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Background: To evaluate the dosimetric difference 
between conventional and three-dimensional         
conformal Radiotherapy (3D-CRT) using 6 and 18 MV 
X-ray photons. Materials and Methods: Computed 
tomography scans of 26 pelvic patients were         
acquired and transferred to the 3D treatment        
planning system. For each patient, 8 Conventional 
plans (3, 4, 5 and 6 Fields) and one 3D-CRT plan 
were prepared using 6 and 18 MV photon energies. 
The minimum dose (Dmin), maximum dose (Dmax) and 
mean dose (Dmean) to target (PTV) and organs at risk 
(OAR), Integral dose, Homogeneity Index and         
Conformity Index were compared for each plan. Also, 
Experimental measurements were performed using 
farmer ionization chamber on a patient based pelvic 
phantom. Results: On Average, six-field (6F1) plans, 
offer minimum dose to critical organs and sufficient 
dose to prostate. Increasing the beam energy lead to 
a decrease in Dmean of the bladder and femoral 
heads, as well as Dmax of PTV. The CI and ID were  
decreased by 4% and 11% respectively with              
increasing the energy and the number of beams.  
Experimental measurements were also in good    
agreement with calculations. 3D-CRT reduced Dmean 
of bladder, rectum and femoral heads and also CI 
and ID were significantly improved by 44.6% and 
30.8%, respectively. Conclusion: Increasing the         
photon energy and number of beams, improve the 
treatment parameters of bladder, femoral heads and 
PTV, except the rectum. 3D-CRT offered the most  
conformity in the delivery doses to the prostate while 
sparing dose to OARs, uninvolved structures with  
lower integral dose. Iran.	J.	Radiat.	Res.,	2012;	10(3‐4):		
145‐150 
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INTRODUCTION 
 

3D conformal radiation therapy (3D-CRT) 
is now routinely used at most radiotherapy 
centers. However, the complexity of such 
techniques leads to high maintenance costs 

and significant downtime.  
There are several reports that have        

compared the difference between               
conventional and 3D-CRT techniques (1-6) or 
in various treatment plans (7-10) at different 
energies (7, 11, 12). A number of studies have 
used a series of new dosimetric parameters 
in their comparison such as Integral dose 
(ID), conformity index (CI) and homogeneity 
index (HI) (3, 11-16). 

Despite of these reports, the choice of the 
optimal energy and treatment plans with 
respect to dose to organs at risk (OARs) 
such as rectum, bladder and femoral heads, 
and Planning target volume (PTV) using 
above parameters, have not been properly 
assessed.  

In this study, we investigated the           
differences between dosimetric parameters 
from dose–volume histograms (DVHs) of the 
PTV and OARs in patients with prostate 
cancer: firstly at 6 MV and 18 MV linac  
photon energies; and secondly in 3D        
conventional versus conformal treatment 
plans. 
 
MATERIALS AND METHODS 

 
Patient selection and target definition 

The computed tomography (CT) scans of 
twenty six patients who were treated with 
external beam radiation therapy for          
localized prostate cancer were obtained.  
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The 3D treatment planning system 
(RTDosePLAN, Math Resolutions, Colum-
bia, USA) was used to contour all of the 
structures and to compute the dose distribu-
tion for plans based on the convolution/
superposition algorithm. To create the         
planning target volume (PTV), 10 mm       
margin was added to the prostate plus        
seminal vesicles in all directions, except for 
the posterior where a 5 mm margin was 
added. OARs including bladder, rectum and 
femoral heads were delineated on the         
Planning CT images as full organs. Howev-
er, the prescription dose was varied for each 
patient, 2 Gy per fraction was delivered.   

 
Treatment plans 

Considering all the beam arrangements 
used in the literature, eight conventional 
treatment plans were created (figure 1) and 
optimized for each patient using beam’s eye 
view (BEV) technique at 6 MV energy to  
cover PTV by the 95%  isodose as shown in 
table 1.  The same plans were applied at 18 
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MV using Varian Clinac 2100C accelerator 
(Varian Inc., Connecticut, USA). Finally, 
based on the ICRU recommendation report 
No. 50 and 62 (17, 18), one 3D conformal  
treatment plan was obtained and compared 
with conventional treatment plan.  
 
Comparison of different treatment plans 

Analytical comparisons were performed 
among the plans. As noted earlier, these  
parameters were: the minimum, maximum 
and mean dose to volumes of interest (Dmin, 
Dmax and Dmean) for bladder, rectum and 
femoral heads, ID, CI and HI. Although, ID 
is the mean dose times the volume              
irradiated to any dose (11), following equation 
was used (14):   

 
  (1) 
 

Where the Di, Vi and ρi are dose, volume and 
density of a given voxel respectively. The CI, 
the ratio of the volume of total tissue       
receiving at least 95% (V95) of the           
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Figure 1. Beam arrangements of various treatment plans: a) 3F1, b) 3F2, c) 4F1, d) 4F2, e) 5F1, f) 5F2, g) 6F1, h) 6F2. 

