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Abstract.  The optical quality of the eye cornea surface after per-
forming the laser vision correction essentially depends on the char-
acteristic roughness scale (CRS) of the ablated surface, which is 
mainly determined by the absorption coefficient of the cornea at the 
laser wavelength. Thus, in the case of using an excimer ArF laser (l 
= 193 nm) the absorption coefficient is equal to 39000 cm–1, the 
darkening by the dissociation products takes place, and the depth of 
the roughness relief can be as large as 0.23 mm. Under irradiation 
with the Er : YAG laser (l = 2940 nm) the clearing is observed due 
to the rupture of hydrogen bonds in water, and the relief depth 
exceeds 1 mm. It is shown that the process of reepithelization that 
occurs after performing the laser vision correction leads to the 
improvement of the optical quality of the cornea surface.

Keywords: eye cornea, medium darkening due to photochemical 
reaction, laser ablation, characteristic roughness size, effect of UV 
radiation, effect of IR radiation.

1. Introduction

The laser refractive surgery is intended to remove the abnor-
malities of vision  refraction of a patient and  to achieve  the 
level of improvement, exceeding that provided by glasses or 
contact lens corrections. The correction of refraction abnor-
malities consists in the formation of the front surface of the 
eye cornea by means of laser ablation. The clinical observa-
tions after performing the laser ablation of the eye cornea, as 
well as the data of experimental studies, show that the con-
trast sensitivity of vision, particularly under the twilight and 
night conditions, appears to be lower than it was before the 
operation in a patient using glasses. We suppose that one of 
the possible reasons of the contrast sensitivity loss can be the 
forward  light  scattering at  the  rough  interface between  two 
media  with  different  refractive  indices.  In  Ref.  [1]  it  was 
shown  that  in  order  to  save  the  contrast  visual  acuity  the 
roughness depth in the ablation zone should be significantly 
less than 3 – 4 mm.

According  to  the  theoretical models describing  the  laser 
ablation of biomaterials, the biological macromolecules dis-
sociate, producing fragments of micro- and nanometre size. 
This  process  can  be  induced  by  photochemical  reactions, 
mechanical stresses and the increased temperature that arise 

in the material under the action of laser pulses. The ablation 
process may be characterised by the achievable spatial resolu-
tion dp,  i.e.,  the  size of  the minimal biotissue  fragment  that 
can  be  removed  in  the  process  of  laser  ablation  using  the 
extreme delta-shaped profile of the exciting laser radiation. In 
the present paper it is shown that dp has the similar order of 
magnitude  in  the  longitudinal  and  transverse  directions. 
Therefore,  the  value  of  the  effective  absorption  coefficient 
that determines the size dp  in these directions appears  to be 
important. In fact, dp is the characteristic scale of the rough-
ness  that  arises  at  the  surface  of  the  eye  cornea  after  laser 
ablation. In the present paper we analyse the dependence of 
dp on the laser radiation wavelength. 

During the cornea healing after the performed laser cor-
rection  the  regeneration  of  the  epithelium  removed  in  the 
course  of  operation  occurs.  In  this  process  the  surface  of 
newly formed epithelial layer is partially smoothed (this pro-
cess  is  theoretically  considered  in  Ref.  [2])  and  the  optical 
quality of the interface between the epithelium and the lacri-
mal  film  is  improved. We use  a  simplified  one-dimensional 
mathematical model of reepithelization (based on the theory, 
described in Ref. [2]) of the post-operation rough surface of the 
eye cornea stroma, assuming that the local epithelium thickness 
under the equilibrium conditions depends on the slope of the 
surface, on which the epithelium grows. The one-dimensional 
approximation allowed us  to  solve  the differential  equation 
describing the reepithelization process by quadratures.

2. Absorption spectrum of eye cornea

The eye cornea consists of collagen (type II) and water in the 
proportion 22 : 78 [3].

