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Determination of light absorption distribution in the prostate tissue irradiated by diffusing light source is important for the 

treatment planning. In this paper, a three-dimensional (3D) optical model of human prostate is developed, and the light ab-

sorption distribution in the prostate tissue is estimated by Monte Carlo simulation method. Light distribution patterns in-

cluding 3D distributions in the tissue model irradiated by two diffusing light sources are obtained and compared. Also, the 

impacts of length and energy of cylinder diffusing light source on the irradiance volume are demonstrated. Those results 

will be significant for the nondestructive qualitative assessments of photodosimetry in biomedical phototherapy. 
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In recent years, prostate cancer has been a serious health 

concern[1-3]. More and more attentions have been paid to the 

optical treatment of prostate cancer, including laser-induced 

interstitial thermotherapy (LITT)[4], photodynamic therapy 

(PDT)[5,6], etc. Using the interstitial light delivery technique, 

PDT has been used to treat large bulky tumors in solid or-

gans bulky tumors or organs. Since the tumors of prostate 

are often confined to the prostate itself, several preclinical 

studies have evaluated the feasibility of delivering PDT to 

the prostate via the interstitial approach[7,8]. As an efficient 

illumination scheme for cylinder-like hollow organs, such 

as prostate, the interstitial light delivery is commonly em-

ployed in their treatment method of PDT. Owing to its ad-

vantage in illuminating a larger volume of target tissue than 

conventional fibers by attaching diffusing ends, the diffus-

ing light source is widely applied in interstitial photody-

namic therapy (iPDT). As we know, the absorption of light 

in an irradiated volume is the first stage of laser-tissue inter-

action, which determines the results of a medical treatment. 

Therefore, the determination of light absorption distribution 

in biological tissue contributes to selecting strategy and 

optimizing dose for biomedical application, such as PDT of 

tumors. As to iPDT, the accurate determination of the light 

absorption distribution from diffusing light source is impor-

tant for the prediction of the outcome and the treatment 

planning, even the adjustments of laser parameters during 

irradiation.  

There are already some methods to investigate the light 

distribution from a diffuser in biotissue, but no method has 

been used for invasive measurement in prostate tissue. T. C. 

Zhu et al[9,10] used an optical fiber-based isotropic detector 

to measure light fluence rate distribution in prostate, but its 

invasive procedure cannot meet practical applications. A 

video technique was introduced to reconstruct the light 

emission profile of diffuser in phantom by Ripley et al[11], 

but this method becomes very challenging and unreliable 

when the cylindrical diffuser is applied in deep tissues, such 

as the prostate. A photoacoustic method for the non-

invasive estimation and reconstruction of three-dimensional 

(3D) light distribution produced by the cylindrical diffuser 

in biological was proposed by W. Xie et al[12]. But this 

method is still inconvenient and hard to be suitable for pros-

tate tissue. Thus, the numerical modeling is still an impor-

tant and effective way of gaining a deeper understanding of 

the complex interactions of the laser-tissue interaction proc-

ess[13,14], and the numerical method is still widely used to 

simulate light transport in tissues for various applications[15-17]. 

T. M. Baran et al[17] presented a new Monte Carlo model of 

cylindrical diffusing fibers to simulate the irradiance around 

the diffuser based on physical construction of these fibers. 

However, so far, a complex prostate tissue optical model is 

not available.  

In order to optimize the laser conditions of iPDT, the 

knowledge of absorbed light distribution in prostate tis-
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sue by diffusing light source is essential. In this paper, a 

3D complex optical model of human prostate is com-

bined with the Monte Carlo simulation method to pro-

vide the light absorption distribution by the diffuser ra-

diation in the prostate tissue. And the propagation char-

acteristics and light absorption distribution patterns in the 

tissue model respectively irradiated by a cylinder diffuser 

light source and a sphere diffuser light source are ob-

tained and compared with each other. Also, the impacts 

of length and energy of cylinder diffuser light source on 

the irradiance volume are demonstrated. 

Fig.1 is the illustration of the prostate structure and 3D 

mesh optical model of prostate by two diffusing light 

sources. As shown in Fig.1(a), the prostate looks like a 

chestnut, and the urethra is through the middle of the 

prostate. The 3D triangular mesh optical model of pros-

tate is established through programming by Matlab soft-

ware according to human prostate’s morphology, as 

shown in Fig.1(b) and (c). The triangular meshes are 

expressed as off file. Off file uses the surface of object to 

represent the geometry of the object, and then the surface 

of the object is divided into a large number of triangles. 