Table 1. Average gantry angle and beam’s weight of various treatment plans. 

plan 
Gantry Angle (Average Weight from 200 cGy) 

beam1  beam2  beam3  beam4  beam5  beam6 

Three‐fields 
3F1  0(80)  90(60)  270(60)          

3F2  0(100)  115(50)  245(50)          

Four‐fields 
4F1  0(80)  90(45)  180(30)  270(45)       

4F2  50(55)  100(45)  260(45)  310(55)       

Five‐fields 
5F1  0(80)  90(45)  110(20)  250(20)  270(45)    

5F2  0(70)  70(35)  110(25)  250(25)  290(35)    

Six‐fields 
6F1  50(30)  90(45)  110(25)  250(25)  270(45)  310(30) 

6F2  0(60)  70(35)  110(25)  180(20)  250(25)  290(35) 
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prescribed dose (VPTV) to the volume of PTV 
was defined as (19-21): 
 
   (2)  

   
And, HI was defined as the ratio of            
maximum dose to the prescribed dose for 
the PTV:  
 
      (3)  
 
Anthropomorphic phantom 

An anthropomorphic pelvic phantom has 
been designed and fabricated for imaging, 
treatment plans and dosimetry applications. 
Its configuration was based on CT slices  
obtained from a patient study. Individual 
slices were machined with corresponding 
contours of the Prostate, Bladder, Rectum 
and Pelvic bone. The phantom was made of 
Polymethyl - methacrylate (PMMA), while 
the pelvic bone and femurs were made of 
bone equivalent material, polytetrafluoro-
ethylene (PTFE). Cylindrical grooves were 
machined in the phantom to allow          
placement of ionization chambers for           
dosimetry of prostate, bladder, rectum and 
femoral heads (figure 2). The phantom is 
being used to verify and evaluate the result 
of treatment plans.  
 
Statistical analysis 

Two-tailed paired t-test (1, 12, 14) was           
applied to compare the mean of the different 

measurements of the plans. A p-value of 
<0.05 was considered to be significant in the 
various comparisons. 

RESULTS  
 

The mean volumes of bladder, rectum, 
femoral heads and PTV were 204.3 (range 
43-711) ml, 71.9 (range 28-173) ml, 150.6 
(range 84-199) ml and 83.8 (range 44-193) 
ml, respectively. The mean age of patients 
was 57 years (range 44-63). All the plans 
were clinically equivalent in terms of PTV 
coverage. 
  
Comparison between different convention-
al treatment plans 

In table 2, the dose statistics for each 
OARs and PTV are listed for all 8                 
conventional treatment plans for 6 MV         
energy. The 4F2 and 6F1 plans, which use 
anterior oblique beams, appeared to            
deliver a lower mean dose to bladder 
(BDmean=118.7±8.0 cGy, 120.1±7.9 cGy,        
respectively), while the 3F2 and 6F2 plans, 
with no lateral beams resulted in a          
lower mean dose to femoral heads 
(FDmean=51.4±9.4 cGy, 63.4±8.2 cGy,             
respectively), compared with the other 
treatment plans. The 5F1 and 6F1 plans, 
which use posterior oblique beams instead 
of posterior beam, delivered a lower mean 
dose to rectum (RDmean=90.0±8.6 cGy, 
88.3±8.3 cGy, respectively) and better maxi-
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Figure 2. Heterogenic anthropomorphic pelvic phantom and its Inserts. 
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mum dose to the PTV (RDmax=208.3±0.6 
cGy, 208.0±0.5 cGy, respectively) as well as 
a more uniform dose to the PTV, with HI of 
1.04±0.01 for both of them. In contrast, the 
PTV homogeneities for the other techniques 
were relatively worse. Our observations 
showed that in the plans with more beams, 
conformity would be better and decreases 
from 4.53 for 3F1 to 4.11 for 6F2 gradually.  
 
Comparison of 18 MV versus 6 MV            
treatment plans 

Dosimetric parameters for the OARs and 
PTV at 18 MV energy are shown in table 3. 
By increasing the energy of beam to 18 MV, 
the 4F2 and 6F1 plans provided 28.9% and 
39.7% reduction for RDmin compared to the 
other techniques (figure 1). Although, the 
mean dose to the femoral heads had 8.4% 
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Table 2.  Mean ± standard deviation (in cGy) of dosimetric parameters for OARs and PTV in different plans at 6 MV energy. 

