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Abstract. We present the results of basic research in laser modifi-
cation of tissues in otolaryngology (correcting the shape of nasal
septum and larynx cartilages), cosmetology (correcting ear and
nose shape), orthopaedics and spinal surgery (treatment of diseases
of spine disc and joints). The physical processes and mechanisms of
laser-induced relaxation of stresses and regeneration of tissues are
considered. New results of studies in this fast-developing field of
laser surgery are presented, in particular, the results of laser cor-
rection of costal cartilage shape in the process of making implants
for the treatment of larynx stenosis and controlled regeneration of
the hyaline articular cartilage.

Keywords: laser, optoacoustics, cartilage, intervertebral disc,
arthritis, laser regeneration, laser relaxation of stresses.

1. Introduction

The first and most widespread applications of lasers in sur-
gery are related to laser ablation and coagulation of tissues
[1]. The nondestructing modification of the tissue structure
is a relatively new branch of medical physics and begins to
be used for the treatment of widespread diseases, such as
the nasal septum deviation, the intervertebral disc injury and
the osteoarthritis. The laser method of cartilage shape correc-
tion is free of the drawbacks of the traditional surgical opera-
tion and can be used for the treatment of trachea and larynx
stenosis, for correcting the shape of the ear auricle and nose
wings.

The process of laser-induced stress relaxation leads to the
controlled modification of the cartilage shape. For wide
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application of this method in the clinical practice, particu-
larly, for making cartilage implants, it is necessary to carry
out the studies aimed at the determination of optimal regimes
of laser irradiation of the cartilages, ensuring the long-term
stability of the new shape and preventing the undesired dam-
age of the intercellular matrix. It is also necessary to develop
reliable methods of control and diagnostics, as well as experi-
mental instrumentation for controlling the processes of laser
modification of the cartilage shape.

More than 70% of the Earth adult population suffer from
the diseases of the spine disc cartilages [2]. The traditional
methods, both therapeutic and surgical, are aimed mainly at
the elimination of the acute symptoms of the disease or at the
replacement of a destructed intervertebral disc [3]. At present,
the laser reconstruction of the intervertebral discs is success-
fully used in clinical practice [4, 5]. The application of the
laser regeneration technology to the articular cartilage is an
urgent problem. In spite of the intense development of new
conservative and surgical methods of arthritis and arthrosis
treatment, this social problem is far from the final solution
[6]. In particular, it is known that the large surface defects of
the articular cartilage caused by a trauma never heal over by
themselves. The degenerative injuries of the articular cartilage
(osteoarthrosis) are even more widespread and intractable.
The major difficulty in solving this problem is related to the
low level of metabolism in the mature cartilage tissue and the
low proliferation activity of chondrocytes. However, the
number of efficient methods providing the slowing-down of
the degenerative process or the restoration of the cartilage
structures lost in the course of pathological process is still
small. The most promising approaches in this field are the
genic therapy, the introduction of growth factors into the
injured tissue, the transplantation of autological chondro-
cytes or mesenchymal stem cells, as well as the combination of
the latter with bioactive scaffolds [7, 8].

One of the results of the studies of laser thermoplastics of
the ear cartilage is the discovery of laser-induced tissue regen-
eration processes under moderate laser heating [9]. It was
found that the laser impact leads to the proliferation of chon-
drocytes, regeneration and growth of the hyaline-type carti-
lage. As a result of interdisciplinary studies, the new approach
was proposed, namely, the controlled modification of the fine
structure and the stress field in tissues by means of the nonde-
structing laser irradiation that allows the cartilage shape to be
corrected and induces the reparative response of the injured
or degraded tissue [10].

In the present paper, we consider the physical and chemi-
cal processes underlying a number of novel laser applications
in medicine, namely, in otolaryngology (correcting the shape
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of nasal septum and larynx cartilages [11—14]), cosmetology
(correcting ear and nose shape [13, 15, 16]), orthopaedics and
spinal surgery (treatment of diseases of spine disc and joints
[17-19)).

2. Laser impact on the cartilage mechanical
properties

The results of the study of the cartilage tissue mechanical
properties demonstrate the following.

1. Under the laser heating of a cartilage to 70 °C, a short-
term decrease in the elasticity modulus occurs, which makes
it possible to change the shape of the cartilage sample [20].
After the cartilage cooling and the restoration of the initial
content of water, the mechanical properties of the cartilage
tissue restore to the initial condition [21]. Thus, the process
of laser deformation of cartilage does not worsen its strength
properties.

