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Abstract 

Purpose: Motorized or dynamic wedge is routinely used 
nowadays to facilitate the work and reduce time on the 
treatment machine. However, this will necessitate keeping the 
Multileaf collimator (MLC) direction parallel to the chest wall. 
The aim of our work is to study the effect of Multileaf 
collimator in the perpendicular (┴) or parallel(//) direction on: 
target volume coverage, dose homogeneity, and dose to risk 
structures in the setting of postoperative radiotherapy in breast 
cancer patients treated conservatively. 
Methods and Materials: Twenty five breast cancer patients 
treated by breast conservative surgery referred for 
postoperative radiotherapy were included in this study. For 
each patient two different plans were done; one with the MLC 
direction parallel to the chest wall (using the dynamic or 
motorized wedge) and a second plan with the MLC direction 
perpendicular (using a physical static wedge). Parameters that 
might affect planning outcome were studied included: PTV 
volume, Mid Lung distance (MLD), Maximum heart distance 
(maximal thickness of heart irradiated), Volume of the lung 
irradiated with 20Gy (V20), dose to the contralateral breast, 
Conformity index (CI) and Homogeneity Index (HI).  
Results:The Mean PTV volume for the whole group is 1066cc 
(range = 243-2063cc). Conformity indices for the vertical MLC 
direction was better 1.39 vs 1.43 (p=0.03). Homogeneity 
indices were identical in both MLC directions. The use of 
perpendicular MLC direction resulted in significantly better 
mean V20 for the left lungs, compared to plans with the MLC 
in parallel position, 12.9Gy versus 14.78Gy (p=0.001). 
Maximum dose and volume of the contralateral breast 
receiving 5Gy was more with the use of dynamic wedges 7.49 
vs 4.8 Gy, 2.5 Vs 1.9Gy however this difference was not 
statistically significant. 
Conclusion: Use of MLC direction perpendicular to the chest 

wall significantly improved lung dose compared to opposite 
direction with some compromise to conformity Index. Patients 
with large mid-beam separation and less convex chest wall may 
get more benefit without target volume compromise.  
 
Introduction 

Radiotherapy is a main component in the management of 
breast cancer patients. It improves locoregional control as well 
as survival [1, 2]. Toxicity to normal structures still a concern 
as it may counterbalance the survival effect [3, 4]. The Multileaf 
collimator (MLC) is used almost routinely to shape the beam 
and protect normal structures. However, the direction of the 
dynamic or motorized wedges in the treatment machine 
necessitate keeping the MLC in a direction parallel to the chest 
wall, which may not be suitable in some patients to protect the 
heart and lung in a perfect way. The aim of our work is to 
study the effect of collimator direction during the use of 
dynamic/motorized wedges versus the perpendicular direction 
with the use of physical wedge, to find out which patient 
suitable for which direction. 
 
Methods and Materials 

Patient data sets 
Twenty five patients with left breast cancer treated by breast 
conservative surgery referred for postoperative radiotherapy 
were included in the study. For each patients two plans were 
created; one with the MLC perpendicular to the chest wall 
(using static wedges) and a second with the MLC parallel to the 
chest wall (using dynamic/motorized wedge). Energy used was 
6MV/10MV according to the patient separation. MLC width is 
1 cm projected at the isocenter. The planning target volume 
(PTV) comprised the breast glandular tissue, including the 
outer one-half of the ribs, but excluding the outermost 4 mm 
from the superficial skin surface. The heart was defined as all 
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visible myocardium, and pericardium from the apex to the 
right auricle, atrium, and infundibulum of the ventricle. The 
pulmonary trunk, root of the ascending aorta, and superior 
vena cava were excluded. For simplicity two tangential fields 
were used without a supraclavicular/internal mammary field to 
avoid its effect on the heart and lung dose. Patients were 
divided into small or large volume group with a PTV volume 
<1000cc3 or >1000cc3 respectively.  
 
Comparison of treatment techniques 
We compared the 3D conformal tangents (optimized wedge 
angle/wedge orientation) with The MLC in parallel with the 
chest wall routinely used in our department, with the MLC 
perpendicular to it. Both plan sets were generated on Eclipse 
V.7.6 (Varian, USA). For a Varian linear accelerator with a 
multileaf collimator. The dose calculation was determined 
using a pencil beam algorithm. Evaluation was performed for a 
total dose of 50Gy prescribed/delivered as the mean dose to 
the PTV for both plans this prescription mode facilitated the 
comparison.  
 
The plans were then compared with respect to target volume 
coverage and conformity using the conformity index defined as 
CI = TV95%/PTV95%, the dose to the organs at risk ( heart, 
left lung, contralateral [right] breast), dose homogeneity [(D2%
-D98%)/D50%]. Central lung distance (CLD) was measured 
from the lung edge  to the field border at the central axis. The 

Maximum heart distance (MHD) was measured as the 
maximum width of the heart in the field.  
 