6MV  3F1  3F2  4F1  4F2  5F1  5F2  6F1  6F2 

Bladder 
BDmin  42.2±23.2  45.6±20.2  48.7±21.4  15.6±5.8  34.1±15.8  37.1±19.8  16.8±7.5  37.3±17.2 

BDmax  214.3±1.6  207.1±1.4  207.5±0.6  207.2±1.3  205.6±0.5  210.5±1.1  205.8±0.6  208.9±1.3 

BDmean  138.7±8.2  145.6±9.0  142.2±8.5  118.7±8.0  134.1±8.1  131.4±7.8  120.1±7.9  132.6±8.1 

Rectum 
RDmin  43.3±6.3  44.4±6.7  47.3±8.5  23.9±4.2  32.8±4.9  31.7±4.9  26.7±5.5  34.5±5.8 

RDmax  197.0±2.6  203.6±2.8  198.4±1.6  201.7±2.3  200.3±2.3  198.0±1.8  200.5±2.6  199.7±2.4 

RDmean  102.9±10.7  106.0±9.9  98.1±9.3  101.0±9.4  90.0±8.6  97.8±8.8  88.3±8.3  101.6±9.8 

Femoral 
heads 

FDmin  26.4±11.9  10.1±2.9  21.7±11.1  11.9±3.3  25.4±9.6  14.6±3.4  27.7±9.2  12.8±6.4 

FDmax  154.5±7.6  120.7±10.0  135.1±4.4  158.9±17.4  145.3±6.2  149.9±10.5  163.6±13.1  130.8±8.9 

FDmean  115.8±10.0  51.4±9.4  101.2±8.3  66.5±11.1  130.8±20.2  73.2±10.1  109.1±8.6  63.4±8.2 

PTV 

PDmax  216.1±1.4  209.8±0.8  209.0±0.5  210.7±1.0  208.3±0.6  213.2±1.1  208.0±0.5  211.5±1.0 

CI  4.53±1.01  4.53±1.11  4.66±0.99  4.62±1.09  4.17±0.89  4.26±0.93  4.27±0.97  4.11±0.89 

HI  1.08±0.03  1.04±0.02  1.04±0.01  1.05±0.02  1.04±0.01  1.07±0.02  1.04±0.01  1.06±0.02 

dose reduction with 18 MV relative to 6 MV 
for all plans consistently; as well as              
maximum dose of PTV; no generalities can 
be drawn regarding mean dose to the              
rectum with increasing the energy except 
4F2 and 6F1 (tables 2 and 3). 

Analyzing the results (tables 2 and 3) 
showed that on average, the CI and HI were 
improved 4% and 1% with increase in             
energy to 18 MV, respectively. The integral 
dose to normal tissues and uninvolved 
structures (table 4) was significantly         
decreased with increasing the energy and 
the number of applied beams. 
 
Comparison of conformal versus                 
conventional plans 

For 13 patients 6F1 plan was chosen as a 
final plan respect to doses to OARs specially 

Table 3. Mean ± standard deviation (in cGy) of dosimetric parameters for OARs and PTV in different plans at 18 MV energy. 

18MV     3F1  3F2  4F1  4F2  5F1  5F2  6F1  6F2 

Bladder 
BDmin  32.5±18.7†  36.8±18.9†  42.5±21.0†  8.4±4.0†  32.6±17.7  27.3±14.2  11.9±7.6†  32.7±17.3† 

BDmax  212.3±1.9  205.6±1.0†  206.5±1.1  205.3±0.8†  204.6±0.4†  207.9±0.9†  204.6±0.4†  206.4±0.8† 

BDmean  134.3±8.6†  141.0±9.2†  137.9±8.8†  113.8±8.2†  130.3±8.4†  127.3±8.0†  116.7±8.3†  130.6±7.8 

Rectum 
RDmin  41.3±9.2  37.5±7.2†  40.9±8.7†  17.0±4.3†  27.8±5.1†  24.9±5.1†  16.1±2.9†  30.9±6.5 

RDmax  199.8±3.2  201.9±1.6†  198.7±1.4  201.4±1.9  199.2±2.8†  199.2±1.2†  200.5±1.6  200.0±1.3 

RDmean  104.1±11.1  104.9±9.6†  96.5±9.4†  99.3±9.0  88.5±8.3†  97.8±8.7  87.3±8.2†  101.9±9.9 

Femoral 
heads 

FDmin  22.1±11.6  6.3±2.1†  17.6±11.1†  14.4±18.9†  21.8±9.0†  10.0±3.5†  22.6±8.6†  9.8±5.9† 

FDmax  133.6±7.8†  109.5±9.0†  115.1±3.4†  151.1±19.9†  135.3±6.1†  142.5±12.4†  158.5±14.4†  123.8±8.8† 

FDmean  106.8±10.1†  45.7±9.1†  91.6±7.7†  59.2±11.2†  130.8±20.2†  65.9±8.6†  99.9±8.8†  57.4±7.6† 