It  is  known  that  a  sharp  increase  in  absorption  of UV 
radiation by water begins from the vacuum ultraviolet wave-
lengths (l < 170 – 180 nm) (see, e.g., [4]). This range of wave-
lengths is not used in biomedical applications. In the region of 
wavelengths l ³ 190 – 200 nm of the UV range, absorption is 
mainly  caused by  the organic  component of  the  cornea. At 
these wavelengths, absorption by water is inessential and can 
be neglected. The initial absorption coefficient of the cornea 
weakly changes within the range of wavelengths 190 – 210 nm 
and decreases by nearly an order of magnitude at l > 240 nm. 
Therefore, among UV lasers the ones practically used for the 
vision correction are the excimer ArF laser (l = 193 nm) and 
the 5th harmonic of the Nd : YAG laser (l = 213 nm) [5].

In the near IR range, absorption of light by the eye cornea 
is  determined  by  the  absorption  spectrum of water with  the 
maximum at 3 mm [6], which is related to the valence vibrations 
of the O – H groups. Figure 1 presents the absorption spectrum 
of the eye cornea in the UV and IR regions of the spectrum. 
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According  to  review  [7],  the dependence of  the ablation 
depth on the energy density of the laser pulse F can be approx-
imated as 

( ) lnd F F
F1

eff th
. a c m,  (1)

where  aeff  is the effective absorption coefficient, allowing for 
the darkening/clearing in the process of material ablation; Fth 
is the threshold energy density of the laser pulse. The ablation 
is a threshold process and is possible only if F > Fth. 

3. Change in eye cornea absorption under  
the effect of the excimer ArF laser

The cornea absorption coefficient a at l = 193 nm measu-
red  in Ref.  [4] at pre-ablation energy densities was equal  to 
~2.7 ́  103 cm–1.

The fundamentals of the theory, describing the process of 
the laser ablation of eye cornea under the impact of a single 
pulse of the ArF laser radiation, are presented in Ref. [8]. The 
basic stroma component is collagen, the typical molecule of 
which consists of 1155 repeating groups of three amino acids 
(glycine, proline, hydroxyproline) (see Fig. 2 in Ref. [9]).

Under the impact of UV photons the photochemical rup-
ture  of  macromolecules  occurs  in  the  eye  cornea  collagen, 
which leads to the efficient increase in the absorption coeffi-
cient  of  the  biomaterial  at  the  laser  radiation  wavelength 
[8 – 10]. It is known that in the UV range the absorption cross 
section  for  the  products  of  the  radiation  photochemical 
action,  formed  at  the  place  of  macromolecule  rupture,  is 

noticeably larger than that of the initial macromolecule [11]. 
The effect of ‘darkening’ (an increase in absorption in the UV 
range, induced by the laser radiation) agrees with the experi-
mental data on the dependence of the ablation depth on the 
pulse energy density. On average, for l = 193 nm the effective 
absorption coefficient aeff » 3.9 ́  104 cm–1 [8, 12]. In Fig. 1 the 
dashed line shows the spectrum of aeff in the region 0.2 mm. 
Thus, at this wavelength the ratio of the effective absorption 
coefficient to the initial cornea collagen absorption equals b = 
15, which is confirmed by the data of Ref. [9].

