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Introduction To evaluate the dosimetric effect of photon energies on fixed field 
intensity-modulated radiotherapy (IMRT) and dual arc (DA) planning and to compare 
the dosimetric differences between conventional IMRT and DA radiotherapy planning.
Materials and Methods IMRT and DA plans were generated for 15 patients having 
cervical cancer using different photon energies. IMRT and DA plans were generated 
using seven fields and double arcs, respectively. Dosimetric comparison was done in 
terms of planning target volume (PTV) coverage, sparing of organ at risk (OAR), homo-
geneity index (HI), conformity index (CI), and monitor units (MUs). Photo- neutron 
(energy ≤10MV) contribution was not considered for this study. Near region (NR) and 
far region (FR) were contoured to evaluate the dose deposited in nontarget area.
Results No significant difference was observed (p > 0.05) in PTV coverage for 
 conventional IMRT and DA; however, 6 MV yielded significantly better coverage over 
15 MV (p < 0.05) for both the treatment modalities. Mean bladder dose was  significantly 
more for conventional IMRT compared with DA. For rectal mean dose, p-value was non-
significant for IMRT in comparison to DA, while significant difference was observed for 
change in photon energies for both treatment modalities respectively, except for 10 MV 
versus 15 MV DA plans. Significant improvements in HI (except 6 MV vs.10 MV DA), 
CI (except 6 MV vs. 10 MV IMRT and DA), MUs, NR, and FR were noted.
Conclusion DA generates more conformal, homogenous plans, requires less num-
bers of MUs, and deposits fewer doses to NR and FR regions of nontarget tissues in 
comparison to conventional IMRT. Although increase in photon energy for IMRT and 
DA plans reduces numbers of MUs and dose deposited to NR and FR regions, yet the 
choice for treatment of carcinoma cervix remains 6 MV due to production of pho-
to-neutrons at higher energies.
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Introduction
Carcinoma cervix is the second most common cancer in 
women worldwide. The worldwide incidence of cervical 
cancer is approximately 510,000 new cases annually, with 
approximately 288,000 deaths.1 Cervical cancer is ranked 
as the most frequent cancer in women in India. India has a 
population of approximately 469.1 million women above 
15 years of age, who are at risk of developing cervical cancer. 
The current estimates indicate approximately 96922 newly 
diagnosed cases and 60078 deaths annually, accounting for 
nearly one-third of the global cervical cancer deaths.2

Radiation therapy plays a significant role in the treatment 
of carcinoma of cervix. A CT- based box-technique was com-
monly used to deliver a conformal plan before evolution of 
intensity-modulated treatment. The common practice for 
delivering radiation by box-technique was to use high-ener-
gy photon beams. Radiotherapy (RT) has undergone a major 
evolution from conventional 2D planning to intensity-modu-
lated radiation therapy (IMRT) and rapid arc planning.

IMRT is a form of radiation therapy that conforms the tar-
get volumes with prescription dose with the help of modu-
lated intensity maps and helps in sparing of the surrounding 
normal tissues.3 IMRT uses different beams from different 
directions, mainly coplanar, to deliver nonuniform fluence 
maps. These beams are optimized to deliver required dose 
to planning target volume (PTV), leading to a better tumor 
control and relatively lesser dose to nearby organs at risk 
(OARs), resulting in reduced complications.4,5 The recent 
advancement in IMRT led to delivery of radiation during gan-
try motion with variable dose rate, gantry speed, and multi-
leaf collimator motion. This treatment technique is referred 
to as “Rapid Arc.” Otto et al6 gave the concept of planning and 
delivery of rapid arc, which is based on volumetric-modulat-
ed arc therapy (VMAT). The objective of this technique is to 
attain better sparing of normal tissues with improved target 
volume.7

Goal of radiation therapy is to deliver maximum dose to 
target and minimal dose to surrounding normal tissues. It is 
known that higher photon energy is required to treat deeper 
targets.8,9 Laughlin et al recommended energy of more than 
10 MV for treatment of these deep-seated pelvic tumors, 
especially for larger target volumes or larger patient size, due 
to significant reduction in integral dose.10,11

The aim of the present study is to compare the dosimetric 
effect of different photon energies on conventional fixed field 
IMRT and dual-rapid arc (DA) and to compare the dosimetric 
differences between conventional IMRT and DA radiotherapy 
planning in terms of PTV coverage and doses to OARs.

