klinikinei

praktikai.
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Eksperimentinés darbo dalies uzdaviniai:

1. sukurti metoda tarpslankstelinio disko medziagos spektroskopiniams
tyrimams;

2. iSmatuoti tarpslankstelinio disko matricos bandiniy liuminescencinius
spektrus spektrometru, charakterizuoti, iSanalizuoti ir jvertinti gautus
liuminescencinius  spektrus, biidingus visiems tarpslanksteliniams
diskams ir nustatyti spektro kitimus, priklausomus nuo biocheminés disko
matricos sudéties;

3. surinkti skirtingy lokalizacijy disko fragmenty méginiy, iStirti juos pagal
unifikuota metodika, lyginti liuminescencinius duomenis su MRT ir
histologinio tyrimo duomenimis bei jvertinti atlikty tyrimy pritaikomuma

intradiskiniy procediiry metu klinikinéje praktikoje.

Klinikiné dalis:

Klinikin¢je Sio darbo dalyje, pirma karta Lietuvoje, pritaikéme nauja
minimaliai invazyvy bida disko iSvarzos gydymui lazerio spinduliu Perkutaning
Lazering Disko Dekompresija. Atrinkome pacienty grupg, tinkama Siam gydymo
metodui, atlikome operacijas, ivertinome prieSoperacinius pokycCius ir sekéme

pooperacing ligonio buklg.

Klinikinés darbo dalies uzdaviniai:

4. sukurti kliniking baz¢ Perkutaninei Lazerinei Disko Dekompresijai
(PLDD), 1ivertinti indikacijas, kontraindikacijos §iai operacijai.

5. atrinkti ligonius, tinkamus Siai operacijai, atlikti operacijas, ivertinti
ligoniy bukle prie§ operacija ir po operacijos. [vertinti PLDD efektyvuma,
pritaikymo galimybes.
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Tyrimo privalumas ir naujumas:

Tyrime i§samiai iSnagrinéjome biocheminius, struktirinius ir histocheminius
tarpslankstelinio disko degeneracijos kitimus. Pirma karta panaudojome
spektroskopini tyrima degeneruojancio disko matricos liuminescencijos kreivéms
gauti ir biocheminiams disko matricos kitimams vertinti. Sukiiréme metoda
tarpslankstelinio disko paruoSimui ir iStyrimui Saldomuosiuose pjiiviuose. Pirma
karta nustatéme tarpslankstelinio disko autofluorescencijos spektrus, suzadinus
tarpslankstelini diska ultravioletinés Sviesos lazeriu. Atlikome gauty spektry analizg
ir juos palyginome su histocheminémis tarpslankstelinio disko matricos
charakteristikomis.

Klinikin¢je darbo dalyje pirma karta Lietuvoje atlikome lazering
tarpslankstelinio disko iSvarZos operacija, nustatéme indikacijas ir kontraindikacijas

Siai operacijai ir surinkome pacienty grupg, bei iSanalizavome gydymo rezultatus.

Ginamieji teiginiai:

1. Ultravioletiniu spinduliavimu sazadinus tarpslankstelinio disko medziaga,
sukeliama disko matricos autofluorescencija.

2. Tarpslankstelinio disko autofluorescencijos fenomenas rodo medziagas,
sudarancias tarpslankstelinio disko matrica.

3. Nustacius tarpslankstelinio disko autofluorescencijos spektrus, galima spresti
apie tarpslankstelinio disko biocheminius kitimus, budingus disko
degeneracijos procesui.

4. Ligoniai, kuriy MRT rodo nervinés Saknelés pasislinkima ar kontakta su disko
iSvarza turéty buti operuojami minimaliai invazyvine perkutanine lazerine
disko dekompresija (PLDD). Ligoniai, kuriy MRT rodo nervinés Saknelés

kompresija ar kuriy i§varza yra pratriikusi, turéty biiti operuojami atviru biidu.
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Eksperimentinio tyrimo metodikos kiirimas:

Vienas 1§ darbo uzdaviniy buvo sukurti stuburo iSvarzy paruo$imo, bei ju
autofluorescencijos spektry matavimo metodika. RuoSiant metodika reikéjo atsakyti |
svarbiausius  klausimus: kokio pavidalo bandiniai turi biti pateikiami
eksperimentams, ar bandiniy mikrotominiy pjlviy spektrai yra artimi natyviy
bandiniy spektrams, ar kinta tarpslankstelinio disko audiniy autofluorescencijos
spektrai prag¢jus laikui nuo jy paruoSimo, ir kokio dydzio mikrotominius bandiniy
pjuvius reikéty pasirinkti matavimams. Taipogi, ruoSiant metodika reikéjo parinkti
optimaly UV S$viesos Saltinj autofluorescencijai i§gauti, nustatyti spektry nuskaitymo
ir analizés parametrus.