4. Changes in the eye cornea absorption  
spectrum under the impact of Er : YAG laser 
radiation ( l = 2.94 mm)

It is known that for water the absolute absorption maximum 
in the IR range is near 3 mm. With the content of water in the 
eye cornea taken into account, the initial value of the eye cor-
nea absorption coefficient a (at room temperature and in the 
absence  of  laser  radiation)  in  this  range  lies  in  the  interval 
(2.2 – 4.4) ́  103 cm–1. This value is close to the initial absorp-
tion coefficient of the cornea in the UV range, or can exceed 
it. This  fact  gives  rise  to  the hope  for  the possibility  to use 
near-IR lasers for the eye cornea ablation. Similar to the case 
of UV lasers, the absorption coefficient a depends on the laser 
pulse energy density. However, for the IR range a decreases 
with  increasing energy density F, while  for  the UV range a 
increases. This is the principal difference between using the IR 
and  UV  radiation  for  cornea  ablation.  The  cause  of  this 
unusual  behaviour  of  the  absorption  coefficient  is  that  the 
absorption at 2.94 mm is due not only to the valence vibration 
of the hydrogen atom, belonging to the intramolecular vibra-
tions of  the Н2О molecule. An essential contribution to the 
absorption  at  this  wavelength  comes  from  the  hydrogen 
bonds. According to Ref.  [13],  in pure water nearly 88 % of 
O – H  bonds  belong  to  the  intermolecular  hydrogen  bonds. 
One  should  not mix  the  ‘bound’ water  in  biotissues  under-
stood as water  ingressed  in  the solvate  shell of  the collagen 
(see,  e.g.,  [13])  with  the  intermolecular  hydrogen  bonds  in 
water. The latter are a more general notion than the ‘bound’ 
water  in  biotissues. According  to  [14],  the  universal  depen-
dence  exists  between  the  change  of  the  hydrogen  bond 
enthalpy (DH ) and the intensity of the spectral line

– DН ~ DA1/2,  (2)

where DA1/2 = A1/2 – A0
1/2 is the increment of the spectral line 

intensity of the hydrogen bond; A is the intensity of the line at 
the temperature T; and A0 is the intensity of the initial line.

It is known that

( , ) ,H T T C dT0 1 p
T

T

0

1

D = y   (3)

where Сp is the heat capacity at constant pressure. Under the 
impact of an IR laser pulse the temperature Т1 increases; cor-
respondingly, the variation of the enthalpy DН (T0, Т1) grows 
and A1/2 decreases. Note  that  even a  relatively  small  rise  in 
temperature T causes a significant decrease in hydrogen bond 
enthalpy due to its small energy. As far back as in 1991 this 
fact was experimentally demonstrated in pure water [15]. For 
l = 2.94 mm and the absorbed energy density 9 ́  103 J cm–3 the 
decrease in optical density under the impact of intense laser 

Wavelength/mm

Penetration depth/mm

Figure 1. Absorption spectrum and depth of radiation penetration into 
the eye cornea. The dashed curves show the spectra of cornea effective 
absorption for ablation with an excimer ArF laser ( l = 0.193 mm, dark-
ening) and an Er : YAG laser ( l = 2.94 mm, clearing).
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Figure 2. Chemical formula including three amino acids that compose 
the most of the collagen macromolecule. Peptide groups absorb radia-
tion at a wavelength of 193 nm.
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radiation approaches 88 % of the initial value. In fact, under 
these  conditions  the  intermolecular  hydrogen  bonds  com-
pletely disappear. For biotissues the cause of the ‘clearing’ at 
l =2.94 mm is the destruction of hydrogen bonds with a biotis-
sue temperature growth and a sharp decrease in the vibration 
lifetime [15]. According to the data of Ref. [16], the measured 
depth of the eye cornea roughness after the ablation with the 
homogenised radiation of an Er : YAG laser having the energy 
density ~1 J cm–2 could exceed 1 mm, which corresponds to 
the change in the effective absorption coefficient by nearly an 
order of magnitude, i.e., at this wavelength b » 0.1 (see also 
Fig. 1). 

5. Thermomechanical processes in laser ablation 
of eye cornea 

Under the impact of a short laser pulse the volume of the eye 
cor nea material increases as a result of photochemical reactions 
(for UV radiation) and/or water boiling due to a temperature rise. 
The resulting mechanical stress has a complex nature. Near 
the surface irradiated by the laser (at the depth of radiation 
penetration), the elastic compression stress arises, which gives 
rise  to an acoustic wave propagating  into the sample. After 
the propagation of the acoustic wave, due to the mechanical 
boundary  conditions  at  the  free  surface  of  the  irradiated 
material, in the volume near this surface a quasistatic tensile 
stress is produced. This mechanical tensile stress (its tensor is 
denoted by sik ) is the main cause of the rupture of biological 
macromolecules, which leads to the laser ablation of the eye 
cornea. Naturally, the photochemical dissociation of collagen 
macromolecules under the action of UV radiation also pro-
vides a certain contribution to the rupture of macromolecules. 

