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Abstract 
Monte Carlo calculation of dose distribution in soft tissue phantom and determination of dosimetry parameters, 
due to a high dose rate 169Yb source have been presented in this work. Dose deposition in high gradient region, 
near the source, can only calculated accurately by Monte Carlo method. The results for this material of phantom 
can be used in treatment planning systems. The calculated dosimetry parameters for the source are in agreement 
well with the Monte Carlo and experimental results of others published literatures. We have used MCNP4C code 
for the calculation.  
Keywords: 169Yb source, MCNP code, Dose calculation  
1. Introduction 
Theoretical and experimental dosimetric studies have been supplied useful information on the dependence of the 
brachytherapy source geometry and materials (Mainegra et al, 2000). Usually, Monte Carlo method has been 
used to define dose distribution function, the radial dose variation, and the dose calculation close the source in 
brachytherapy. A number of studies have been performed that allow comparison of dosimetric results for 
ytterbium prototype seeds before clinical use (Mason et al, 1992; Perera et al, 1994). Monte Carlo calculation 
was used to characterize the distribution of absorbed dose around some commercially available sources like 125I 
seeds model 6711 and 6702, 192Ir stainless-steel and platinum-covered 3 mm seeds, 169Yb seed models 5, 6, 8 and 
X6712, and 103Pd seed by Mainegra et al. (2000). Also, Piermattei et al. have determined dosimetric 
characteristics for brachyseed 169Yb, model X1267 source experimentally (Piermattei et al, 1995). 
169Yb brachytherapy sources are used normally in prostate and breast cancer therapy (Lief, 2005). For calculating 
the effect of source shield or applicators and dose distribution usually Monte Carlo codes as MCNP, EGS4, 
GEANT are applied (Selvam et al, 2003). In this present work, we have used MCNP4C code (Briesmeister, 2000) 
to calculate relative dose in the soft tissue phantom. 
2. The 169Yb Source 
Ytterbium-169 is a source that it has been proposed as a replacement for iodine-125 in permanent implant 
brachytherapy. It has a slightly higher initial dose rate of 12.5cGy/hr and also a higher energy of 93keV, thus 
allowing more favorable dose distributions and negligible tissue self-attenuation compared with both palladium 
and iodine implants. Its disadvantage as a permanent implant material is the presence of a small (less than three 
percent) photon peak at 300keV that significantly affects the radiation protection requirements required for its 
use. 
Offsetting that disadvantage is its high specific activity, which translates into the possibility of developing 
physically small, high-activity sources as a replacement for 192Ir in temporary brachytherapy (Porter et al, 1995). 
The internal construction and dimensions of the HDR 169Yb source model X1276 is illustrated in Figure 1 
(Piermattei et al, 1995). We have assumed that the radioactive material is uniform distributed within the 169Yb 
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active core. The photons spectrum emitted per decay of 169Yb and their intensity are shown in Figure 2 (Selvam 
et al, 2003). The beta rays of the source were ignored due to their negligible chance of penetrating the titanium 
capsule. 
3. Dose calculation in water and soft tissue phantoms 
In the present work, the dose distribution has been calculated around the 169Yb source located in the center of 30 
cm ×30 cm ×30 cm water or soft tissue phantom by using tally F6:p of MCNP code (Briesmeister, 2000). Tally 
F6 has been evaluated in 0.1 mm diameter sphere cell as dose in point center of the sphere. First, along the X 
axis with 0.1 mm step and along the Y axis with 0.1 mm step, relative dose curves have been calculated. Dose at 
X=2 mm, Y=0 mm point is selected 100 as reference point in percentage depth dose (PDD) scale. Then, the 
isodose points were found by interpolate from relative dose curves. 
4. Results and discussion 
Figure 3 shows the PDD variation along the Y=0 mm and Y=3 mm which the effect of source shield is clear in 
this figure. Also, the PDD variation along the X=0.5 mm and X=2 mm are shown in Figure 4. The isodose 
curves for 100%, 75%, 50% and 25% results in water phantom are shown in Figure 5. As well as, Figure 6 shows 
the same isodose curves for the soft tissue phantom. It can be seen easily dose distribution depends to r and θ, 
distance from the center of source and polar angle, respectively. The results can be used for computation of 
model dependent parameters such as anisotropy does function. 
5. Determination of dosimetry parameters 
Radial dose function, the dose rate constant and anisotropy function, are dosimetry important parameters that 
have been determined to compare our result with which was obtained by others. According to TG43 protocol 
(Rivard, 2001; Nath et al, 1995), the absorbed dose can be expressed as: 
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where Sk is the air kerma strength, Λ  is the dose rate constant, ),r(G θ  is the geometry factor, ),r(F θ  is 
the anisotropy function, g(r) is radial dose function, t is time, and ),r( 00 θ  is the reference point. For the use of 
our simulated data in treatment planning programs based on TG43 formalism, we have extracted from our 
simulation the dosimetry parameters that appear in the following expression: 
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Computational of g(r) value against r for the 169Yb source model X1267 in water and soft tissue phantoms 
illustrated in Table 1. Moreover, Table 2 and Table 3 show F(r, θ) for water and soft tissue phantoms against θ 
obtained in this study. 
Upon comparison of F(1 cm, θ) for the 169Yb source measured or calculated by Mainegra et al (2000) and this 
work in Table 4, it is evident there was relatively good agreement over all radial distances. Also, Figure 7 shows 
good agreement for F(1 cm, θ) between the result of Piermattei et al (1995) and this study for 169Yb source. 
6. Conclusion 
Dose deposition in high gradient region, near the source, can only be calculated accurately by Monte Carlo 
method. The result can be used in treatment planning systems and also for computation of model dependent 
parameters. The calculated dosimetry parameters for the source are agree quite well with Monte Carlo result of 
Mainegra et al. (2000), Piermattei et al. (1995) which can be useful in treatment in therapeutic plan. The present 
work demonstrates a useful approach using MCNP code calculation that can be applied in many other fields. 
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Table 1. Computational of g(r) value against r with MCNP code calculation 