Tarpslankstelinis diskas yra sudarytas 1§ daugybés medziagy, mes palyginome
misy gautus spektrus su standartinémis eksitacijos\emisijos-suZzadinimo/Svytéjimo
matricomis ty medziagy, kurios sudaro tarpslankstelini diska. Nustatéme, kad
kolageno I, kolageno II, kolageno VII ir elastino eksitacijos fluorescencijos spektrai
atitinka miisy iSmatuota diapazona. Remdamiesi Zinynais ir savais matavimais
(kolagenas II) nustatétme kad kolageno I, kolageno II, kolageno VII ir elastino
fluorescencija randama misy tirtoje emisijos juostoje. Misy iSmatuoti spektrai
atspindi daugelio fluorescuojanciy medziagy buvima tarpslanksteliniame diske ir ju
spektry persiklojima. Fotodiagnostiniam algoritmui svarbus spektro komponenty

patikimas statistinis skirtumas lyginamose audiniy grupése, o ne ju jvardinimas.

Eksperimentinio tyrimo metodika:

Tarpslankstelinio disko bandiniai buvo paSalinti atviros disko iSvarzos
operacijos metu. Operuojamo ligonio MRT vaizdas buvo jvertintas pagal Pfirrmann
disko degeneracijos klasifikacija ir pagal Komori disko iSvarzy gradacija. Natyvis
disko méginiai buvo Saldomi iki -20°C, pjaustomi { 20um storio pjuvius ir
paruoSiami spektroskopinei analizei per 48h po paSalinimo, gretimi pjiiviai paimami
histologiniam-histocheminiam jvertinimui. Liuminescencijos spektrai buvo iSmatuoti
diapazone nuo 340nm iki 1000nm. Zadinimo §viesos $altinis- Standa mikrolazeris

STA-01-TH 355nm. Nustatyta, kad disko matrica fluorescavo diapazone nuo
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370nm iki 700nm. Gauti duomenys saugomi kompiuteryje ir analizuoti Origin 7.0
programiniu paketu. Spektrai buvo normuojami pagal maziausia Y aSies vertg ir
skirstomi pagal Gausines dedamasias, nustatomi spektro komponentai.

Histologiskai- histochemiSkai nudazyti preparatai buvo vertinami balais pagal
Boos N. ir autoriy protokola. Protokola papildéme matricos baltymy ir kolageno
skaiduly histocheminiais kokybiniais ir pusiaukiekybiniais tyrimais, siekdami juos
susieti su spektroskopinio tyrimo fluorescentinémis kreivémis, iSrySkinan¢iomis
skirtingus disko cheminius komponentus pjuvius apSvietus lazeriu.

Statistiné duomenuy analiz¢ bei grafinis vaizdavimas atlikti taikant
kompiuterinés statistikos programa SPSS for Windows (versija 12.0). Naudota
statistikos metodine medziaga. ApskaiCiuoti normaliyjy parametry reikSmiy
vidurkiai (V) su standartiniais nuokrypiais (SN). Nominaliyjy duomeny skirtumo
statistinis reikSmingumas nustatytas pagal Chi kvadratu (y*) kriterijy, normaliyjy
kiekybiniy duomeny vidurkiy skirtumas dviem nepriklausomoms imtims — naudojant
Stjudento ¢ kriterijy, normaliyju kiekybiniu duomeny vidurkiy skirtumas trims
nepriklausomoms imtims — vienfaktoring dispersing analizg¢ ANOVA. Ranginiy
duomeny skirtumo statistinis reikSmingumas esant dviem nepriklausomoms imtims
nustatytas naudojant Mano — Vitnio - Vilkoksono (Mann-Whitney — Wilcoxon)
kriterijy, esant trims nepriklausomoms imtims - naudojant Kruskalo — Voliso
(Kruskal — Wallis) kriterijy. Pasirinktas reikSmingumo lygmuo p<0,05, kuriame

rezultatai laikyti statistiSkai patikimais.