The kinetics of mechanical rupture of macromolecules for the 
one-dimensional case can be described within the frameworks of 
the model proposed in Ref. [17]. Then, the increment of the num-
ber of mechanically broken bonds N is described by the equation

∂N / ∂t = GNexp [–(U0 – gs*) / kT ] sinh [ g(s – s*) / kT ], (4)

where G is the pre-exponential factor (the frequency of molec-
ular  vibration  of  the  sections  of  collagen macromolecules), 
equal to 1012 – 1013 s–1; N is the total concentration of the col-
lagen macromolecule sections in the eye cornea; g is the struc-
ture factor (for the eye cornea ablation g is equal by the order 
of magnitude  to  the volume of nearly  three elementary sec-
tions  of  the  collagen macromolecule);  s*  is  the mechanical 
tensile stress, at exceeding of which the mechanical destruc-
tion occurs; U0 is the destruction energy of skeletal intermo-
lecular  bonds  in  collagen;  and  s  is  the  mechanical  tensile 
stress acting along a definite axis.

Equation  (4)  describes  the  rupture  of  macromolecules 
because  of  one-dimensional  tension  of  the  sample.  For  an 
arbitrary  transverse  profile  of  laser  radiation  propagating 
along the z axis, the components of the mechanical stress ten-
sor perpendicular to this axis arise. Correspondingly, along-
side with szz, the nondiagonal components sxz and syz of the 
mechanical stress tensor appear [18]. Calculations show that 
the  nondiagonal  components  of  the  mechanical  stress  are 
most  essential  near  the  geometric  boundaries  of  the  laser 
beam. According to the Hooke law, the contribution of the 
diagonal  component  of  the mechanical  stress  tensor  to  the 
free  energy  of  the  deformation F  is  proportional  to K,  the 
bulk modulus, and the contribution of nondiagonal compo-
nents  is  proportional  to  m,  the  shear modulus  [18].  By  the 

order of magnitude, the coefficients K and m are close to each 
other. The quantity gs in the exponent in Eqn (4) is actually 
the free energy of the deformation F.

For  any profile  of  the  laser  beam,  the  nondiagonal  ele-
ments  of  the  mechanical  stress  tensor  arise  near  the  beam 
boundaries  (where  the  intensity  is  maximally  changing). 
Consequently, near the boundary the roughness in the plane 
xy appears with the characteristic scale 1 / aeff. Therefore, to 
obtain a high-quality ablated surface one should maximally 
increase the effective absorption coefficient. The greater the 
aeff, the higher the instantaneous temperature, the greater the 
mechanical stress, the lower the laser energy density necessary 
for the ablation, and the smaller the characteristic roughness 
scale (CRS) of the biotissue inevitably arising in the process 
of laser ablation. The existing data allow the estimate of CRS 
in the case of cornea ablation with the radiation of the excimer 
ArF laser as d » 1 / aeff » 0.23 mm. Similarly one can estimate 
the CRS in the case of laser ablation of the cornea using the 
Er : YAG laser  (2.94 mm);  in  this case,  the CRS  is ~22 mm. 
The ratio of the CRS values for the lasers operating in the UV 
and IR range is 95. It is clear that because of the laser refrac-
tive operation the relief irregularities arise, with the character-
istic  depth  satisfying  the  condition  h  >>    l  (so-called  strong 
perturbations and deep relief).

