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Abstract  
 

The optical properties (absorption and reduced scattering coefficients, µa and µs’) of bovine liver tissue 

for 635 nm have been determined by using integrating sphere and inverse adding-doubling (IAD) 

techniques. For this purpose, total reflectance and total transmittance values of bovine liver tissue 

sample, which is placed between two microscope slides, have been measured by using single-sphere 

system. The measured values have been used as input parameters for IAD program to extract the µa and 

µs’ of the sample. In this study, µa and µs’ of bovine liver tissue for 635 nm have been determined to be 

0.22 mm-1 and 0.51mm-1, respectively. These values, which yield 1.44 mm penetration depth, are in good 

agreement with the ones in the literature. 
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1. Introduction  

 

Estimation of the optical energy received by the biological tissues is necessary for a successful 

treatment in medical applications. This fact makes the precise determination of the optical 

properties of the tissues very important [1]. When the light enters the tissue, it is either scattered or 

absorbed depending both wavelength of the light and the optical characteristics of the tissue. The 

optical properties are described in terms of various parameters including absorption coefficient 

(μa), the scattering coefficient (μs), the scattering anisotropy factor (g) and refractive index (n). 

Absorption and scattering coefficients are defined as the probability of a photon being absorbed 

and scattered per unit length, respectively [2]. Anisotropy factor is defined as the mean cosine of 

deflection angle due to a scattering event. In order to describe the combined effect of scattering 

coefficient and average scattering angle, reduced scattering coefficient (μs’) is used. With the help 

of the reduced scattering coefficient that is calculated by 

𝜇𝑠′ = 𝜇𝑠(1 − 𝑔),                  (1) 

the scattering property in an environment is fully expressed [3]. Since refractive indices of different 

kinds of the tissues have very closed values, it is rarely listed in the literature as an optical property. 

For example, it is known that the refractive indices of the soft tissues have values between 1.38 

and 1.42 [4]. 
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In order to obtain the optical properties of the tissues, measurement results can be analyzed by 

using different methods such as inverse Monte Carlo modelling and inverse Adding Doubling 

(IAD) methods. Although inverse Monte Carlo modelling allows to determine the light reflectance, 

transmittance and fluence rate values, it has several disadvantages such as the need for too much 

time and being a statistical method [5]. In addition, IAD is one of the general, numerical solution 

of the radiative transport equation. In this method, the optical properties are obtained by iterating 

an adding doubling solution of the radiative transport equation until the calculated values match 

the measured ones [6]. In order to obtain absorption and reduced scattering coefficients by using 

IAD method, some parameters such as total reflectance and total transmittance need to be known. 

These parameters are usually measured with integrating sphere system.  

In this study, the optical properties (𝜇𝑎 , 𝜇𝑠′) of bovine liver tissue for 635 nm have been determined 

by using integrating sphere and inverse adding-doubling (IAD) techniques. 

 

2. Materials and Method  

 

The experimental setup that is used in this study in order to determine the total reflectance and total 

transmittance is shown in Figure 1.  

 
 

Figure 1. Experimental setup; 1) Fiber optic cable 2) Collimator 3) Integrated sphere  

4) Si photodiode 5) Photodiode amplifier 

 

PDT laser system used in this study produces a constant optical wavelength of 635 nm. Although 

the device can operate in three different radiation modes (continuous, pulse and burst pulse) [7], 

only the continuous mode has been used during the experiment. To obtain a parallel light beam, 

the device is connected to a collimator using a fiber optic cable. The sphere in the system has an 

inner surface with high reflectivity and low absorption. This property enables to collect the majority 

of reflected or transmitted lights by the photodiode mounted on it. In addition to Si photodiode, a 

photodiode amplifier has been used in the experiment in order to convert the photodiode’s small 

output current to a measurable level.  

The experiments have been performed by using bovine liver tissue. After raw tissue has been kept 

at room temperature to ensure thermal equilibrium, a piece of tissue with 0.8 mm thickness has 
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been taken with a scalpel. The sample has been placed between two microscope slides in order to 

make it suitable for the experiment. The results are discussed in the following section. 

 

3. Results and Discussion 

 
 

When using the IAD software to obtain absorption and reduced scattering coefficients based, total 

transmittance (MT), total reflectance (MR) values are required. In order to determine the MT and MR 

values, the results of 6 different measurements, which are performed by using the integrated sphere 

system, are needed.  

 

3 of the measurements are performed for MT. Dark background measurement (Tblock) is made by 

shutting down all the ports of the integrated sphere. The measured value after the port on the side 

where the light comes from is opened is called T0. Then, by placing the tissue sample in front of 

the open port, transmittance value of the sample (Tsample) is measured. Finally, MT value is 

calculated by using these measurement results and the equation; 

 

𝑀𝑇 =
(𝑇𝑠𝑎𝑚𝑝𝑙𝑒−𝑇𝑏𝑙𝑜𝑐𝑘)

(𝑇0−𝑇𝑏𝑙𝑜𝑐𝑘)
                     (2) 

 

Similar to the MT, 3 different measurements are made for MR. In addition to the port on the side 

where the light comes from, the port at the opposite side is opened. Measured value for this case is 

recorded as R0. Rstd and Rsample have been measured by replacing a standard reflector (99%) and 

tissue sample next to the second port, respectively. Then, MR value has been calculated by using 

the equation;   

 

𝑀𝑅 = 𝑟𝑠𝑡𝑑
(𝑅𝑠𝑎𝑚𝑝𝑙𝑒−𝑅0)

(𝑅𝑠𝑡𝑑−𝑅0)
                                                                  (3) 

 

where rstd value has been accepted to be 0.99. In addition to MR and MT values, some other quantities 

such as port diameter, tissue thickness and refractive index are used as the input parameters for the 

IAD software in order to obtain the optical parameters.  

 

In this study, absorption and reduced scattering coefficients of bovine liver tissue have been 

determined to be 0.22 mm-1 and 0.51mm-1, respectively. These values are quite compatible with 

the experimental results available in the literature. Absorption and reduced scattering coefficients 

of different kinds of liver tissues, together with the optical penetration depth, from various 

experiments are given in Table 1.  
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Table 1. Absorption and reduced scattering coefficients of liver tissues  

 
 a (mm-1) s

’ (mm-1) δ (mm) Ref. 

Rat 0.22 0.88 - [8] 

Rat 0.65 0.71 - [9] 

Porcine 0.65 0.73 - [8] 

Goat 1.23 0.98 - [8] 

Human 0.23 10.02 - [10] 

Bovine 0.32 0.52 - [11] 

Bovine 0.27 0.52 - [12] 

Bovine - - 1.67 [13] 

This Study 0.22 0.51 1.44  

 
 

 

According to the diffusion approximation, the optical penetration depth (δ) can be calculated by 

using the absorption and reduced scattering coefficients according to the equation of; 

 

𝛿 = 1
√3. 𝜇𝑎(𝜇𝑎 + 𝜇𝑠

′ )⁄                      (4) 

 

The optical parameters estimated in this study gives that the optical penetration depth in bovine 

liver tissue is 1.44 mm for 635 nm wavelength. This result agree with the one from our previous 

study [13], in which the measurement results was analyzed by using Beer-Lambert law. 
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