Eksperimentinés darbo dalies tiriamoji grupé:

Tiriamosios grupés disko méginiai buvo paimti standartinés diskektomijos
operacijos metu VU greitosios pagalbos ligoninéje, neurochirurgijos skyriuje, nuo
2009 02 02 iki 2009 09 11. Méginiai suskirstyti i tris grupes pagal méginio paémimo

vieta operacijos metu. ISskirtos trys disko méginiy grupés: D- iSvarza pasalinta i$

v v

vwve

sekvestras, tiesiogiai kontaktuojantis su peridurinémis kraujagyslémis. Galutiniam

tvertinimui atrinkome 29 disko méginius, iSanalizavome 290 spektry.

27



Eksperimentinés darbo dalies rezultatai:

Maziau degeneruotoje tarpslankstelinio disko matricoje dazniausiai vyravo II
tipo kolageno skaidulos. Labiau degeneruotuose pavyzdziuose maz¢jo IlI-o tipo
kolageno fibriliy, atsirado vis daugiau I tipo kolageno skaiduly. Histocheminis
audinio pjuviy nudaZymas Pikrosirijum raudonuoju leido nustatyti ne tik disko
skirtingy kolageno skaiduly kokybini sastata, bet ir pusiaukiekybiskai jvertinti ju
pasiskirstyma audinyje (II/I/kiti). Analizuojant grupes pagal méginio paémimo vieta
nustatéeme, kad grupés skyrési pagal bendra degeneracijos indeksa D<P<S
(p=0.002). Méginiai, paimti i§ disko gilumos, turéjo maziausia degeneracijos laipsni,
laisvi sekvestrai- didZiausia. Grupés nesiskyré pagal amziy, kolageny koncentracija.
Grupés skyresi pagal Komori ind. D<P<S (p=o0,001), laisvi sekvestrai buvo toliausiai
migrav¢ nuo motininio disko. Grupés skyrési pagal proteoglikany radima D>S>P
(p<0.0001). Grupés skyrési pagal mucininiu skys¢iy radima D>S>P (p=0,001).
Méginiai 1§ disko gilumos turéjo didziausia proteoglikany ir mucininiy skysc¢iu kieki.
Grupés nesiskyré pagal Pfirrmann (MRT) degeneracijos laipsni. Magnetinis
rezonansas neatspindéjo disko i§varzos biocheminés struktiiros sandaros.
Analizuojant disko meéginiy spektrus, visi i§ meéginio gauti spektrai buvo
normuojami ir apdorojami Origin 7.0 programiniu paketu. Spektrai buvo
apdorojami panaudojant Gausines dedamasias-spektro komponentus. ApraSyti
spektrams buvo naudojamos keturios Gausinés dedamosios. Nustatyta, kad visy
meéginiy spektrams biidingos trys Gausinés dedamosios, kuriy pikai-virSiinés yra
pastovils ir jy bangos ilgis statistiSkai patikimai skirési vienas nuo kito: Al- 406,9+
2,97; A2- 431,9+ 7,63; A3- 467,5+ 5,03 (p<0,0001). Ketvirta Gausin¢ dedamoji
svyravo skirtinguose meéginiuose tiek savo amplitude tiek piko reikSme, i ja
neatsizvelgta, atliekant galutinius skai¢iavimus. Pagal spektry formos skirtumus
iSskyréme dvi spektrines grupes (A ir p), kur A grupéje pagal Gausiniy dedamyju
piko amplitude A1> A2 >A3; o u grup¢je pagal Gausiniy dedamyjuy piko amplitude
A1> A2 <A3. Analizuojant grupes pagal spektro forma nustatéme, kad grupés
skirési pagal kolageny koncentracija: kolageno I - A> p (p=0.005); kolageno II - A<<
p (p<0.0001); kity kolagenuy - A> p (p=0.002). Taigi, spektro forma atspindé¢jo
kokybini kolageny sastata disko méginyje. Spektrinés grupés nesiskyré pagal amziy

28



ir pagal bendra degeneracijos indeksa. Grupés taip pat nesiskyré pagal Komori
indeksa, pagal randama proteoglikany ir pagal mucininiy skys¢iy kiekj, pagal

Pfirrmann MRT degeneracijos laipsni.