With the roughness taken into account, the spatial profile 
of the eye cornea surface after the laser correction of vision is 
a random function of two variables x and y  (we neglect the 
eye  cornea  surface  curvature,  for  which  the mean  value  of 
radius is ~8 mm). According to the simplest processing of the 
experimental results [19], when the ArF laser radiation is used 
for vision correction, the maximal absolute value of the abla-
tion relief height is h » 4.2 mm (the appropriate root-mean-
square deviation being ± 1.53 mm), and the root-mean-square 
roughness  size  in  the xy plane equals < l0 > »  280 mm. The 
corresponding maximal slope is h = h / < l0 > = 0.015 <<  1.

The roughness of the eye cornea surface affects the con-
trast sensitivity of vision, i.e., the quality of the image formed 
at the eye retina. The light passes the eye cornea, which is the 
major  lens  that  forms  the  image at  the  retina. The contrast 
acuity of vision may be characterised by the ratio of intensities 
for the diffuse (Idif )  and directional (Idir ) components of the 
scattered light at the so-called visual axis (see [1] for details):

Idif  / Idir ~ (h / l)2,  (5) 

i.e.,  the  smaller  the h,  the weaker  the diffuse  component as 
compared to the directional one, and the sharper the image. 
In Ref. [1] it is shown that the intensity Idif comes up with the 
intensity Idir  that forms the image at the eye retina if the depth 
h exceeds 3 – 4 mm. Therefore, to save the contrast acuity of 
vision after the laser correction, the height of the roughness 
relief should be much less than 3 – 4 mm. From the physics of 
the cornea ablation process it follows that such smoothness of 
the ablated surface can be provided only by the radiation of 
the excimer ArF laser (l = 193 nm). In Ref. [19] the algorithm 
of laser beam scanning determined the roughness scale.

6. Influence of the reepithelization process on 
optical quality of the cornea surface after laser 
vision correction

In the course of cornea healing after the photorefractive kera-
tectomy (PRK), the removed epithelium undergoes regenera-
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tion.  We  assume  that  during  the  regeneration  process  the 
newly formed epithelium partially smoothes the ablated sur-
face. As a result, the optical quality of the operated surface of 
the eye cornea is improved. 

The  outer  layers  of  the  cornea  epithelium  consist  of 
6 – 8 rows of regularly arranged cells, linked by intercellular 
bridges. Their thickness amounts to 10 % – 20 % of the cor-
nea thickness. The cells of the deepest row (the basal layer) 
have  a  clavate  shape  and  contain  large  nuclei.  These  cells 
multiply and fill  the epithelium defects. Above them a few 
rows of polygonal  cells are  located  that become more and 
more flat towards the outer surface of the cornea. The cells 
of the outer layer are quite flat, and the epithelium surface is 
smooth. The epithelium has a high regeneration capability. 
It plays the protective role and regulates the water content in 
the cornea. 

We suppose that the cause of smoothing is the dependence 
of the epithelium cells mobility on the slope of the surface, at 
which they are located. It is known that the stronger the inter-
action with the adjacent cells, the more suppressed the cells’ 
capability of migration [20, 21], affecting the biochemistry of 
surface  cells  [22].  Therefore,  the  epithelium  cells  that  find 
themselves  in  the  relief  wells  interact  stronger  with  their 
neighbours,  restricting  their migration  ability.  The  cause  is 
the stress in the epithelium cells, which arises due to the inter-
action of the given cell with the adjacent ones. As a result, as 
will be shown by the model calculation, the epithelium thick-
ness in the wells in the equilibrium state appears to be greater 
than at the tops. In Ref. [2] it is shown that the layer of epithe-
lial cells ‘feels’ the well (or any other ‘perturbation’ of the eye 
cornea)  at  the migration  length,  determined by  the balance 
between  the migration  capability  and  the  rate  of  epithelial 
desquamation (cell loss), L » 500 mm.