2. The temperature dependence of the internal friction
under the laser heating and oscillations of the cartilage plate
has a maximum near 70 °C, the magnitude and the position of
the maximum agreeing well with the appropriate parameters
of the phase transition of the cartilage water from the ‘bound’
state into the ‘free’ one [22].

The pulsed or repetitively pulsed laser heating of cartilage
causes the formation of an acoustic wave [opto-acoustic (OA)
effect], which propagates through the cartilage tissue and can
be detected by means of acoustic detectors both in the domain
of laser impact and beyond this domain. By detecting the OA
signal one can obtain important information about the condi-
tion and properties of the tissue (e.g., the presence of a certain
pathology), as well as about the processes of the tissue inter-
action with the laser radiation. The OA diagnostics of the car-
tilage tissue under the laser heating was carried out with the
purpose of creating a control system with feedback, required
for precise dosing of laser radiation in the process of achiev-
ing the necessary conditions for irreversible relaxation of
stresses in the cartilage [23]. Under laser irradiation of carti-
lage, the amplitude and the phase of the OA signal change
with increasing temperature. Simultaneously, the damping of
the signal increases. The character of the acoustic response
also changes and becomes exponential at the end of irradia-
tion, when the transition from the elastic state to the plastic
one occurs. The signal shape of an individual OA response
reflects the specific features of thermoelastic relaxation of
stresses in the near-surface layer having thickness ~1/a (@ is
the effective absorption coefficient of the cartilage tissue at
the wavelength of laser radiation).

3. Optical processes in the cartilage under
the laser impact

The change in the internal structure and the mechanical prop-
erties of a tissue is accompanied by the change in its optical
properties. To study these changes we performed the experi-
ments, in which the cartilage of the nasal septum was mechan-
ically bent, and the region of maximal stress was irradiated by
a holmium laser with a wavelength of 2.09 um [24]. In the
process of irradiation, the temperature was measured inside
the cartilage plate, as well as the dynamics of mechanical
properties and the coefficient of the laser radiation transmis-
sion. The relaxation of stresses began when the temperature
reached 70 °C. In this case, the intensity of transmitted radia-
tion became minimal.

The experiments on measuring the intensity of light
backscattered by the laser-irradiated cartilage demonstrated
direct correlation of the stress relaxation processes (or carti-
lage shape change) with the light backscattering. The peak
of the integral intensity of the backscattered probe radiation
coincided in time with the beginning of stress relaxation.
The measurement data for the spatial distribution of the
scattered laser radiation intensity, passed through the sam-
ple, were used to study the dynamics of the tissue structural
changes in the process of laser irradiation. This approach
allowed the experimental determination of the denaturation
thresholds for the cartilage tissue and the cornea as func-
tions of the laser radiation wavelength. Using the light scat-
tering method, the energy thresholds of the structural
changes under the heating of cartilage by free-electron laser
radiation having a wavelength varied in the range from 2.2
to 8.5 um [25] were determined. In the experiment using a
multichannel analyser, the angular distributions of the diode
laser radiation intensity (A = 630 nm) passed through the
1.3-mm-thick samples of nasal septum cartilage of a pig,
heated by the radiation from a free-electron laser, were
recorded. Using the method of IR Fourier spectroscopy the
kinetics of water thermodiffusion in cartilage was studied in
detail [26].

The time dependence of light scattering in the cartilage of
a nasal septum and eye cornea were determined in order to
estimate the kinetics of structural changes as a function of the
wavelength and energy density of laser radiation [27]. The
results show that the threshold of the structural changes for
the cornea is slightly lower than for the cartilage, but depends
on the wavelengths for both tissues. The threshold value of
the structural changes is inversely proportional to the absorp-
tion coefficient for many wavelengths; however, for the
absorption lines of water near A = 3 and 6 um (for which the
absorption coefficient is too high) the threshold of structural
changes is determined by the tissue heating kinetics.

To monitor the dynamics of the visible radiation scatter-
ing in the process of laser heating of the tissue of the interver-
tebral disc (IVD) nucleus pulposus, the optical scheme with a
single fibre was chosen, which allows the delivery of both the
working and the probe laser radiation into the tissue through
the created channel [17]. For performing experiments, a mul-
tifunctional optical adapter was designed and fabricated,
using which the probe radiation is delivered into the zone of
laser heating of the tissue, and the diagnostic radiation (DR)
is collected and transported to the detector. The IVD was
irradiated through an optical fibre by a repetitively pulsed
erbium laser. As a probe, the radiation of a laser diode with a
wavelength of 532 nm was exploited.