The prostate phantom’s transverse diameters at x-axis 

and y-axis and the height are about 2 cm, 4 cm and 3 cm, 

respectively, and its center is located at (0 mm, 0 mm, 

15 mm). In order to meet the actual surrounding situation, 

a cube tissue is used to surround the prostate model. A 

Cartesian coordinate system is used for the simulation. 

And the main optical properties at wavelength of 732 nm 

for prostate optical model[5,9] are specified as the absorp-

tion coefficient of µap=0.13 mm-1, the reduced scattering 

coefficient of 

-1

sp sp P
(1 ) 0.19 mmgμ μ′ = − = and the tissue 

refractive index of np=1.43. The optical parameters of 

surrounding cube tissue are listed as µas=0.11 mm-1, 

ss
μ′ =1.0 mm-1 and ns=1.43 at wavelength of 732 nm.  

 

 
(a) Structure of prostate 

 
(b) Sphere diffusing light                        (c) Cylinder diffusing light 

Fig.1 Prostate structure and 3D mesh prostate optical 

model by two diffusing light sources 

The simulation process is shown in Refs.[18−20]. The 

record range of light absorption distribution in the Monte 

Carlo simulation is always kept as (−15 mm, 15 mm) at 

x-axis, (−25 mm, 25 mm) at y-axis and (−10 mm, 40 mm) 

at z-axis, and the record steps in three axes are set to be 

0.3 mm, 0.5 mm and 0.5 mm, respectively. 

For modeling interstitial light delivery through the ure-

thra, a sphere diffusing light source with diameter of 

0.6 mm and a cylinder diffusing light source with height 

of 2 cm and radius of 0.3 mm are set in the middle of the 

model, respectively, as shown in Fig.1(b) and (c). The 

wavelengths of the two continuous wave (CW) lasers are 

both set to be 732 nm. The total energy of incident light 

is set as 1 J, and the total number of incident photon 

packets is 500 000.   

Light absorption distribution simulation results of two 

irradiation light sources in xz-plane and yz-plane are 

shown in Figs.2 and 3, respectively. Comparing Fig.2(a) 

with (b), it can be shown that the lateral scope of uniform 

absorbed light energy distribution within the prostate 

model irradiated by sphere diffusing light is much 

smaller than that irradiated by cylinder diffusing light. 

But its value of absorbed light energy near the center is 

larger. And the differences between Fig.3(a) and (b) are 

similar to those between Fig.2(a) and (b). But the light 

distribution range in yz-plane is much smaller than that in 

xz-plane. And it can be explained as the influence of 

boundary reflected by the photons. Since the length of 

prostate model at x-axis is smaller than the length at y-

axis, more photons are reflected at the model boundary 

of which the refractive indices are mismatched. And 

these will lead to an increased backscattering probability, 

and thus there is a rise of light absorption near the 

boundary and a larger range of uniform light absorbed 

distribution. 

 

   
(a) Sphere diffusing light                (b) Cylinder diffusing light 

Fig.2 The absorbed light energy distributions in xz-

plane produced by two light sources (The ∗ line is the 

boundary for prostate model, and two contour lines 

of light absorption energy present −5.8 J/cm
2
 and 

−7.3 J/cm
2
, respectively.) 

 

A 3D distribution in the prostate tissue can be easily 

obtained. In Fig.4(a) and (b), the 3D distributions with 

four slices in the prostate tissue for sphere diffusing light 

and cylinder diffusing light are given, respectively. Since 

the irregular structure of prostate tissue, the boundary 

area becomes smaller when x-position of slice is large. 

The 3D light absorption distributions make all light ab-
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sorption spatial distribution information in the prostate 

available. 

 

   
(a) Sphere diffusing light               (b) Cylinder diffusing light 

Fig.3 The absorbed light energy distributions in yz-

plane produced by two light sources (The ∗ line is the 

boundary for prostate model, and two contour lines 

of light absorption energy present −5.8 J/cm
2
 and 

−7.3 J/cm
2
, respectively.) 