5 4.5 4 3.5 3 2.5 2 1.5 1 0.750.5 0.35 0.2 
Distance along transverse 

axis (cm) 

1.0671.014 1.024 1.124 1.0361.0620.9890.9970.9700.9450.963 0.971 1 Water Phantom 

0.9611.046 1.074 1.139 1.0791.0551.0170.9870.9720.9390.957 0.967 1 Soft Tissue Phantom 
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Table 2. Computational of F(r, θ) value against r with MCNP code calculation in water phantom 

r(cm) θ 

(deg) 7 6 5 4 3 2.5 2 1.5 1 0.5 

0.82710.8167 0.8024 0.78310.74080.71830.71400.68970.6697 0.648710 

0.88020.8494 0.8487 0.84540.81330.80060.80740.78950.7895 0.772720 

0.90960.9034 0.9015 0.90010.88260.88270.86520.85740.8497 0.835130 

0.95480.9458 0.9401 0.93770.93650.93610.91930.90010.8912 0.879140 

0.96780.9657 0.9641 0.95990.95820.95430.95060.94890.9471 0.942550 

0.97440.9703 0.9734 0.97880.97120.96800.96840.96230.9693 0.948760 

0.98910.9878 0.9861 0.98720.98670.98560.98990.98190.9803 0.973770 

0.99830.9977 0.9940 0.99130.99850.99750.99860.99700.9931 0.990680 

1 1 1 1 1 1 1 1 1 1 90 

 
Table 3. Computational of F(r, θ) value against r with MCNP code calculation in soft tissue phantom 

r(cm) θ 

(deg) 7 6 5 4 3 2.5 2 1.5 1 0.5 

0.86750.8508 0.8383 0.82810.80240.78370.75970.73260.7011 0.685510 

0.91240.8993 0.8800 0.85690.84880.83430.82260.81220.8016 0.801420 

0.92700.9140 0.9135 0.91390.91120.90870.89740.88630.8721 0.859930 

0.95810.9572 0.9501 0.94850.94520.93810.92570.91190.9086 0.890740 

0.97170.9720 0.9718 0.97030.96870.96420.95830.95470.9512 0.949050 

0.97590.9767 0.9773 0.97640.97820.97910.97840.97510.9724 0.954760 

0.98930.9887 0.9872 0.98690.98680.9875.98940.98300.9847 0.982270 

0.99890.9992 0.9997 0.99830.99720.99870.99810.99730.9986 0.999580 

1 1 1 1 1 1 1 1 1 1 90 
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Table 4. Comparison of the results F (1cm, θ) in this study with the result of Mainegra et al (2000) 

Distance along 

transverse axis (cm) 

10o 20o 30o 40o 50o 60o 70o 80o 

This Work 0.6697 0.7895 0.8497 0.8912 0.9471 0.9693 0.9803 0.9931 

Mainegra et. al 0.6387 0.7719 0.8523 0.9080 0.9458 0.9725 0.9901 0.9977 

 

 
Figure 1. Schematic of the X1276 169Yb source 
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Figure 2. The photon spectrum of 169Yb source is used in our simulation 
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Figure 3. PDD variation along the Y=0 mm and Y=2 mm 

 
Figure 4. PDD variation along the X=0.5 mm and X=2 mm 

 
Figure 5. The isodose curves calculated in water phantom (the reference point: X=2 mm, Y=0 mm) 
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Figure 6. The isodose curves calculated in soft tissue phantom (the reference point: X=2 mm, Y=0 mm) 

-10 0 10 20 30 40 50 60 70 80 90 100

0.5

0.6

0.7

0.8

0.9

1.0

 

 

F 
(1

 c
m

, θ
)

    θ (Degree)

 This Work

 Piermattei et al.

 
Figure 7. Comparison of the results F (1cm, θ) in this study with the result of Piermattei et al (1995) 

 
 
 


