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Abstract.  We consider a 3D cellular model of human tooth enamel 
and a photomechanical cellular model of enamel ablation by erbium 
laser radiation, taking into account the structural peculiarities of 
enamel, energy distribution in the laser beam cross section and 
attenuation of laser energy in biological tissue. The surface area of 
the texture in enamel is calculated after its micromachining by 
erbium laser radiation. The influence of the surface area on the 
bond strength of enamel with dental filling materials is discussed. A 
good correlation between the computer simulation of the total work 
of adhesion and experimentally measured bond strength between 
the dental filling material and the tooth enamel after its microma-
chining by means of YAG : Er laser radiation is attained.

Keywords: photomechanical cellular model, ablation, microma-
chining, erbium laser, human tooth enamel, adhesion. 

1. Introduction 

Laser  radiation  is  widely  used  in  modern  dentistry  [1 – 3]. 
Erbium lasers are employed for treatment of hard tissues of 
the tooth, in particular, for preparation of the tooth surface 
for sealing the cavities [1 – 11]. Several studies have reported 
that the adhesion of the modern filling materials to the sur-
face having been subjected to the laser exposure exceeds the 
adhesion to the surface formed by conventional tools [4 – 7]. 
However, there are reports that suggest the opposite [8 – 11]. 
It is obvious that this issue requires further study. 

The authors of paper [4] describe the results of experimen-
tal study of adhesion of modern filling materials to the enamel 
surface  formed  as  a  result  of micromachining  by  radiation 
from a YAG : Er-laser. The essence of the micromachining is 
to create a regular  texture of craters on the surface of hard 
tooth tissue. It is shown that the micromachining significantly 
increases adhesion, obviously at the expense of increasing the 
surface area in the texture. 

It should be noted that the experimental study of adhesion 
is extremely laborious. In this connection, the development of 
a model to describe the behaviour of the enamel’s surface area 
after its laser micromachining is an urgent task. 

The authors of papers [12 – 14] have reported the creation 
of a photomechanical cellular model of ablation of the human 

tooth enamel by means of erbium laser radiation. The model 
proposed  takes  into  account  the  structural  peculiarities  of 
enamel,  energy  distribution  in  the  laser  beam  cross  section 
(Gaussian distribution) and attenuation of the laser energy in 
tissue  according  to  the  Bouguer – Lambert – Beer  law.  The 
model  takes  into  account  the  explosive mechanism of  laser 
ablation of hard  tooth  tissue  [15]  in  case of  irradiation 
by  erbium  lasers, which  is  largely  absorbed by water  ( ma = 
12250 cm–1 [16], l = 2.94 mm) contained in the enamel or den-
tin of the tooth and to a lesser degree – by hydroxyapatite 
(ma = 300 cm–1 [16], l = 2.94 mm). 

This paper represents the results of modelling the texture 
surface  area  in  the  enamel,  derived  in  the  framework  of  a 
three-dimensional  cellular  model  describing  the  photome-
chanical  ablation of  the human dental  enamel by  radiation 
from  an  erbium  laser.  We  investigate  the  contribution  of 
microrelief  and  the distances between  the  centres of  craters 
into the total surface area of the texture formed as a result of 
laser  irradiation. The  interrelation  between  the  texture  sur-
face obtained in the calculation and the results of experimen-
tal  study  on  the  adhesion  of  the  dental  filling  material 
Revolution  (Kerr, Germany)  to  the  enamel  surface  treated 
with YAG : Er-laser radiation is discussed. 

2. Cellular model of the human tooth enamel 

By volume, the human tooth enamel consists to 87 % of min-
erals (apatite), 11 % – of water (free and bound, located inside 
the  pores)  and  2 %  –  of  an  organic  matrix  [17].  The  main 
structural elements of the tooth enamel are the enamel prisms 
[18]. Belikov et al. [13] describe the cellular model of the den-
tal enamel, according  to which  it  represents a set of  similar 
elements (cells), evenly distributed in the volume and being in 
perfect  mechanical  and  optical  contact.  This  model  is  pre-
sented in Fig. 1. Each cell models an enamel prism and con-
sists of two cubes: a cube of hydroxyapatite (HA-cube) and a 
cube  of  water  (W-cube),  the  latter  symmetrically  located 
within the HA-cube and comprising 11 % of the cell volume 
[17]. The edge length of the HA-cube (LHA) is equal to 5.0 mm 
(which corresponds  to  the enamel prism size  [18]),  the edge 
length of the W-cube (Lw) is equal to 2.4 mm. 

