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Since 1960, laser has been very attractive to researchers of medi-
cal sciences [1, 2]. Lasers are commonly used in dentistry, cancer 
therapy, dermatology, ophthalmology, and gastrointestinal diseas-

es [3, 4].
Laser characteristics made it a unique surgical blade with least side 

effects and minimum bleeding. Certain physical parameters play im-
portant roles in using lasers. These parameters include tissue irradia-
tion time, laser wavelength, and laser energy density; lasers with power 
densities less than 0.1 W/cm2 can cause photochemical reaction on the 
tissue. However, thermal effects [5, 6] can occur by using lasers with 
power densities lesser than 105 W/cm2. To ablate a piece of tissue, the 
laser power densities must exceed 109 W/cm2 [7]. Very high power laser 
can take the tissue to a near ionization state and even can dissociate the 
tissue in atomic and molecular levels to form dense plasmas.

Herein, we describe the photothermal effect of laser on moles. For this 
reason, certain optical properties of the mole such as its absorption coef-
ficient for different laser wave lengths are also important.

It is shown [8] that tissues experiencing a total temperature rise of 5 °C 
are usually not damaged. On the other hand measurement of such tiny 
damages is a challenging task. However, temperature rises above 42 °C 
can irreversibly harm the tissues by denaturing proteins [9, 10].

This study mostly deals with various laser systems that do not produce 
severe thermal effects on tissues and that are very less harmful. To do 
so, the profile of temperature rising of a mole when exposed to vari-
ous lasers was studied. First, the thermal equation for nearly spherical 
moles was solved analytically when the mole absorption coefficient was 
explicitly taken into account. By reporting the numeric values of the 
temperature rise, we could then select the most appropriate laser system 
with the least harm to the tissues, for mole removal.

Assuming that the mole has a spherical shape (Fig. 1), the following 
equations govern T1 and T2:
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where θ0 denotes the polar angle in spherical coordinates, α shows the 

42



J Biomed Phys Eng 2012; 2(1)

www.jbpe.ir
mole absorption coefficient, K is the thermal 
conductivity of the mole and a is the radius of 
the mole.

As the maximum temperature rise occurs 
on the mole surface, the boundary conditions 
would be:

0 1 2 0T T Tθ θ= ⇒ = =   and
1 0Tr a

r
∂

= ⇒ =
∂   (2)

The latter boundary condition was used be-
cause two distinct regions were defined for the 

mole (Fig. 1), and along the boundary of this 
region the temperature rise had to be kept the 
same.

To solve the thermal equation (Eq. 1), con-
sidering the symmetry of the problem in spher-
ical coordinates, we used the Green function 
formulation of:
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Upon using this method, one can set:

1

2

1 0

1

1

1( , ) ( , )4
1

4

1 ( , )4

a

s

s

T r Q e G r dVK
TG dan

GT r dan

αθ θπ

π

θπ

− ′ ′=

∂ ′+ ′∂

∂′ ′ ′− ′∂

∫

∫

∫





 (4)
The right side of Eq. 4 shows two surface 

integrals on s1 and s2 (Fig. 2).
After the same mathematical manipulation, 

we finally end up with T1 as:
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To find T2, one should note that the boundary 
condition employed for the calculation of T1 is 
no longer valid. But as T2 must bear a maxi-
mum value at θ=θ0 and a minimum at θ=π, we 
are facing two extremum values in T2 region. Figure 2: The first region and boundary sur-

faces

Table 1: Laser systems used in mole removal 
operations

α (cm-1)λ (nm)Laser type
0.3851064Nd:Yag
2.1272940Er:Yag
2.310600Co2

8.1750Alexandrite

Mole Removal by Laser 

Figure 1: Spherical model for a mole
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With this formalism, T2 would be:
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Table 1 shows the laser characteristics of 
four systems which are frequently used in 
mole removal operations along with mole ra-
dius, a, θ0 , and K values.

a = 1.4 mm
Q0 = 50 J
θ0 = 6 °C
K = 1.6
Figure 3 shows T1 vs. r, which is the distance 

from top to the center of the mole taken as the 
coordination origin for different lasers. The 
figure shows the maximum temperature rise at 
the surface of the top down to the center of the 
mole.

Figure 3: The distance from top to the center the mole taken as the coordination origin, for 
various lasers
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Figure 4 depicts T2 vs. r. This graph shows 
the reduction in temperature rise when r in-
creases.

As was clearly shown, it is evident that 
among the four laser systems studied, Alex-
andrite and Nd:Yag lasers produced the mini-
mum temperature rise at the mole contact 
with the skin, and thus are more suitable than 
Er:Yag and CO2 lasers. This underlines the 
fact that in selecting an appropriate laser for 
mole removal, both the absorption rate of the 
mole and the temperature rise distribution pro-
file should be considered.

Figure 4: The reduction in temperature rise when r increases, also for the four studied lasers
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