For some combinations of the tissue condition (in particu-
lar, in the presence of degenerative changes) and the heating
conditions, gas bubbles formed in the tissue in the course of
laser heating can merge into a larger bubble with the size com-
parable with the optical fibre diameter. In the case of periodic
heating and cooling the bubble smoothly changes its size, giv-
ing rise to the characteristic variation of the DR signal, prac-
tically repeating the behaviour of the temperature curve
(Fig. 1). The appearance of such a bubble in the clinical con-
ditions can lead to undesired consequences, in particular, to
the change in the specified temperature regime of the laser
procedure. The studies of backscattering dynamics in the
nucleus pulposus under laser heating, performed using a sin-
gle-fibre optical scheme, have shown the possibility of moni-
toring the tissue condition in the zone of action.
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Figure 1. (/) Time dependences of the DR intensity, reflected from the
walls of a gas bubble and (2) difference 7 between the maximal tem-
perature and the initial one. The irradiation conditions were as follows:
the radiation wavelength 1.56 um, the power 1 W, the pulse duration 1
s, the pulse repetition rate 0.5 Hz, the fibre diameter 600 nm.

4. Thermal processes in a cartilage
under the laser impact

For theoretical modelling of the stress relaxation process in
the laser-irradiated cartilage tissue, a few theoretical models
have been proposed [9, 28, 29]: the models describing the tem-
perature field in the cartilage under conditions close to the
real procedure of laser correction of the nasal septum shape,
with allowance for the multilayer structure comprising the
cartilage, the mucous tunic, the sapphire tip of the special
contactor instrument, at the face of which two thermocouples
are mounted at the place of contact with the tissue; the model
of thermal stresses in the cartilage tissue; and the model
describing the dynamics of stress relaxation as a diffusion-
limited process of relative displacement of the structural com-
ponents of the cartilage matrix.

The calculations of the temperature profile allow the fol-
lowing conclusions:

1. The maximal temperature 77, is reached in the depth of
the cartilage at some distance /4 from the surface rather than
on the irradiated surface itself (Fig. 2). This is due to the heat
losses at the irradiated surface, caused by water evaporation
(in model experiments without the contactor) and with the
heat outflow into the sapphire tip of the contactor in the situ-
ation of a real operation of laser correction of the nasal sep-
tum shape. That is why the control of the process of the tissue
laser heating by measuring the surface temperature alone can-
not provide adequate information about the heating level and
the structural changes in the volume of the cartilage.

2. The power, exposure time and spatial distribution of
the laser radiation intensity are the basic parameters affecting
the relation between the temperature Ty, measured by the
thermocouple, the maximal temperature 7, characterising
the heating efficiency and the temperature 7, in the centre of
the irradiated spot. The latter ensures the absence of damage
of the nasal septum mucous tunic, i.e., the safety of the proce-
dure.

An important result of the theoretical modelling of the
thermal stresses that arise under the laser impact is the possi-
bility to predict the conditions of their relaxation. For the
first time it was shown that the conditions of plastic deforma-
tion in cartilage tissues correspond to the Mises criterion
known in material science, and the temperatures 65°C-75°C

Laser radiation

Figure 2. Characteristic temperature distribution under laser irradia-
tion of cartilage; r, is the radius of the sapphire contactor tip, T} is the
initial temperature.

of stress relaxation calculated using this criterion are in good
agreement with the experimentally found temperatures, at
which the plastic relaxation of the cartilage tissue begins [9].

5. Mechanisms of the controlled shape change
in the cartilage tissue

It was proved that the main mechanism (or, at least, the first
stage) of the laser-induced stress relaxation in cartilages is the
transition of water from the bound state into the free one
[20, 28, 30], accompanied by the following processes:

1. The local mineralisation of the biological tissue at the
expense of neutralisation of anion groups of proteoglycans by
the Na* and Ca™ ions without any changes in the structure of
collagen and proteoglycans [20]. It was shown that an increase
in the local NaCl and CaCOj; concentration accelerates the
process of mechanical stress relaxation in the cartilage [31].

I1. The local depolymerisation of proteoglycan aggregates
under the short-time laser heating to 70°C followed by the
formation of new proteoglycan structure in the cartilage
matrix [20, 28].