3. Photomechanical cellular model of ablation  
of the human tooth enamel by erbium laser 
radiation 

This model does not take into account the scattering of light 
in the enamel and the reflection from its surface, inasmuch as 
they  are  insignificant  for  the  lasing  wavelengths  of  erbium 
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lasers  [19,  20]. The heating of  the  tissue  that  surrounds  the 
ablation  area  [21]  as  well  as  the  changes  in  the  absorption 
coefficient  of  tissue  due  to  the  heating  during  processing 
(ablation) [22, 23] are also not taken into account. The cells 
are isolated from each other, i.e. the model can only be used 
for erbium laser pulses, whose duration does not exceed the 
thermal  relaxation  time  of  the  cell  [21],  which  can  be  esti-
mated [24] as

a
z

r

2
t = ,  (1) 

where z  is  the cell dimension,  (z = LHA = 5 mm); and a = 
4.69 ´ 10–7 m2 s–1 is the enamel’s thermal conductivity [25]. 

The value of tr, calculated according to (1), in this case is 
about 50 ms. Thus, this model can be used for the laser pulses 
whose duration does not exceed 50 ms, or for the pulses con-
sisting of the sequences of micropulses, the duration of each 
being less than 50 ms. It should be noted that for the most of 
erbium lasers operating  in  the  free-running mode,  the pulse 
consists of a series of micropulses with duration of ~1 ms, fol-
lowing each other with a repetition rate of 5 – 10 ms [26]. 

The water  contained  in  the W-cube,  effectively  absorbs 
radiation  at  the  wavelengths  of  erbium  lasers  [16]  and  is 
heated  under  the  laser  radiation.  Hydroxyapatite  of  the 
HA-cube  absorbs  the  radiation  from  erbium  lasers  not  so 
effectively [16]. As a result of heating, the water in the W-cube 
expands  and  begins  to  put  pressure  on  the  walls  of  the 
HA-cube. It should be noted that the coefficient of the volu-

metric  water  expansion  {a  =  (18 – 133)  ´  10–5  K–1  [27]}  is 
greater  than  the  coefficient  of  the  volumetric  expansion  of 
hydroxyapatite (1.1 ´ 10–5 K–1 [28]). The stresses arise in the 
walls of the HA-cube that surround the W-cube, being depen-
dent  on  the  force Fw  [29]  that  presses  against  the HA-cube 
walls and, in turn, depends on the temperature [27], and hence 
– on the value of the absorbed laser energy E [27]:

,F TS
6w wc
a D=   (2)

E c m Tw wD= ,  (3) 

where c = 45 ´ 10–11 Pa–1 is the compressibility of water [27]; 
DT  is  the  excess  of  the water  temperature  compared  to  the 
body temperature; Sw is the surface area of the W-cube wall; 
cw is the specific heat of water; and mw is the W-cube mass. 

It  is  believed  in  the  framework of  the  cellular model  of 
photomechanical ablation that the enamel ablation occurs if 
the maximum stress exceeds the tensile strength of hydroxy-
apatite at break (~40 MPa [30, 31]). In this case, the HA-cube 
walls surrounding the W-cube are destroyed, and the break-
down products are transferred into environment. 

If a single laser pulse with the energy evenly distributed in 
the beam cross section falls onto the enamel surface, the cel-
lular  model  allows  consideration  of  the  interaction  with  a 
single column of cells (Fig. 1b). In this case, the destroying of 
enamel (of cells) occurs sequentially (in layers). 

If  the  amount  of  the  absorbed  energy  EA(1)w  is  large 
enough to destroy just a single HA-cube (one layer), only its 
upper wall turns out destroyed and a layer with a microrelief 
is formed. Figure 1c shows the HA-cube with the upper wall 
destroyed.