Thus, there are two types of epithelial cells: the low-mobil-
ity ones located at the stroma surface, their fraction being g = 
m / n (where n is the total number of cells), and the rest ones, 
not contacting with stroma and having normal mobility, their 
fraction being 1 – m / n. Due to the presence of first-type epi-
thelial cells,  the mobility of all cells, m, appears  to be  lower 
than the nominal one by nearly 1 – g times. 

By the order of magnitude the mobility of epithelial cells 
at the surface of the eye cornea is equal to the spatial deriva-
tive of their migration velocity á jx ñ » 2 ́  10 –6 cm s–1. In a well 
of the initial relief, the mobility is lower because the epithelial 
cells  adjoin  the  stroma. Assuming  the mobility  of  the  cells 
directly linked to the stroma to be zero, we can consider the 
mobility of cells in a well to be proportional to D = 1 – m / n. 
In this case, the mobility of epithelial cells is naturally consid-
ered as a function of the coordinates x, y.

Consider  the  stroma  wells  characterised  by  two  basic 
parameters, the depth 2В and the width at half-depth level 2с. 
Assume also that the epithelial cells, located in different wells, 
do not  interact with  each other. This  is  true  if  the distance 
separating  wells  is  much  greater  than  2с.  The  separations 
between  the  wells  is  also  much  greater  than  the  migration 
length L. 

Let us formalise the information about the squamous sur-
face  epithelial  cells,  coating  the  surface  of  the  eye  cornea 
(their thickness is of the order of 2 – 2.5 mm, and their diame-
ter is of the order of 10 mm). Using the known formula for the 
volume  of  an  ellipsoid  having  the  semiaxes  a,  b,  c:  V  = 
(4p / 3) abc, we find that the volume of an epithelial cell is VС 
» 523 mm3. Then the characteristic mean linear size of the cell 
is lС » (VC)1/3 » 8.1 mm, and the total area of the cell surface 

is SC » 660 mm2. Under  the normal growth conditions,  the 
epithelial cells lie layer by layer. If the depth of the irregulari-
ties is of the order of 4 mm and their diameter is greater than 
500  mm,  then  the  epithelium  cells  completely  fill  the  relief 
wells,  since  the  thickness of  the  squamous  epithelial  cells  is 
nearly by two times smaller than the characteristic well depth 
(4 mm), and the well width (~500 mm) is much greater than 
the diameter of the epithelial cells. 

Without  the  loss of  generality, we  can  consider  a  single 
well. To simplify the calculations let us consider a one-dimen-
sional problem, when the surface shape depends on a single 
coordinate x. Let us describe the shape of the ablated surface 
by the function

Z(x) = – B – B (px / c),  (6)

where x varies from – c to c. Figure 3 presents the model pro-
files of the irregularities (wells), used in the calculations. Since 
the  corneal  curvature  radius  (typically  8 mm)  is  essentially 
greater than В and c, one can neglect the cornea curvature. 
The cornea surface is considered plane and the level z = 0 cor-
responds  to  the  unperturbed  surface,  the  well  width  being 
greater than the linear size of a cell. We assume that the epi-
thelial cells migrate in the plane of the eye cornea.

The  equation  describing  the  dynamics  of  the  epithelial 
cells migration over the planar eye cornea has the form

¶
¶ ( , ) div{ ( )grad[ ( , )]},t
r a br x t x r x tj= - +   (7)

where r (x, t) is the height (thickness) of the layer of epithelial 
cells (mm); a is the rate constant of the epithelial cell genera-
tion (mm s–1); b is the time constant of the cell loss (desquama-
tion)  (s–1);  and  the  function  j(x)  (mm2  s–1)  describes  the 
dependence of the migration (diffusion) rate of the epithelial 
cells on the coordinate in the well. Generally, Eqn (7) corre-
sponds to the model described in Ref. [2], but the simplifica-
tions made by us make the solution possible. The solution of 
the  equation,  analogous  to  Eqn  (7),  is  described  in mono-
graph  [23]. Formally, Eqn (7)  is a Helmholtz equation with 
respect to the function r (x, t).
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Figure 3. Model profiles of the wells of the cornea surface, used in the 
calculations at different values of the half-depth width c = ( 1   ) 10 and 
( 2 ) 20 mm; B = 20 mm.
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In the steady state case considered below, the time deriva-
tive  is  zero.  Correspondingly,  Eqn  (7)  with  respect  to  the 
unknown  function  r (x) º R,  independent of  time,  is  trans-
formed into the ordinary differential equation

d
d ( ) 0

d
da bR

x
x

x
Rj- + =; E .  (8)