Materials and Methods
Patient Selection and Planning Objectives
A cohort of 15 patients with carcinoma cervix was includ-
ed in the present study and referred for radiotherapy. Target 
volumes were almost similar for all the selected patients. The 
planning computed tomography (CT) scans of 3.0-mm thick-
ness from L2 to proximal one-third femoral diaphysis were 

acquired on our CT unit (Somatom Sensation Open; Siemens, 
Germany).

The delineated OARs were bladder, rectum, bowel, and 
the femoral heads. Clinical target volume (CTV) included 
the cervix, uterus, parametrial tissues, and the presacral and 
pelvic nodes. PTV was defined by adding a 5-mm margin to 
CTV. Radiation therapy oncology group (RTOG) guidelines 
were followed for delineation of the contours.12 Plans were 
generated retrospectively for each patient to deliver a dose of 
50.4 Gy/28 fractions to the PTV. To ensure uniformity of the 
plans, the same radiation oncologist-medical physicist duo 
did all the contouring and treatment planning.

Planning Techniques
For all patients, isocentric plans were made on Varian Eclipse 
Treatment Planning System (version 10.0) [Varian Medical 
Systems, Inc., Palo Alto, CA, United States] with 6 MV, 10 MV, 
and 15 MV photon energies. The course of treatment was 
scheduled for Varian TrueBeam, equipped with high defini-
tion multileaf collimator (HDMLC) with 120 leaves. Varian 
true beam is characterized by spatial resolution of 2.5 mm 
at isocenter for central 32 leaves and 5.0 mm in the outer 14 
leaves on both sides, with maximum leaf speed of 4.8 cm/s 
and leaf transmission of 1.4%.

Fixed field sliding window conventional IMRT plans were 
generated with optimization of beam intensity for each gan-
try angle. Identical gantry angles (G60°, G100°, G135°, G180°, 
G225°, G260°, and G300°) with collimator 0°and dose rate of 
600 MU/min were used for each IMRT plan to ensure the uni-
formity of the study. Normal tissue objective (NTO) was used 
during optimization to help in sparing of normal tissues. The 
planning system uses direct volume optimization (DVO) to 
modify the intensity map to achieve the constraints given 
to the system. DVO controls the complexity of the plan and 
designs the fluence in deliverable plan. Leaf motion calcula-
tion was performed after optimization, and final calculation 
was done using analytic anisotropic algorithm (AAA) with 
grid size of 2.5 mm.13

Similarly, rapid arc planning was done with the help of 
progressive resolution optimizer (PRO) algorithm that deter-
mines the combination of beam weights and shapes. PRO 
plays with dynamic variables such as gantry speed, multileaf 
collimator (MLC) motion, and machine dose rate and runs 
iterations at different levels.14 AAA was used for final dose 
calculation. Rapid arc plans with 6 MV, 10 MV, and 15 MV 
were generated for each patient with double coplanar full arcs 
(counter-clockwise from gantry angle 179–181°with collima-
tor angle 30°; clockwise from gantry angle 181–179° with 
collimator angle 330°) with dose rate of 600 MU/min.

Dosimetric Variables
Cumulative dose–volume histogram was used to evaluate the 
optimized plans. The various parameters compared were:

 • Conformity index: (CI98)
 • Homogeneity index: (HI)
 • PTV: V93%, V95%, V98%, V100%, V105%, V107%, V110%, D98%, D50%, D2%, 

DMin, DMax, DMean, DModal, DMedian
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 • Bladder: V50Gy, V40Gy, V30Gy, V20Gy, D2%, DMax, DMean

 • Rectu V50Gy, V40Gy, V30Gy, V20Gy, D2%, DMax, DMean

 • Bowel: V50Gy, V40Gy, V30Gy, V20Gy, V10Gy, DMax, DMean, 
V195cc (i.e., dose received by 195 cc volume)

 • Femoral heads: V50Gy, V40Gy, V30Gy, V20Gy, V10Gy, DMax, DMean

To evaluate the dose deposited near target and in regions 
distant from the target, nontarget tissues were divided into 
two regions: Near region (NR)—a shell of tissue 2.5 cm in 
radius surrounding the PTV and far region (FR)—nontarget 
tissue other than NR. Mean dose to NR and FR and total MUs 
were also compared.