II1. The short-time rupture of the bonds between the col-
lagen and proteoglycan subsystems leading to a decrease in
stresses in the cartilage and some changes in the spatial struc-
ture of proteoglycans [32]. The experimental results can be
explained by the existence of relatively solid regions (domains)
separated by weaker interfacial layers in the cartilage matrix.
The destruction (melting) of these layers makes the domains
mobile with respect to each other. This mechanism is related
to small energy expenditures and cannot provide the long-
term stability of the cartilage shape.

IV. The formation of micropores in the cartilage matrix.
The pore formation and the related formation of new inter-
faces between phases is one of the known stress relaxation
mechanisms in crystalline materials. In the papers devoted to
the laser impact on biological tissues this mechanism was first
detected in the process of cartilage laser irradiation [9, 33].
The experimental data on the formation of micropores in the
cartilage matrix were obtained using atomic force micros-
copy, optical coherence tomography and structured illumina-
tion microscopy [20, 28, 33, 34]. The mean size of the pores
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observed in a healthy articular cartilage amounts to 12—15nm
[20], and the laser impact allows the width of the size distribu-
tion of pores to be measured from 50 to 300 nm [33].

V. The polygonisation, i.e., the structural change in the
chondrone organisation under the nondestructing laser action
[32]. The alignment of chondrones leads to the reduction of
the elastic energy of the system and can be implemented under
the moderate tissue heating without denaturation of the carti-
lage matrix.

VI. The new mechanism of stress relaxation, namely, the
formation of stable gas bubbles that hamper the process of
returning the polarised water molecules, removed by the laser
heating, to their initial positions and stabilise the cartilage
shape, changed by the mechanical deformation [33].

6. Role of mechanical stresses

Under the laser impact on biological tissues, the mechanical
effects can play an essential role in both the destruction and
the regeneration processes. It is known that the cells of a bio-
logical tissue are sensitive to the external mechanical pres-
sures: the mechanical stresses in some range of their ampli-
tudes facilitate the activation of regenerative processes, and
the greater stresses lead to the deceleration of cell activity and
cell death [35]. As to the process of laser-stimulated regenera-
tion of biological tissues, for which it is important to provide
the specified regime of repetitively pulsed heating and
mechanical stress, the problem of pressure determination is of
primary importance for the monitoring and optimisation of
the laser impact.

In Refs [17, 23] the OA method was applied to the pres-
sure recording in the acoustic wave arising under the interac-
tion of laser pulses with the irradiated medium. The study of
acoustic waves was carried out in hydrogels (close to tissues in
their mechanical properties) placed in a closed volume and
compressed between two glass plates. In the process of irra-
diation, the temperature and the acoustic signal were
recorded. Figure 3 presents the results of measuring the pres-
sure in the hydrogel heated by repetitively pulsed radiation of
the erbium-doped fibre laser. It is seen that the steady-state
regime of stabilised pressure oscillations is implemented after
the action of a few laser pulses.
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Figure 3. Time dependence of the pressure p in the hydrogel in the pro-
cess of pulsed laser heating.

To determine the region of the acoustic wave localisation
and the pressure distribution, the compression of the medium
was visualised using a shadow camera (Fig. 4). The frame-by-
frame shadowgraphs indicated the presence of gas bubbles
and the localisation of the pressure wave inside the region of
the radiation absorption rather than its propagation far
beyond the laser beam.

Figure 4. Shadowgraph of the laser impact on the tissue-like hydrogel.

7. Mechanisms of laser regeneration
of biological tissues

Regeneration is a natural response of biological tissues of liv-
ing organisms to practically any external damaging impact.
However, the rate of the reparative processes and the type of
the produced tissue depend on the characteristics of the exter-
nal action. Two types of regeneration are distinguished. The
substitutional regeneration (the replacement of the tissue or
organ defect with the connective tissue, often accompanied
with fibrous scar formation) is a quick response of the system
to a sufficiently strong external impact, and the cellular one
(based on the proliferation of the existing cells) is a relatively
slow process leading to the growth of highly organised tissue.

It is known that the chondrocytes are sensitive to the
external conditions, particularly, the temperature and the
mechanical stress [35]. The laser radiation modulated in space
and time causes the repetitively pulsed heating, leading to the
nonuniform thermal expansion and the formation of a pulsed
nonuniform mechanical stress field, which can actively affect
the function of chondrocytes, facilitating their proliferation
and biosynthetic activity.