The constants a and b are assumed to be independent of x. 
At  smooth  regions  of  the x  axis,  having  no  roughness,  the 
dimensionless spatial derivative Y º dR / dx » 0 so that R = 
a / b. If the relief is described by Eqn (6), this boundary condi-
tion holds for |x| ³ c. Differentiating Eqn (8), we obtain

0.
d
d

d
dbY Y

x x
Yj

j- + + =   (9)

We can write the solution of Eqn (9) in the form

d
( )
d .

d
d

Y
Y

x
x b

xj
j

= -c m   (10)

According to the available literature data, the thickness of 
the  epithelial  layer  of  smooth  eye  cornea  amounts  to 
30 – 50 mm;  the mobility of  epithelial  cells, moving over  the 
stroma surface, can be evaluated by the characteristic mean 
value of  the spatial derivative < jo x > » 2 ́  10–6 cm s–1. The 
irregularities (wells) at the eye cornea typically ‘occlude’ dur-
ing the typical healing (reepithelization) time of t » 3 – 5 days 
[or (2.5 – 4.3) ́  105 s]. The characteristic distance, at which the 
wells manifest themselves, is t á jo x ñ » 500 mm, which agrees 
with the migration length L from [2]. We neglect the spatial 
features  of  the  surface  at  the  distances,  exceeding  500 mm. 
These  data  allow  the  estimation  of  the  constants  b  » 
3 ́  10–6 s–1 and a » 1.5 ́  10–8 cm s–1. Therefore, the mean epi-
thelium thickness amounts to a / b = 50 mm.

The solution of Eqn (10) is a functional of j(x). The pre-
cise  calculation  of  this  function  is  a  subject  of  a  separate 
study. Our aim here is to show that the reduction of j(x) in 
the  well  leads  to  the  smoothing  of  the  surface  due  to  the 
growth  and  migration  of  epithelial  cells.  Assume  that  the 
dependence j(x) is expressed as

.cosx c
x10j j d p

= -^ `h j8 B   (11)

Here, d < 1 is a dimensionless positive quantity, character-
ising  the  change  in  the mobility of  epithelial  cells. Figure 4 
illustrates the cornea surface shape after laser ablation at В = 
20 mm and с = 40 mm ( 1 ) and after the end of reepithelization 
process ( 2 ). After ablation, the depth of an individual well is 
equal to h1, and after the occlusion of the well by the epithelial 
cells, its depth becomes equal to h2. It is seen that h2 < h1, and 
for the given В and с the difference h2 – h1 amounts to 30 mm. 
The simple model consideration has shown that the process of 
post-operation  healing  (reepithelization)  facilitates  the 
improvement of the cornea surface optical quality after laser 
vision correction using the PRK method [24].

7. Conclusions

We have established that the quality of laser-ablated eye cor-
nea  surface  depends  on  the  effective  (with  the  darkening/
clearing  taken  into  account)  absorption  coefficient  at  the 
radiation  wavelength.  The  advantages  of  using  an  excimer 
ArF  laser  (l = 193 nm) as compared to  the radiation of an 
Er : YAG laser (l = 2.94 mm) for the laser correction of vision 
are demonstrated. The mathematical model  that  allows  the 
description of the post-operation cornea reepithelization pro-
cess and its smoothing is developed. It is shown that the pro-
cess of the cornea surface reepithelization improves the opti-
cal quality of the surface.
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