For comparing the homogeneity of different plans, HI was 
used. The value of HI should be 1 ideally.15 It is a ratio of dose 
received by 2% volume of PTV to the dose received by 98% 
volume of the PTV, that is,

HI = D2%/D98%

Similarly, the CI98 is given by the ratio of PTV Volume of 
98% dose coverage and the total volume of PTV. The CI having 
value near to 1 shows highly conformal plan.16 Hence,

CI = (volume of PTV covered by 98% of prescription dose/
total PTV volume).

Statistical Analysis
For comparison of IMRT and dual arc (DA) plans, paired t-test 
was used. Data were considered as significant for p ≤ 0.05. 
The analysis was done using the Statistical Package for Social 
Sciences, version 20.0 (SPSS, Chicago, Illinois, United States).

Results
Target Volume Coverage
Clinically acceptable plans were generated for conventional 
IMRT and DA using 6 MV, 10 MV, and 15 MV energies. The aver-
age volume of PTV in the present study was 1,479.29 ± 242.91 
cm3. No significant difference (p > 0.05) was observed in PTV 
coverage (D98%) for conventional IMRT and DA; however, change 
in energy (6 MV vs. 15 MV) led to significant difference in PTV 
coverage. Similar results were observed for D2% (Gy). Significant 
difference in CI98 was seen between both modalities for each 
energy (p < 0.05). HI results did not significantly differ between 
the two modalities; however, the p-value was significant for 6 
MV over 10 MV, and 15 MV respectively (►Table 1, ►Fig. 1).

OAR
Bladder
The doses evaluated for bladder in each plan were within tol-
erance. Percentage volume of bladder receiving 40 Gy (V40) 
and 30 Gy (V30) decreased significantly (p < 0.05) with DA in 
comparison to IMRT (►Table 2, ►Fig. 2).

Rectum
Plans were evaluated for rectal doses for different photon 
energies and a significant difference was found (p < 0.05) 
for lower doses. It was observed that the volume of rectum 
receiving 30 Gy (V30Gy) was significantly less (p < 0.05) in case 
of DA when compared with IMRT (►Table 2).

Bowel
Evaluated doses for contoured bowel showed significant dif-
ference for lower doses such as V30Gy, V20Gy, and V10Gy with DA 
plan being better than IMRT plan. Similarly, the dose received 
by 195 mL of bowel was significantly lesser in case of DA 
(►Table 2).

Femoral Heads
Mean dose to femur was higher for IMRT than DA plans for 
their respective energies (►Table 2) (►Fig. 3).

Near Region and Far Region
To evaluate the peripheral dose, the contoured body tissues 
were divided into two structures: NR, a shell of radius 2.5 cm 
around PTV and FR, a region in nontarget normal tissue area 
outside the near region.17 The mean doses received by NR and 
FR remained similar in both the modalities (p > 0.05) for each 
energy (►Table 2).

Total Monitor Units and Beam-On Time
Total monitor units (TMUs) resulting in optimized plans were 
significantly less for DA plans. Monitor units were 3.12 times 
more for IMRT6MV versus DA6MV, 3.21 times more for IMRT10MV 
versus DA10MV, and 3.27 times more for IMRT15MV versus DA15MV 
(p < 0.05) (►Table 2). BOT differed between two modalities (p 
< 0.05) for each photon energy as the time required to deliv-
er planned TMU was lesser for DA, considering the fact that 
patient setup and image verification time was same for all 
patients.

Discussion
IMRT plans use different static gantry angles to provide deliv-
erable intensity maps, which may result in delivery of exces-
sive dose during the transmission through the body tissues 
as entry doses.11,18 It can lead to increase in integral dose as 
well as the increased risk of secondary malignancies.19,20 At 
the same time, VMAT uses continuous rotation of gantry to 
deliver similar or even better optimized plan due to increase 
in the degree of freedom.