If the removal of two cells (of HA-and W-cubes) occurs 
sequentially,  the side walls of  the upper HA-cube  turns out 
destroyed while the upper wall of the lower HA-cube becomes 
twice as thick (Figs 1c and 1d). The detailed modelling of the 
ablation in layers is performed in [13, 14]. For modelling of 
the  enamel  and  calculating  of  the  stresses  in  the  HA-cube 
walls,  the  SolidWorks®Premium  2012  software  (Adobe 
Systems  Inc., USA) was used.  In  this  case,  the  force Fw  (2) 
acting on the walls of the HA-cube at different temperatures 
was initially calculated, and then, in the framework of a three-
dimensional  model  created  in  SolidWorks,  this  force  was 
applied to the HA-cube walls from the inner side. The follow-
ing parameters of hydroxyapatite were used  in calculations: 
modulus of elasticity (Young’s modulus) – 90 GPa [32 – 36], 
Poisson’s ratio (the ratio of shear strain) – 0.28 [16], density 
– 3.16 g cm–3 [16] and shear modulus – 41.8 GPa [37]. As a 
result,  the  stresses according  to von Mises were calculated 
[29, 38]. 

It was assumed that, if the stresses in the upper wall of the 
HA-cube  exceed  the  tensile  strength  of  hydroxyapatite  at 
break, the upper wall collapses. In this way, the temperature 
in the W-cube, required for destroying of a single or double 
wall  of  the  HA-cube,  was  determined,  and,  in  accordance 
with these temperatures, the laser energy required to heat the 
water to the desired temperature (3) was calculated. 

The model takes into account that, during the passage of 
each layer of cells, laser radiation is attenuated according to 
the Bouguer – Lambert – Beer law [39]: 

ET(n) = E0exp(– mLHAn),  (4) 
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Figure 1. (a) Cellular model of enamel, (b) column of cells, (c) column 
of cells  that contains a cell with the destroyed upper wall of the HA-
cube, (d) column of cells with the removed upper cell and a cell with the 
destroyed upper wall of the HA-cube and (e) column of cells with two 
removed cells and a cell with the destroyed upper wall of the HA-cube.
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where ET(n) is the energy passed through the nth layer of cells; 
E0 is the energy of incident laser radiation; and m is the absorp-
tion coefficient of the enamel (cell). 

The model also takes into account the contribution of the 
absorption  coefficients  of  hydroxyapatite  and  water  to  the 
absorption of enamel (cell):

( )
( )

exp
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Here, EA(n)  is  the energy absorbed by  the nth  layer  (cell); 
EA(n)w  is  the  energy  absorbed  by  water  in  the  nth  layer 
(W-cube); and EA(n)HA is the energy absorbed by hydroxyapa-
tite in the nth layer (HA-cube). 

The absorption coefficient of enamel (cell) is calculated as 
follows:

m = mw + mHA;  (6)

it constitutes 1666 cm–1, which correlates with the absorption 
coefficient of  the  intact  enamel,  experimentally measured 
in [22]. 

The energies EA(n)w and EA(n)HA depend on the volume of 
the  cubes  (the W-cube volume  constitutes  11 % of  the  total 
cell volume; the HA-cube volume is 87 %): 

E E( ) ( )A w A
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n n m
m

= ,  (7)
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HA
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m
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where mw = mw0Vw /Vel is the coefficient of water absorption in 
the  cell; mw0  is  the water absorption  coefficient  (12250 cm–1 
[16]); Vw is the W-cube volume; Vel is the cell volume; mHA = 
mHA0VHA /Vel  is  the absorption coefficient of hydroxyapatite 
in the cell; mHA0 is the absorption coefficient of hydroxyapa-
tite (300 cm–1 [16]); and VHA is the HA-cube volume. 