Eksperimentinés darbo dalies rezultaty aptarimas:

Kolagenai, sudarantys tarpslankstelinio disko matrica fluorescuoja apSvietus
UV S3viesa, skirtingy kolageny fluorescencinés savybés skiriasi. Miisy nustatytas A
tipo spektras biidingas méginiams, turintiems daugiau kolageno I ir kity kolageny, p
spektras biidingas méginiams, turintiems daugiau kolageno II. Kolagenas I randamas
sveiko disko periferijoje arba degeneravusio disko centre. Kolagenas II randamas
disko centre. A spektras pasizymi didesne fluorescencijos amplitude, nei u spektras.
Si reiskinj galima bty paaiskinti tuo, kad kolageno I skaidulos yra maZiau
padengtos proteoglikanais (proteoglikanai nefluorescuoja). Maziau degeneravusiame
diske, kolageno II skaidulos gausiai padengtos proteoglikanais, kurie ,,uzmaskuoja‘“
fluorescencija, todél p spektrai yra nuoZulnesni ir maZesnés amplitudes.

Tiesioginés priklausomybés tarp spektro formos ir disko degeneracijos
indekso negauta, nes sveiko disko periferijoje ir degeneravusio disko centre tikétina
gauti toki pati- A spektra. p spektras labiau biidingas méginiams kuriuose gausu
kolageno antro- disko centras, maziau degeneraves diskas. IS spektro formos galima

tik netiesiogiai spresti apie disko degeneracija- nustacius A spektra disko centre.

Klinikinés darbo dalies pacienty atranka:

PLDD procediirai atrinkome pacientus, besiskundzian¢ius radikulopatiniu kojos

skausmu, negavusius efekto taikant konservatyvuy gydyma 2 ménesius nuo simptomuy

pradzios ir turinCius rentgenologiskai patvirtinta disko iSvarza, atitinkancia pakenktos

Saknelés lygmeni. PLDD veikimo principas pagristas slégio sumazinimu uZzdaroje

hidraulin¢je sistemoje- tarpslanksteliniame diske, tod¢l Siai procediirai tinka tik

pacientai, turintys nepratriikusias ir neatsidalinusias disko iSvarzas (disko protrizijas).

Sekvestro radimas yra kontraindikacija PLDD procediirai. Lazerio iSgarinamas disko

turis yra nedidelis, tod¢l PLDD procediroms atrenkami pacientai, kuriy magnetinio
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rezonanso tomogramoje (MRT) stebima nezZymi nervinés Saknelés kompresija, ar
nerviné Saknelés kontaktas su disko iSvarza. Kuomet MRT stebima iSreikSta nervinés
Saknelés kompresija pacientui tikslingesné atvira disko iSvarzos operacija, nes atviros
operacijos metu galima paSalinti didesnj iSvarZos tiirj. Disko tarpo susédimas >50%,
segmento nestabilumas, spondilolistezé, uzpakaliné kauliné stenozé bei buvusios

sisteminés uzdegiminés ligos taipogi yra kontraindikacijos PLDD operacijai.

Klinikinés darbo dalies ligoniy grupé:

Nuo 2007 geguzés iki 2009 birzelio mén. 20 pacienty atrinkome PLDD
operacijai. Skausmo intensyvumas prie§ operacija ivertintas pagal VAS (Visual
Assessment Analogue Scale) skale, gyvenimo kokybé ir nejgalumo laipsnis - pagal
ODI (Oswestry Disability Index) klausimyna. VAS skausmo indeksas prie$ operacija
svyravo nuo 3 iki 7 baly ramybés biisenoje (vid. - 5.0), judesio metu - nuo 5 iki 9
baly (vid.-6.75). ODI nejgalumo indeksas svyravo nuo 20% iki 60% (vid. 47.5%).
Atlikome 24 PLDD operacijas, naudojant vieting nejautra ir rentgenoskopo kontrolg.

Pooperacinij jvertinima atlikome po 2 ir 6 mén. po operacijos.

Klinikinés darbo dalies rezultatai:

Geras, ilgai trunkantis, efektas stebétas 14 pacienty (70%). Po 6mén. - VAS
ramybe¢je svyravo nuo 1 iki 5 (vid.1,75), judesio metu nuo 1 iki 7 baly (vid.2,6).
Vidutinis VAS kritimas: ramybéje- 3.25;  judesio metu- 4.15. ODI po 6mén.
svyravo nuo 2% iki 48% (vid.ODI-18.8%); vidutinis ODI kritimas- 28.7%.