Various studies using DA technique in head and neck can-
cers have concluded21,22 that an equivalent target volume 
coverage and normal tissue constraints can be achieved by 
VMAT. Cozzi et al studied the nature of plans by fixed-field 
IMRT and volumetric arc therapy in gynecological malignan-
cies with 6 MV photon energy23 and found similar results. 
The impact of target volume over OARs was also studied by 
the investigators. It was observed in our study that the DA 
had an edge over IMRT for covering target volume. Law et 
al24 and Ost et al25 have published similar studies for prostate 
carcinoma, whereas Blomquist et al have compared different 
energies for treatment of lung cancers.26

As per The International Commission on Radiation 
Units and Measurements 83 (ICRU 83) guidelines, the dose 
to 98% target volume was taken into account (D98%) for 
PTV coverage. It was observed that 6 MV photon energy 
was superior to 15 MV photon energy even with change 
in treatment technique, but showed no variation when 
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photon energy remained same.8,17 This can be explained 
by lower dose contribution of lower photon energy to the 
dose coverage. The other parameters used were CI98 and HI. 
The results shown were in favor of 6 MV due to the same 
reason.

It was clear that DA was superior to IMRT for bladder dos-
es. Hence, the calculated p-value for mean bladder dose was 
significantly more for conventional IMRT in comparison to 
DA (p < 0.05) for change in photon energies for both treat-
ment modalities, except for 6 MV versus 10 MV (p > 0.05). 
For rectal mean dose, p-value was not significant (p > 0.05) 
for IMRT in comparison to DA, but significantly differed 
(p < 0.05) with change in photon energies for both treatment 
modalities, except 10 MV versus 15 MV DA plans.

The rapid arc technique includes all the possible gantry 
angles, which may be missing from IMRT technique and 
hence increases the homogeneity of dose painting inside the 
target volume. Due to conformality of doses to the target vol-
ume, the mean doses to the nearby normal structures were 
also reduced. The mean doses of all the critical structures 
remain lesser in dual arc with 6 MV photon energy, when 
compared with energy E ≥10 MV.

There was no significant difference between 6 MV, 10 MV, 
and 15 MV photon energies for each single treatment modality 
for PTV coverage. These results are in accordance with the study 
done by Liu et al who did not observe any noticeable differ-
ence between 6 MV and 18 MV IMRT plans.27 6 MV plans were 
showing slightly better dose conformity and homogeneity. 
There was no significant impact of PTV location or PTV  volume 
for the photon energy leading to superior plan quality.28-30

Mean dose of femoral heads reduced significantly in 
dual arcs. It may be explained on the basis of reduced scat-
ter dose and lesser beam-on time with rapid arc technique. 
It was found that the total number of monitor unit in each 
optimized plan was significantly lesser for arc technique in 
comparison to IMRT, which may be explained on the basis of 
degree of freedom, attained by gantry angles.

Modern radiotherapy techniques have resulted in an 
improved survival in patients. This improvement in surviv-
al, however, increases the risk of observing a relatively rare 
but potentially lethal effect, that is, secondary malignancy. 
IMRT leads to better conformity of plans, which has result-
ed in improved outcome along with reduction in late normal 
tissue complications.

Table 1  DVH analysis of planning target volume for IMRT and DA for 6 MV, 10 MV, and 15 MV and their respective p-value

PTV Energy p-Value

6 MV 10 MV 15 MV IMRT DA

Parameter IMRT DA p-Value IMRT DA p-Value IMRT DA p-Value 6 vs. 

10

10 vs. 

15

6 vs. 

15

6 vs. 

10

10 vs. 

15

6 vs. 