As a result of the calculations [14], it was found that, for 
destroying one of the upper walls of the HA-cube, it is neces-
sary to heat the water to a temperature of +150 °C, herewith 
the force (2), which  is required for destroying, amounts  to 
2.5 ´ 10–4 H, the energy (3), which is absorbed in the W-cube, 
– to 6.6 nJ, and the energy (5), (7), which is absorbed in the 
cell, – to 13.9 nJ. Destroying of the double upper wall of the 
HA-cube occurs when the water temperature reaches +290 °C. 
In  this  case,  the  force  (2), which  is  required  for destroying, 
amounts to 10.1 ´ 10–4 H, the energy (3), which is absorbed in 
the W-cube,  –  to  14.7  nJ,  and  the  energy  (5),  (7), which  is 
absorbed in the cell, – to 30.9 nJ.

When modelling  the  destroying  of  enamel  by  a  laser,  it 
was  assumed  that  if  the  energy  absorbed  in  the  cell  drops 
below 30.9 nJ, the destruction stops and the geometry shown 
in Figs 1d and 1e turns out fixed. 

By transforming expression (5), we can calculate the num-
ber of layers n that have been removed during a single pulse or 
a  micropulse  from  a  train,  including  the  last  layer  with  a 
microrelief, as well as the ablation depth h versus the density 
WE of  the  radiation energy  that  falls onto  the area with 
the  transverse  dimension  equal  to  the  size  of  a  single 
HA-cube [13]: 

2

[ ( ) ]ln expn L L E
L W1 1

HA
HA

w HA E

2m m m
m

= -) 3,  (9)

h nL L L
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where E2 is energy to be absorbed in the W-cube for destroy-
ing the double wall of the HA-cube; Lw is the edge length of 
the W-cube; and L2

HAWE is the incident radiation energy E0. 
If laser radiation having a Gaussian energy distribution in 

the beam cross section falls onto the enamel surface, the num-
ber  of  layers  removed  during  a  single  pulse  in  the  cellular 
model (a micropulse from a train) will depend, in each column 
of cells, on the energy that corresponds to this column: 

( , ) [ ( ) ]
( , )

ln expn x y L L E
E x y1 1

HA
HA

w el

2m m m
m

= -' 1,  (11) 

where Eel (x, y) is the energy of radiation incident on each cell, 
varying according to the Gaussian distribution. Based on the 
expressions proposed  in  the Supplement  to  [40],  the expres-
sion for the energy that corresponds to the cell of size LHA can 
be written as follows:

( , )
2

[ ( , )]
expE x y L E r x y

2
el

a a

2
2

0
2

2

ps s
= -HA ) 3,  (12)

where x and y are the coordinates that define the position of 
the  cell  centre  relative  to  the beam centre;  and  r(x, y)  is  the 
distance between the beam and cell centres. In this case,

L
12
1

a
2 2 2s s= + HA ,  (13) 

where s  is  the width  of  the Gaussian  distribution  (half  the 
radius according to the e–2 level). 

The calculations according to (11) and (12) were carried 
out  in  the MatLab  (The MathWorks  Inc.,  USA)  environ-
ment;  the  result  of  calculation  is  two-dimensional  arrays 
Eel (x, y) and n(x, y). Figure 2 demonstrates the energy distri-
bution for the beam with E0 = 1 mJ, 2s = 30 mm, obtained 
according to (12). 

Figure 3 shows the microcrater profile  in enamel, calcu-
lated in accordance with the above-described cellular model 
as a result of irradiation by the YAG : Er laser with a Gaussian 
energy distribution  [the beam radius 30 mm at  the  level 
e–2 (2s), the energy E0 = 1 mJ], as well as a photograph of the 
longitudinal  cross  section  of  the microcrater  formed  in  the 
human tooth enamel when exposed to a single pulse of a free-
running  single-mode YAG : Er  laser  (l = 2.94 mm) with  the 
duration of tp = 100 ± 10 ms and the energy of E0 = 1 mJ [41]. 
Note that the pulse of a free-running YAG : Er laser consisted 
of a train of micropulses with the duration of each tpm ~ 1 ms 
and the time interval between the pulses ~10 ms. Consequently, 
albeit tp > tr,  it  is evident that  the  laser  impact occurs only 
during  the micropulse  action,  i.e. during  the  time tpm < tr. 
Thus, the previously formulated condition that the photome-
chanical cellular model is applicable for the laser pulses with 
tp £ 50 ms is fulfilled in this case.