Klinikinés darbo dalies rezultaty aptarimas:

Kriterijai disko iSvarZos chirurginiam gydymui néra galutinai nustatyti,
tebevyksta diskusija apie chirurginio gydymo privalumus ir trilkumus. Disko
iSvarzos chirurginis gydymas sukelia greitesni simptomy regresa, leidzia greitesng
reabilitacija ir greitesn] darbingumo atstatyma, bet sudaro tam tikra vélyvy

komplikacijy rizika. Perkutaniné Lazerin¢ Disko Dekompresija (PLDD) pastaruoju
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metu pripazystama, kaip efektyvus, minimaliai invazyvus, chirurginis disko i§varzos

gydymo bidas, taikytinas kai kurioms disko iSvarzoms. Atvira disko iSvarZos

operacija (mikrodiskektomija) ir PLDD neturéty biiti vertinami kaip du alternatyvis

metodai gydant ta pati pacienta, nes itraukimo kriterijai PLDD ir atvirai operacijai

skiriasi. Gydymo metodo pasirinkima nulemia iSvarzos struktiira ir anatoming

lokalizacija, nustatoma MRT tyrimu. Abu metodai tiréty biti prieinami ir gyvuoti

greta ligoninése, kur operuojami ligoniai su stuburo patologija.

ISvados:

1.

Sukiiréeme metoda tarpslankstelinio disko spektroskopiniams tyrimams.
Tarpslankstelinio disko matricos fluorescencija sukeliama, suzadinus ji
355nm bangos ilgio UV lazerio Sviesa. Disko matricos fluorescencija
registruojama bangos ilgiuose nuo 370 - 700nm. Pagrindiniai spektro
komponentai yra Al- 4069+ 2,97; A2- 4319+ 7,63; A3- 4675+
5,03 (Gausinio komponento piky padétis nm., p<0,0001).
Tarpslankstelinio disko autofluorescencijos fenomenas rodo medziagas,
sudarancias tarpslankstelinio disko matrica. Skirtingos fluorescencinio
spektro formos, atspindi skirtinga disky matricy biocheminj kolagenu
sastata ir jo kitimus degeneruojant diskui, kurie nebtinai atitinka MRT
vaizda.

Pagal spektro forma galima spresti apie kolageny sastata disko méginyje,
biocheminiai kitimai tarpslanksteliniame diske gali buti identifikuoti
taikant  spektring  analize. = Pagal  kolageny sastato  kitima
tarpslanksteliniame diske, galima netiesiogiai spresti apie disko
degeneracijos procesa, galima sukurti diagnostini algoritma diagnostikai
operacijos metu.

Lazeris gali biiti naudojamas disko iSvarzy gydyme. Ligoniai, turintys
disko sekvestra, pratriukusia disko iSvarza ar masyvia subligamenting
disko iSvarza, turéty biiti operuojami atvira operacija; ligoniai, turintys

nepratritkusia disko iSvarza, nesukeliancia Zymios nervinés Saknelés
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kompresijos, turéty biiti operuojami minimaliai invazyvine tausojamaja

perkutanine lazerine disko dekompresija.

Apibendrinimas:

Rezultatai rodo, kad autofluorescencija rodo skirtingas medziagas sudarancias
tarpslanksteliny diska. Spektriné analizé gali nustatyti disko biocheminés struktiiros
kitimus, taipogi, leidZia netiesiogiai spresti apie disko degeneracijos procesa. Pagal
spektro forma galima nustatyti skirtingas kolageny rasis, todel spektring analizeé
galéty nustatyti skirtingas anatomines disko vietas.

Salia klasikinés disko i¥varzos operacijos, atsiranda nauju minimaliai
invazyviy disko iSvarzos gydymo biidy. Perkutaniné Lazeriné Disko Dekompresija
(PLDD) pastaruoju metu pripazistama, kaip efektyvus, minimaliai invazyvus,
chirurginis disko iSvarzos gydymo bidas, taikytinas kai kurioms disko i§varzoms.
Atvira disko 1§varzos operacija (mikrodiskektomija) ir PLDD neturéty biiti vertinami
kaip du alternatyviis metodai gydyti ta pati pacienta, nes itraukimo kriterijai PLDD ir
atvirai operacijai skiriasi. Gydymo metodo pasirinkima lemia i§varzos morfologija,
nustatoma MRT tyrimu. Lazerinés operacijos metu tarpslankstelinis diskas
pasiekiamas per adata, histologinio tyrimo paimti negalima. Spektroskopinis
iStyrimas atliktas per Sviesolaidi adatoje, ivestoje i tarpslankstelini diska, galéty
suteikti papildomos informacijos apie adatos padét; ir uztikrinti, kad adatos galas
nukreiptas i tarpslankstelinio disko substancija.

Pasalinty tarpslankstelinio disko méginiy spektrinis tyrimas sudaro pagrinda

tolimesniems degeneruojancio disko biocheminiams ir spektriniams tyrimames.
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