In Refs [33, 36] the formation of pores smaller than 1 pm
in the immediate vicinity of the hyaline cartilage cells after the
nonablative impact of laser radiation was demonstrated for
the first time. In this case, no significant structural changes in
the cartilage tissue were observed. The micro- and nanopores
formed in the cartilage play an important role in the improve-
ment of its nutrition and the stimulation of regeneration pro-
cess after the laser impact.

8. Cartilage implant fabrication
for the treatment of larynx stenosis

The potentialities of laser correction of the cartilage shape are
not exhausted by the technologies of correcting the shape of
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nasal septum and auricle. The larynx stenosis is a hard disease
related to the breath and nutrition malfunction because of the
larynx cartilage injury and the formation of scaring zone in
this region [37]. As a rule, the stenosis development leads to
the partial removal of the trachea and the necessity of closing
the resulting defect with an implant. The installation of an
implant made of artificial material is related to the essential
risk of the disease recurrence in the tissue regions adjacent to
the implant. At the same time, due to the particular geometry
of the larynx cartilage that has the shape of a semiring with
the radius depending on the specific physiological features of
each individual patient, the choice of a suitable donor implant
is difficult. Making the cartilage implants by mere cutting a
sample of the required shape from the available donor carti-
lage material is also not very promising because of a signifi-
cant risk of residual stresses left in such an implant, which can
lead to poor predictability of its behaviour after the implanta-
tion into the trachea.

A new technology of larynx and trachea stenosis treat-
ment was proposed, based on using implants in the form of
the plates of costal cartilage preliminarily shaped as semirings
by laser processing [14]. It was shown that the shape of the
costal cartilage could be modified using lasers the wavelengths
0.98, 1.56 and 1.68 um depending on the thickness of the used
sample [14, 38]. The fabrication of implants about 3 mm thick
for closing the trachea defect was implemented using the
erbium-doped fibre laser (A = 1.56 um) equipped with a con-
tactor having the sapphire tip 3 mm in diameter. The proce-
dure included the preliminary fixation of cartilage plates
using the special ring-shaped holders, the laser irradiation
and the immersion into the physiologic medium until they
acquire the stable bended shape (Fig. 5).

D AR NN WAL s
§ w -

~ -
4

et A -~
—— /
b

Figure 5. (a) Ring-shaped holder of the costal cartilage in the process of
its shape modification under the impact of the laser contactor and (b)
the costal cartilage of a rabbit before (top) and after (bottom) the laser-
induced shape change.

The optimal regimes of the laser impact were found that
allow the achievement of the required curvature of the costal
cartilage without essential violation of its structure. The
safety control of the used regimes was implemented using the
differential scanning calorimetry and detecting the degree of
collagen destruction in the cartilage, which appeared to be
within the measurement error under the chosen regimes of the
laser action [14]. The stability of the cartilages implanted to
rabbits was studied during three months. It was shown that
under the conditions of the physiological medium the new
shape of the cartilage is stable and does not undergo any
changes with time. In the present paper, the effect of nonlin-
earity of thermomechanical properties of the cartilage tissue
was revealed, which consists in the different degree of carti-

lage plate curvature change under its double-side sequential
irradiation. When first the inner surface and then the outer
surface of the cartilage semiring was irradiated, the resulting
curvature radius always appeared smaller than for the irradi-
ation in the inverse order. This property of the cartilage tissue
should be taken into account in the planning of geometrical
parameters of laser-modified implants. The first operation of
the trachea defect closing with a laser-modified cartilage
auto-implant was performed in the Clinic of ENT diseases at
the M.I. Sechenov First Moscow State Medical University
and demonstrated the stable positive result.

9. Laser regeneration in orthopaedics

9.1. Measurement of cartilage electric conductivity

The studies of the electric conductivity of the IVD nucleus
pulposus under the thermomechanical impact of repetitively
pulsed radiation were performed using the erbium-doped fibre
laser with a radiation wavelength of 1.56 um [39]. The measure-
ments of the tissue conductivity kinetics were carried out at the
alternative-current frequency of 100 Hz by means of electrodes,
coaxial with the optical fibre delivering the laser radiation to
the irradiated tissue. To visualise the structural changes occur-
ring in the tissue under laser irradiation simultaneously with
the measurement of electric conductivity, the digital video
recording using the shadow method was also performed. The
measurements of the IVD tissue conductivity under the repet-
itively pulsed laser impact have shown that depending on the
exposure duration both reversible and irreversible changes in
the electric conductivity can occur in the tissue.