15

V95 (%) 99.91 ± 
0.36

100.0 ± 
0.00

NS 99.90 ± 
0.36

100.0 ± 
0.00

NS 99.91 ± 
0.36

100.0 ± 
0.00

NS NS NS NS NS NS NS

V98 (%) 97.90 ± 
0.71

97.48 ± 
1.02

NS 98.01 ± 
0.70

97.97 ± 
0.91

NS 98.16 ± 
0.75

98.30 ± 
0.67

NS NS NS 0.021 NS NS 0

V100 (%) 94.05 ± 
1.95

93.07 ± 
2.38

NS 93.97 ± 
2.11

94.02 ± 
1.77

NS 94.21 ± 
2.14

94.68 ± 
1.30

NS NS NS 0.047 NS NS 0.002

V110 (%) 1.85 ± 
1.56

1.31 ± 
1.59

NS 1.40 ± 
1.62

0.70 ± 
1.11

NS 0.97 ± 
1.09

1.37 ± 
2.30

NS 0.048 NS 0 0.03 NS 0.046

D98% (Gy) 49.35 ± 
0.43

49.20 ± 
0.39

NS 49.37 ± 
0.41

49.41 ± 
0.43

NS 49.45 ± 
0.43

49.52 ± 
0.31

NS NS 0.023 0.023 0.034 NS 0

D50% (Gy) 52.39 ± 
0.45

52.77 ± 
0.52

0.018 52.33 ± 
0.51

52.89 ± 
0.41

0.003 52.28 ± 
0.46

52.93 ± 
0.46

0.001 NS NS 0 NS NS 0.046

D2% (Gy) 55.24 ± 
0.54

54.93 ± 
0.71

NS 54.93 ± 
0.58

54.84 ± 
0.49

NS 54.78 ± 
0.53

54.97 ± 
0.68

NS 0.002 0.033 0 NS NS NS

Dmin (Gy) 42.01 ± 
2.86

43.39 ± 
2.50

NS 42.45 ± 
2.58

43.66 ± 
2.35

NS 43.20 ± 
2.59

44.27 ± 
2.35

NS NS 0.026 0.004 0.033 0.002 0

Dmax (Gy) 58.89 ± 
1.31

57.56 ± 
1.11

0.005 58.11 ± 
1.31

56.81 ± 
0.84

0.002 57.76 ± 
1.03

57.35 ± 
1.07

NS 0 0.014 0 0 0 0.034

Dmean (Gy) 52.39 ± 
0.40

52.62 ± 
0.48

NS 52.31 ± 
0.47

52.71 ± 
0.36

NS 52.26 ± 
0.42

52.78 ± 
0.43

0.003 NS NS 0 NS NS 0.04

Dmodal (Gy) 52.36 ± 
0.50

52.93 ± 
0.55

0.001 52.29 ± 
0.62

53.08 ± 
0.46

0.001 52.20 ± 
0.51

53.08 ± 
0.49

0 NS NS 0.008 NS NS NS

Dmedian (Gy) 52.40 ± 
0.45

52.77 ± 
0.51

0.017 52.33 ± 
0.52

52.89 ± 
0.40

0.003 52.28 ± 
0.46

52.943 ± 
0.46

0.001 NS NS 0 NS NS 0.044

GM 4.36 ± 
0.415

3.971 ± 
0.317

0 3.962 ± 
0.291

3.774 ± 
0.278

0.001 3.808 ± 
0.270

3.692 ± 
0.275

0.025 0 0 0 0 0 0

HI 1.119 ± 
0.015

1.114 ± 
0.017

NS 1.113 ± 
0.013

1.111 ± 
0.014

NS 1.107 ± 
0.013

1.107 ± 
0.015

NS 0.003 0.006 0 0.06 NS 0.067

CI 1.144 ± 
0.116

1.094 ± 
0.089

0 1.125 ± 
0.112

1.086 ± 
0.082

0.003 1.122 ± 
0.113

1.005± 
.0870

0.004 0 NS 0 0.004 NS 0

Abbreviations: CI, conformity index; DA, dual arc; Dmax, maximum dose; Dmean, mean dose; Dmedian, median dose; Dmin, minimum dose; Dmodal, modal 
dose; GM, gradient measure; HI, homogeneity index; IMRT, intensity modulated radiotherapy; NS, nonsignificant; PTV, planning target volume; VX% (%), 
% of PTV receiving X% of prescription dose.
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Higher conformity is however, obtained by increasing 
number of fields and using fixed-shape or dynamic confor-
mal arc beams. Furthermore, increased monitor unit, differ-
ence in dose distribution, and scatter along with use of mul-
tiple coplanar or noncoplanar beams significantly increases 
the volume of tissue exposed to low doses of radiation. These 
factors have key implications over the possible increase of 
secondary cancers due to radiotherapy. Delivery of specified 
dose from IMRT/VMAT technique requires linear accelerator 

to be energized for longer time (more monitor units need-
ed) and, thereby resulting in increased total body dose due to 
leakage radiation.