Statistical Methods 
Data analysis was done using statistical software SPSS version 
16. 
 

Results 

Table 1 provide an overview of the relevant patients - plan 
parameters (reported as a mean, median, minimum and 
maximum). The Mean PTV volume for the whole group is 
1066cc (range = 243-2063cc), mean mid beam separation was 
25cm, maximum heart distance mean = 1.8cm. Central lung 
distance was almost equal for both collimator directions. 
Numerically V30 for the heart was better for plans with MLC┴ 
however difference didn't reach statistical significance, still the 
mean heart doses were equal. Conformity indices for the 
vertical MLC direction was better 1.39 vs 1.43 (p=0.03). 
Homogeneity indices were identical in both MLC directions. 
The use of perpendicular MLC direction resulted in 
significantly better mean V20 for the left lungs, compared to 
plans with the MLC in parallel position, 12.9Gy versus 
14.78Gy (p=0.001). Maximum dose and volume of the 
contralateral breast receiving 5Gy was more with the use of 
dynamic wedges 7.49 vs 4.8 Gy, 2.5 Vs 1.9Gy however this 
difference was not statistically significant. 

Table1. Overall patients - plan parameters  

 Plan Mean (SD) Median Minimum Maximum p-value 

PTV volume (cm3) MLC┴/ MLC// 1066(±563) 1018 243 2063  

Mid beam separation MLC┴/ MLC// 25.3(±3.4) 24.8 15.7 34.2   

CLD MLC┴ 2.05(±0.47) 2.00 1.40 2.92   

  MLC// 2.13(±0.55) 2.00 1.40 3.67 0.157 

MHD MLC┴/ MLC// 0.32(±0.60) 0.00 0.00 1.85   

Right Breast(Gy) MLC┴ 0.96(±0.51) 0.74 0 2.9  

 MLC// 1.05(±0.67) 0.6 0 2.78 0.75 

V20 lung(%) MLC┴ 12.91(±4.10) 12.45 6.12 24.70   

  MLC// 14.78(±3.68) 14.90 7.24 22.06 <0.001 

V30 heart(Gy) MLC┴ 1.95(±2.78) 0.37 0.00 9.58   

  MLC// 2.49(±2.82) 1.05 0.00 7.70 0.088 

Mean heart dose(Gy) MLC┴ 3.15(±2.08) 2.67 0.74 7.26  

  MLC// 3.17(±2.16) 2.78 0.23 7.76 0.864 

Conformity Index MLC┴ 1.39(±0.22) 1.35 1.16 2.00   

  MLC// 1.43(±0.23) 1.37 1.15 2.07 0.033 

Homogeneity Index MLC┴ 0.16(±0.03) 0.16 0.10 0.24   

  MLC// 0.16(±0.04) 0.16 0.11 0.26 0.858 

SD: Standard deviation, CLD: Central Lung Distance, MHD: Maximum  Heart Distance 
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Subgroup of Patients 
No difference could be detected for PTV coverage in both 
plans (95% of the volume covered by 95% of the dose which 
was a predefined plan requisite), whether the PTV volume is 
more than 1000cc or less than 1000cc (table 2 and 3). Also 
there was no difference in conformity or dose homogeneity 
indices. In patients with large mid-beam separation >25cm 
(table 4), mean V20 for the Left lung was still better for MLC┴ 
[(11.7% (± 4.77)] when compared to MLC// [(14.16%(±3.82)], 
(p= 0.023). Dose to the contralateral right breast was almost 
equal for both collimator direction. 

Discussion 

Postoperative breast radiotherapy is usually delivered using two 
tangential fields techniques, with or without wedges. The use 

of dynamic or motorized wedge is almost routine in the daily 
clinical practice, however to our knowledge no single study 
addressed the difference in plan parameters with the use of 
these wedges or compared it to physical wedges. Physical 
wedges may increase the time on the treatment machine and 
may increase scattering dose to the contralateral breast when 
compared to dynamic wedge[5]. Ikner and colleagues examined 
inhomogeneity with and without the medial wedge and they 
found that in patients with chest wall separations ≤ 22 cm, 
treatment without the medial wedge is feasible, sparing the 
contralateral breast dose with little compromise to 
inhomogeneity in the treated breast[6]. Dose to the 
contralateral breast is usually of concern to avoid the risk of 
second malignancy [7, 8], in our group of patients there was no 
difference in the dose to the contralateral breast in both MLC 

Table 2: Plan parameters for patients with PTV volume > or ≤1000cc  

Volume of PTV 
(cm3) 