The displacement of the tissue with respect to the inter-
electrode gap causes the redistribution of free ions of the
interstitial fluid and increases the contribution of these ions
into the tissue conductivity. Moreover, the tissue denatur-
ation can give rise to the additional contribution of the bound
counter-ions into its conductivity. All these factors increase
the conductivity in the domain of the laser action [39]. The
cyclic displacements of the tissue modulate the magnitude of
the conduction current in the interelectrode gap, which can be
used as an indicator of the tissue mechanical condition. The
dynamics of the tissue mechanical vibrations is determined by
the variation of the current amplitude, and the concentration
of the conductivity ions in the coagulation bag depends on its
mean value.

The purposeful study of nonablative laser effect on the
rabbit IVD revealed irradiation regimes that induce clearly
expressed regeneration processes, namely, the proliferation of
the chondrocytes of the annulus fibrosis and the nucleus pulp-
osus, as well as the metaplasia of the inner layers of this annu-
lus fibrosis and the damaged nucleus into the transit fibrous-
hyaline or typically hyaline cartilage. The controlled nonabla-
tive laser action allows the restoration of the natural ability of
the cartilage to regenerate. By means of the optical, thermal
and mechanical effect of laser radiation, the cartilage cells are
activated. This allows the growth of the hyaline cartilage in
the destroyed IVD [40].

9.2. Modelling the diseases of the articular cartilage
and subsequent laser regeneration

In the in vivo experiments simulating the regenerative pro-
cesses in a damaged articular cartilage, the regimes of laser
irradiation were chosen to provide a thermomechanical
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impact on the tissue. For irradiation we used a semiconductor
laser with a radiation wavelength of 1.45 um (the absorption
depth in the cartilages amounting to 0.4 mm). This wave-
length was chosen to eliminate a noticeable laser effect on the
bone tissue underlying the articular cartilage and to avoid the
reparative process triggering, related to the activation of the
bone and marrow cells. In the process of laser action the tem-
perature variation, monitored using a thermal imager, did not
exceed 10°C. The spatial inhomogeneity of the intensity dis-
tribution of the laser radiation produced the temperature gra-
dients of the order of 100°C cm™', and its temporal modula-
tion gave rise to the thermomechanical effect with the fre-
quency 0.5—1.0 Hz. In two months after the laser procedure
the irradiated samples of the tissue and the control ones were
subjected to the histological investigation. The results have
shown that the laser-induced regeneration of the cartilage tis-
sue surface defects occurs at the expense of the cells of the
cartilage itself rather than the cells of the bone tissue, marrow,
or fibroblasts present in the synovial fluid. The size of the vis-
ible defect is reduced due to its filling with the regenerated
cartilage tissue from the edges towards the centre. It is impor-
tant to note that the regeneration of the surface defect is
implemented via the growth of the hyaline cartilage. The
results of laser regeneration of the articular cartilages in ani-
mals have shown the promising potentialities of applying the
nondestructing laser radiation, modulated in space and time,
for the treatment of traumatic defects and degenerative dis-
eases of the articular cartilage.

Figure 6. (a) Defect of the femoral condyle of the 3rd degree (according
to the international classification) having the size 11.0—11.5 mm and (b)
the same joint after laser irradiation. The cartilage surface became
smoother, an increase in its thickness by 1 -2 mm is observed.

Later the described technology was successfully applied to
the treatment of human joints. The irradiation of degenera-
tive knee joints of the patients aged from 35 to 72 was per-
formed with the laser radiation having a wavelength of
1.56 um. The magnetic resonance tomography of the joints
was carried out before the laser impact and in six months after
it (Fig. 6). For the studied group of patients the results of the
study have shown the regeneration of the cartilage tissue by
1-2 mm on average during the observation time. For 90% of
the patients the results have demonstrated essential reduction
of the pain syndrome and improved functionality of the joint.

10. Conclusions

A new branch of medical physics, laser modification of carti-
lages, is developed. The experimental studies of physical, chem-

ical and biological processes that occur under the laser change
in the cartilage shape and laser regeneration of the articular
cartilages are carried out. The region of optimal regimes of the
laser impact is determined. The physical grounds of the new
medical technology of correcting the cartilage shape in the pro-
cess of implant manufacturing are developed, the indications
and contraindications for their application in otolaryngology
are determined. The physical and chemical grounds of the laser
regeneration of cartilage tissues are developed, the growth of
hyaline cartilage as a result of the nondestructing laser radia-
tion is demonstrated and explained. The prospects of applica-
tion of laser regeneration in the orthopaedics are shown.
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