4. Simulation of the texture surface area  
in the enamel after its micromachining by means 
of erbium laser radiation

Figure 4a shows a flat surface XY that can be used to describe 
an untreated enamel surface. After  laser micromachining,  it 
can be represented by a set of fragments of a flat surface and 
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microcraters  –  radial  texture  (Fig.  4b). The microcraters  in 
the cellular photomechanical ablation model have a complex 
shape (Fig. 4c). 

If a single pulse with a uniform energy distribution in the 
beam  cross  section  falls  on  the  enamel  surface,  and  the 
amount of the absorbed energy is large enough to destroy just 

the upper wall of the HA-cube, the surface area of the cell that 
is not destroyed completely and contains a microdefect (for a 
single surface), in the framework of the cellular model can be 
estimated as

4S L L L L L
20m w

HA w
w

2
= +

-
+HA c m.  (14)

It  is  easy  to  calculate  that  in  this  case  the  surface  area  is 
increased by 2.4 times compared to the flat surface area. 

If a single pulse with a Gaussian energy distribution in the 
beam  cross  section  falls  onto  the  enamel  surface,  the micr-
crater surface area in the framework of the cellular model will 
depend on the number of layers removed in each column of 
cells. Figure 5 shows the marked vertical surfaces, or the sur-
faces with  a microrelief,  the  sum of  surface  areas  of which 
gives the entire surface area of the whole microcrater. 
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Figure 2. (a) Three-dimensional and (b) two-dimensional distribution of the energy incident on the enamel surface (E0 = 1 mJ, 2s = 30 mm).
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Figure 3. Calculated profile of a microcrater in the enamel (black line) 
and the picture of a longitudinal section of a microcrater obtained in the 
experiment (YAG : Er laser, l = 2.94 mm, tp = 100 ± 10 ms, E0 = 1 mJ).
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Figure 4. Schemes of the enamel surface relief: (a) unprocessed surface, 
(b) radial texture and (c) texture corresponding to the cellular photome-
chanical ablation model; Dx  is  the micromachining step  (the distance 
between the centres of the craters) and D is the microcrater diameter.
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Figure 5. Structure of the microcrater surface corresponding to the cel-
lular photomechanical ablation model.
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The  surface  area of  a  single  crater  and  the  surface  area 
comprising the texture depend on the number of the cell lay-
ers removed in each column of cells, i.e. depend on the depth 
that,  in turn, is conditioned by the magnitude of the energy 
incident onto  the enamel  surface and  the peculiarities of  its 
distribution in space. The crater can be formed by exposing 
the  enamel  to  a  train  of  laser  pulses  (micropulses  from  a 
train).  The  area Scm  of  a  single microcrater with  a  relief  is 
calculated as follows: 

Scm = Svm + Sm,  (15)

Sm = Sm0Nm,  (16)

Svm = L
2
HANv,  (17)

where Svm is the area of vertical surfaces in the microcrater; 
Sm is the area of the microcrater surfaces with a relief; Nv is 
the number of vertical surfaces in the microcrater; and Nm is 
the number of cells with a relief in the microcrater. 

It  should  be  noted  that,  using  a  program  created  in 
MatLab, Nm was calculated as a number of the nonzero ele-
ments in the array n(x, y) (11), Nv – as a sum of differences of 
the values in columns (and rows) of the array n(x, y) – 1. The 
method described  is applicable for calculating both the sur-
face area of a single microcrater, and the surface area com-
prising several craters in any of their position relative to each 
other.

Consider a flat area of size L0 ´ L0 on the enamel surface. 
If the area is smooth (no micromachining by laser beam), its 
area is S0 = L0

2. If a texture with different steps Dx is formed 
on the enamel surface as a result of micromachining, the ratio 
of the step Dx to the microcrater diameter D can be denoted 
as k = Dx /D. The surface area of the texture Sk depends on k. 
For k < 1, the surface texture is formed as a result of super-
position of  the microcraters  (Fig. 6a),  for k ³1,  the  texture 
can be considered as a  set of  isolated microcraters  (Figs 6b 
and 6c).