PTV 
PDmax  214.6±2.0  208.3±0.6†  207.3±0.4†  208.5±0.8†  206.6±0.4†  210.5±0.8†  206.7±0.4†  208.9±0.9† 

CI  4.33±1.25  4.31±1.05†  4.52±0.46†  4.46±1.06†  3.95±0.90†  4.06±0.82†  4.07±1.07†  4.00±0.85† 

HI  1.07±0.04  1.04±0.01†  1.04±0.01†  1.04±0.02†  1.03±0.01†  1.05±0.02†  1.03±0.01†  1.04±0.02† 

†, indicating the p-value < 0.05 in comparison with 6 MV energy 
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rectum and for other 5F1 was applied.            
Conformal plan using multi leaf collimator 
(MLC) was created for each patient. In        
comparison with conventional plans,             
conformal planning reduced minimum dose 
to bladder, rectum and femoral heads by 
57.3%, 44.4% and 55.6%, respectively. In 
addition, the mean dose to OARs decreased 
by 32.4%, 16.9% and 20.2%, respectively. 
For the HI, the difference due to 3D-CRT 
was significant but small, while the CI and 
ID were significantly improved by 44.6% 
and 30.8%, respectively. 
 
Experimental measurements 

In order to assess the value of planning 
results, the measurements were performed 
for a 5F1 treatment plan using Farmer ioni-
zation chamber (PTW, Freiburg, Germany) 
at desired points in the anthropomorphic 
pelvic phantom. Relative differences         
between calculated and measured doses 
were 1.4%, 0.0%, 3.0% and 5.0% for         
prostate, bladder, rectum and femoral 
heads, respectively.  
 
DISCUSSION 
 

In this study, we compared the                     
dosimetric parameters of different               
treatment plans. With careful planning in 
regard to choice of beam angles, beam 
weighting, and recognition of potential          
exposure of normal tissues to exit dose, our 
study showed that with an accurate beam 
arrangement, even with low energy beams, 
we were able to improve target dose            
conformity, critical tissue sparing, and          
reduction of integral dose. Based on our         
result, 6F1 provided lower dose to the         
rectum and bladder because of two set of 
oblique fields that put them out of radiation 

fields. Although, high dose to femoral heads 
due to two lateral fields is still a problem, 
low lateral beam’s weight would be                 
eliminated. In agreement with observations 
published by Aoyama et al. (11) our result 
showed that high energy beam plans              
resulted in lower normal tissue integral 
dose than low energy plans. On the other 
hand, Mackie et al. (15) showed that the        
integral dose for high energy beams is          
almost equal to low energy beams, because 
the reduction due to entrance buildup was 
nearly offset by the higher exit dose and the 
need for a larger field boundary margins for 
high-energy beams. In contrast with our   
result they showed that the integral dose 
does not depend on the number of beams 
used. We have demonstrated that by        
increasing the number of beams the rate of 
reduction of ID due to high energy used was 
decreased.  

Ashman et al. (1) concluded that in         
Comparison with conventional 2D planning, 
conformal planning for whole pelvic              
radiotherapy resulted in significant reduc-
tions in the doses delivered to the rectum 
and bladder in agreement with our results 
that shows 3D conformal treatment            
planning provided great reduction of dose to 
OARs and normal tissues in addition to the 
improvements in CI and ID. 

In conclusion, the 6F1 treatment plan in 
comparison to other plans offers minimum 
dose to critical organs and sufficient dose to 
prostate. Increasing the photon energy,         
improves the dosimetric parameters of    
bladder, femoral heads and PTV, but no  
statistically significant differences for          
radiation dose to the rectum were observed. 
By increasing the number of beams, one can 
compensate the low energy defect.         
Compared with conventional treatment 
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Table 4. Mean ± standard deviation (in Gy.Kg) of integral dose in different plans at two energies. 

ID  3F1  3F2  4F1  4F2  5F1  5F2  6F1  6F2 

6 MV  6.10±1.29  5.68±1.21  5.63±1.16  5.98±1.11  5.80±1.09  6.01±1.08  5.97±0.96  5.58±1.03 

18 MV  5.34±1.20†  4.92±1.05†  4.87±1.01†  5.17±0.97†  5.05±0.90†  5.23±0.99†  5.19±0.87†  4.95±0.99† 

†, indicating the p-value < 0.05 in comparison with 6 MV energy 
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techniques, 3D-CRT offered the most            
conformity in the delivery of tumoricidal 
doses to the prostate while sparing dose to 
critical, uninvolved structures with lower 
integral dose. With increasing interest in 
inverse planning and IMRT techniques and 
requirement to have the number of beams, 
it’s recommended to apply 5 or 6 field plans 
as the first choice. 
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