 

 
(a) Sphere diffusing light 

 
(b) Cylinder diffusing light 

Fig.4 3D light absorption distribution in prostate tis-

sue irradiated by two diffusing light sources (The 

black line is the boundary line for prostate model.) 

 

In order to give a quantitative comparison of irradi-

ance range of two kinds of diffusing light sources, two 

contour lines of the relative light absorption energy for 

−5.8 J/cm2 and −7.3 J/cm2 are drawn in Figs.2 and 3. The 

irradiance areas at absorption energy of −5.8 J/cm2 for 

sphere diffusing light and cylinder diffusing light are 

2.175 cm2 and 2.755 cm2 in xz-plane and 1.837 cm2 and 

2.478 cm2 in yz-plane, respectively. As to the absorption 

energy of −7.3 J/cm2, the irradiance areas for two light 

sources are 7.335 cm2 and 8.274 cm2 in xz-plane and 8. 

562 cm2 and 9.568 cm2 in yz-plane, respectively. Thus, 

the irradiance volume can be calculated by summing up 

all sections. The irradiance volumes of sphere diffusing 

light and cylinder diffusing light are 2.093 cm3 and 

2.158 cm3 at absorption energy of −5.8 J/cm2, respec-

tively, and those at absorption energy of −7.3 J/cm2 are 

15.703 cm3 and 17.119 cm3, respectively. These results 

show that the irradiance range of cylinder diffusing light 

source is larger than that of sphere diffusing light source, 

when their energy is the same. 

The results of the irradiance volumes of those two 

light sources with different laser absorption energy of –

5.8 J/cm2 and –7.3 J/cm2 are shown in Fig.5. It can be 

seen that there is a rough linear increase in irradiance 

volume as the increase of laser energy. And irradiance 

volume of cylinder diffusing light source is larger than 

that of sphere diffusing light source. As we know, as the 

laser energy increases, the initial light intensity increases 

proportionally, while the optical parameters of tissue 

model remain constant. As a result, the depth z at which 

the relative absorption energy can reach –5.8 J/cm2 and –

7.3 J/cm2 will increase. Thus, the irradiance volumes of 

two diffusing light sources increase. Due to the sharp 

attenuation of light by diffusing light source, multi-fiber 

might be used to improve the incident laser energy in 

order to obtain an adequate irradiance volume. 

 

 
(a) –5.8 J/cm2 

 
(b) –7.3 J/cm2 

Fig.5 Results of the irradiance volume with respect to 

laser energy for two relative absorption energy val-

ues 

 

Likewise, the influence of length of cylinder diffusing 

light source on the irradiance volume is shown in Fig.6 for 

the relative absorption energy of –5.8 J/cm2 and –7.3 J/cm2. 
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Here, the laser energy is kept to be 1 J. Note that there is 

a linear slow increase in irradiance volume as the length 

increases in both Fig.6(a) and (b). This indicates that an 

optimal length of diffusing light should be adopted when 

the iPDT for prostate tissue is carried out. 
 

 
             (a) –5.8 J/cm2 

 
              (b) –7.3 J/cm2 

Fig.6 Results of the irradiance volume with respect to 

length of cylinder diffusing light for two absorption 

energy values 
 
In this paper, an optical model of human prostate is 

employed, which is combined with Monte Carlo simula-

tion method, to provide the light absorption distribution 

in the prostate tissue irradiated by diffusing light source. 

The impacts of length and energy of cylinder diffusing 

light source on the irradiance volume are demonstrated. 

The results show that there is a better uniform light dis-

tribution characteristic along the length of the cylinder 

diffusing light source. And the irradiance range of cylin-

der diffusing light is larger than that of sphere diffusing 

light. Moreover, laser energy and length both contribute 

to the irradiance range. The knowledge of light absorp-

tion distribution in prostate tissues might offer a refer-

ence dosage for PDT. This numerical method for a 3D 

optical model of a bio-tissue with complex structure 

combined with Monte Carlo simulation will also be use-

ful to the quantitative prediction of the light absorption 

distribution in the biomedicine. Next step, the light dis-

tribution experimental system will be established, and 

the measurement of light absorption distribution in pros-

tate tissue will be carried out from the prostate tissue 

phantom to in vitro prostate tissue. 
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