The area of the texture surface in the enamel after micro-
machining was calculated by using a programme created  in 
MatLab.  In  modelling,  we  specified  a  coordinate  system 
defining the position of the cell centres on an area measuring  
L0 ´ L0  and a coordinate  system for  the  laser pulse energy 
distribution in the cells. After that the array n(x, y) was calcu-
lated for the original position of the laser beam, and thus the 
formation of a single microcrater in the area was simulated. 
Further, the coordinate system that had been defined for the 
energy distribution was shifted at the distance Dx in the coor-
dinate system defined for the L0 ´ L0 area. Thus, the sequen-
tial formation of the craters in the area with different Dx and, 
accordingly, with  different k,  was modelled.  In  this  case,  a 
sequential  summation  of  the  array  values  n(x, y)  was  con-
ducted with an offset, which allowed one to realise the super-
position of the microcraters for k < 1. The number Nvk of the 
vertical surfaces and the number Nmk of the surfaces with a 
relief, which are necessary to calculate the total surface area 
of the texture, were calculated by the above method. The sur-
face area of the texture was determined as follows:

Svk = L
2
HANvk,  (18)

Smk = Sm0Nmk,  (19)

Sk = S0 – Nmk L
2
HA + (Svk + Smk),  (20)

where Svk is the area of vertical surfaces in the texture; Smk is 
the area of the microcrater surfaces with a microrelief in the 
texture; Nvk is the number of vertical surfaces in the texture; 
and Nmk is the number of the surfaces with microrelief in the 
texture. 

Herewith,  the  area S0  of  the  flat  surface was  calculated 
with regard to the actual number of the microcraters that can 
fit on the area of approximately 1 ´ 1 mm.

5. Simulation of the full work of adhesion  
on the surface texture in the enamel after its 
micromachining by erbium laser radiation

According to [42, 43], the full work of adhesion is related to 
the area of contacting adhering materials. For a flat surface, 
the full work of adhesion is

W0 = WaS0,  (21) 

where Wa is the work of adhesion attributable to a unit surface. 
For  the  surfaces  containing  a  texture,  the  full  work  of 

adhesion Wk is calculated as follows: 

Wk = WaSk,  (22) 

where Sk  is the texture surface area (after micromachining), 
see (20). 

Then the normalised full work of adhesion resulted from 
micromachining can be considered as the area ratio: 

W
W

S
Sk k

0 0
= .  (23)

 Surfaces removed as a result 
of superposition of microcratersD

Dx

D

D

Dx

Dx

Flat surface

a

b

c

Figure 6. Structure of the surface texture formed at (a) k < 1, (b) k = 1 
and (c) k > 1.
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It should be noted that at k < 1, the superposition of cra-
ters leads to creation of a texture with the depth that exceeds 
the depth of the microcrater, and it is incorrect to describe the 
changes in the area of this texture by using S0, because in this 
case  a  cavity  is  formed  (Fig.  7a),  the  area  of which,  in  the 
absence of the texture, differs from S0. At k ³ 1, the texture 
depth does not exceed the depth of a single crater, and in this 
case the comparison with S0 is justified (Fig. 7b). 

Figure 8 represents the dependence of the normalised full 
work of adhesion Wk /W0 on the coefficient k, which is calcu-
lated in the framework of the above-described cellular photo-
mechanical ablation model for the case of micromachining of 
a flat surface by the radiation from erbium laser at k ³ 1. 