 Risk 
structure 

  N 
Mean Gy 

(SD) 
Median 

Gy 
Minimum  

Gy 
Maximum 

Gy 
p 

value 

>1000 V20 lung MLC┴ 13 13.19(4.63) 12.37 6.12 24.70 
0.081 

   MLC// 13 15.21(3.17) 15.00 10.07 22.06 

  V30 heart MLC┴ 13 2.19(3.05) 0.37 0.00 9.58 
0.724 

   MLC// 13 2.68(2.92) 1.05 0.00 7.30 

  
mean 

heart dose 
MLC┴ 13 3.23(1.96) 2.75 1.15 7.10 

0.880 
   MLC// 13 3.21(1.96) 2.78 1.02 5.76 

Volume of PTV 
(cm3) 

Risk  
structure 

  N 
Mean Gy 

(SD) 
Median 

Gy 
Minimum 

Gy 
Maximum 

Gy 
p 

value 

≤1000 V20 lung MLC┴ 12 12.62(3.61) 12.79 6.85 18.50 
0.198 

   MLC// 12 14.32(4.26) 14.62 7.24 20.15 

  V30 heart MLC┴ 12 1.70(2.56) 0.56 0.00 8.40 
0.713 

   MLC// 12 2.28(2.82) 0.85 0.00 7.70 

  
mean heart 

dose 
MLC┴ 12 3.06(2.30) 2.50 0.74 7.26 

0.977 
   MLC// 12 3.13(2.45) 2.85 0.23 7.76 

Table 3: Conformity Index and Homogeneity Index in patients with PTV volume > or ≤ 1000cc  

Volume of PTV 

(cm3) 

Risk  

structure 
  N 

MeanGy  

(SD) 

Median 

Gy 

Minimum 

Gy 

Maximum 

Gy 
pvalue 

≤1000 V20 lung MLC┴ 12 12.62(3.61) 12.79 6.85 18.50 
0.198 

   MLC// 12 14.32(4.26) 14.62 7.24 20.15 

  V30 heart MLC┴ 12 1.70(2.56) 0.56 0.00 8.40 
0.713 

   MLC// 12 2.28(2.82) 0.85 0.00 7.70 

  
mean heart 

dose 
MLC┴ 12 3.06(2.30) 2.50 0.74 7.26 

0.977 

   MLC// 12 3.13(2.45) 2.85 0.23 7.76 
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directions.  We demonstrated that patients' separation may be 
an important factor that make us use the physical wedge with 
the MLC perpendicular to the chest wall rather than parallel, as 
it gives us better V20 for the ipsi-lateral lung without any 
difference detected in the dose conformity or homogeneity. 
V20 is more accurate in the prediction of radiation 
pneumonitis (RP)[10, 11]. Lind et al [9]assessed technical and 
clinical factors associated with RP; results from the univariate 
analyses showed that there was an increased incidence of 
moderate RP among patients treated with local-regional RT 
technique which included a supraclavicular field. We didn’t add 
a supraclavicular field for our patients to nullify its effect on 
the lung dose. Another factors associated with radiation 
pneumonitis was the central lung distance 32 mm compared to 
25 mm, in our patients CLD was almost the same, as we don’t 
accept more that 2.5 cm in the lung in any plan, in our results 
the use of MLC perpendicular to the chest wall resulted in 
better V20, which may reduce the incidence of pneumonitis or 
at least may result in lower V20. As the number of patients in 
our study will never represent all 
 
patients, we do recommend to try a plan with the MLC┴ in 
cases with large chest wall separation as well as patients with 
high V20 that the physician think it's worth reducing it.  

Conclusion 

Our study shows that although dynamic wedges can 

be used almost in all patients however there may be 

a group of patients with large mid separation who 

benefit more from the use of physical wedges more 

than dynamic wedges.  
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Table 4: Plan parameters for patients with mid beam separation ≤25cm or >25cm: 

Plan     

Mid beam separation 

Parameter      <25cm (n=14) >25cm (n=11) 

MeanGy (SD) MeanGy (SD) p-value 

MLC┴ V20 lung 13.87(±3.35) 11.70(±4.77) 0.027 

MLC// V20 lung 15.27(±3.62) 14.16(±3.82) 0.274 

MLC┴ V30 heart 2.09(±2.07) 1.78(±3.59) 0.235 

MLC// V30 heart 3.18(±2.87) 1.61(±2.62) 0.193 

MLC┴ mean heart dose 3.53(±2.07) 2.66(±2.09) 0.286 

MLC// mean heart dose 3.79(±2.33) 2.39(±1.71) 0.125 

MLC┴ conformity index 1.40(±0.24) 1.37(±0.19) 0.934 

MLC// conformity index 1.48(±0.27) 1.37(±0.15) 0.273 

MLC┴ homogeneity index 0.16(±0.03) 0.16(±0.04) 0.761 

MLC// homogeneity index 0.17(±0.04) 0.16(±0.03) 0.804 
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