It can be seen that the greatest increase in the full work of 
adhesion (Wk /W0  = 2.9) after the laser micromachining (for 
a surface containing a texture) compared to W0 is observed at 
k = 1. With increasing distance between the craters, the tex-
ture surface area decreases. The authors of paper [4] describe 
an experiment on studying the bond strength to the enamel 
surface  after  the  micromachining  with  the  use  of  a  highly 
flowable,  light-cure  composite material  ‘Revolution’  (Kerr, 
Germany).  A  2.94-mm  single-mode,  free-running  YAG : Er 
laser was employed for the micromachining with a step equal 
to the micro-crater diameter. The radiation energy in the pro-
cessing area was 1 mJ (± 3.5 %), the laser pulse FWHM dura-
tion constituted 100 ms (±10 %). Each microcrater in the tex-
ture was formed by the action of a single pulse of free-running 

lasing in non-contact mode. It was established that the bond 
strength  of  ‘Revolution’  (Kerr,  Germany)  with  the  surface 
comprising the texture formed by the laser radiation is three 
times higher than that with the surface without such a texture.

Thus,  the  result  of  calculation  performed  in  the  frame-
work  of  the  cellular  photomechanical  ablation model  is  in 
good agreement with the data obtained in the experiment [4]. 
It  should be emphasised  that  the  inconsistency  in  the adhe-
sion behaviour after the laser processing, that have been men-
tioned earlier in the analysis of the literature [5 – 11], may be 
related  to  the  two  following  factors:  firstly,  the  lack  of  the 
proper control for the parameter k on the part of researchers, 
that, as can be seen from Fig. 8, has a significant impact on 
the area Sk, and secondly, the use of the viscous filling materi-
als that are not capable of flowing into the micro-defects cre-
ated on the enamel surface during laser irradiation.

Thus,  in  this  paper  a  3D  cellular  model  of  the  human 
tooth  enamel  and  a  photomechanical  cellular  model  of  its 
ablation are described. For the  first  time, within the  frame-
work of the cellular photomechanical ablation model, a simu-
lation of the surface area and the full work of adhesion sur-
face texture in the enamel after its micromachining by means 
of erbium laser radiation have been carried out. The results of 
calculations show that the full work of adhesion depends on 
the distance between the centres of microcraters in the texture 
and attains its maximum when the distance between the cen-
tres becomes equal to the microcrater diameter. The results of 
simulation  are  in  a  good  agreement  with  the  experimental 
data.

References
  1.  Coluzzi D.J., Convissar R.A. Atlas of Laser Applications in 

Dentistry (Hanover Park, IL: Quintessence Publ. Co, Inc., 2007).
  2.  Walsh L.J. Aust. Dent. J., 48 (3), 146 (2003).
  3.  Convissar R.A. Principles and Practice of Laser Dentistry (St. 

Louis, MO: Mosby Elsevier, 2011).
  4.  Belikov A.V., Pushkaryova A.E., Skripnik A.V., Strunina T.V., 

Schatilov K.V. Izv. Vyssh. Uchebn. Zaved., Ser. Priborostr., 53 (4), 
52 (2010). 

  5.  Samad-Zadeh A., Harsono M., Belikov A., Shatilova K.,  
Skripnik A., Stark P., Egles C., Kugel G. Dental Materials, 27 (10), 
1038 (2011).

  6.  Gardner A.K., Staninec M., Fried D. Proc. SPIE Int. Soc. Opt. 
Eng., 5687, 144 (2005)

  7.  Eguro T., Maeda T., Ishizaka Y., Takahashi K., Suzuki T.,  
Tanaka H., Katsuumi I. Intern. Congr. Ser., 1248, 157 (2003).

0

0 0

0.2 0.2
0.4 0.4

0.6
0.6

0.8
0.8

1.0
1.0

20

40

60

80

Y/mmX/mm

0
0.2 0.2

0.4 0.4

0.6 0.6

0.8
0.8

1.0
1.0

Y/mmX/mm

10

20

30

40

D
ep
th
/m
m

D
ep
th
/m
m

a b

Figure 7. Texture calculation results for E0 = 1 mJ, 2s = 30 mm at (a) k = 0.5 and (b) 1.

1 2 3 4 k 

Wk/W0 

1.0

1.5

2.0

2.5

Figure 8. Dependence of Wk /W0 on k calculated in accordance with the 
cellular photomechanical ablation model (E0 = 1 mJ, 2s = 30 mm, X = 
Y = 1 mm).



769Modelling of micromachining of human tooth enamel by erbium laser radiation
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