IMRT leads to increase in integral dose exposure to nontu-
mor tissues as larger volumes of normal tissues are exposed 
to lower doses. This increase in energy deposition in healthy 
tissue leads to generation of secondary cancers.

There is a significant benefit of shorter beam-on time, 
observed for dual arcs for all the photon energies as compared 

Fig. 1 Dose coverage of 95% prescription dose for 6 MV, 10 MV, and 15 MV for IMRT and dual arc (DA). IMRT, intensity-modulated radiotherapy.
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Table 2  DVH analysis of OARs for IMRT and DA for 6 MV, 10 MV, and 15 MV and their respective p-values

PTV Energy p-Value

6 MV 10 MV 15 MV IMRT DA

Parameter IMRT DA p-Value IMRT DA p-Value IMRT DA p-Value 6 vs. 

10

10 vs. 

15

6 vs. 15 6 vs. 

10

10 vs. 

15

6 vs. 

15

V95 (%) 99.91 ± 
0.36

100.0 
± 0.00

NS 99.90 ± 
0.36

100.0 ± 
0.00

NS 99.91 ± 
0.36

100.0 ± 
0.00

NS NS NS NS NS NS NS

V98 (%) 97.90 ± 
0.71

97.48 
± 1.02

NS 98.01 ± 
0.70

97.97 ± 
0.91

NS 98.16 ± 
0.75

98.30 ± 
0.67

NS NS NS 0.021 NS NS 0

V100 (%) 94.05 ± 
1.95

93.07 
± 2.38

NS 93.97 ± 
2.11

94.02 ± 
1.77

NS 94.21 ± 
2.14

94.68 ± 
1.30

NS NS NS 0.047 NS NS 0.002

V110 (%) 1.85 ± 
1.56

1.31 ± 
1.59

NS 1.40 ± 
1.62

0.70 ± 
1.11

NS 0.97 ± 
1.09

1.37 ± 
2.30

NS 0.048 NS 0 0.03 NS 0.046

D98% (Gy) 49.35 ± 
0.43

49.20 
± 0.39

NS 49.37 ± 
0.41

49.41 ± 
0.43

NS 49.45 ± 
0.43

49.52 ± 
0.31

NS NS 0.023 0.023 0.034 NS 0

D50% (Gy) 52.39 ± 
0.45

52.77 
± 0.52

0.018 52.33 ± 
0.51

52.89 ± 
0.41

0.003 52.28 ± 
0.46

52.93 ± 
0.46

0.001 NS NS 0 NS NS 0.046

D2% (Gy) 55.24 ± 
0.54

54.93 
± 0.71

NS 54.93 ± 
0.58

54.84 ± 
0.49

NS 54.78 ± 
0.53

54.97 ± 
0.68

NS 0.002 0.033 0 NS NS NS

Dmin (Gy) 42.01 ± 
2.86

43.39 
± 2.50

NS 42.45 ± 
2.58

43.66 ± 
2.35

NS 43.20 ± 
2.59

44.27 ± 
2.35

NS NS 0.026 0.004 0.033 0.002 0

Dmax (Gy) 58.89 ± 
1.31

57.56 
± 1.11

0.005 58.11 ± 
1.31

56.81 ± 
0.84

0.002 57.76 ± 
1.03

57.35 ± 
1.07

NS 0 0.014 0 0 0 0.034

Dmean (Gy) 52.39 ± 
0.40

52.62 
± 0.48

NS 52.31 ± 
0.47

52.71 ± 
0.36

NS 52.26 ± 
0.42

52.78 ± 
0.43

0.003 NS NS 0 NS NS 0.04

Dmodal (Gy) 52.36 ± 
0.50

52.93 
± 0.55

0.001 52.29 ± 
0.62

53.08 ± 
0.46

0.001 52.20 ± 
0.51

53.08 ± 
0.49

0 NS NS 0.008 NS NS NS

Dmedian (Gy) 52.40 ± 
0.45

52.77 
± 0.51

0.017 52.33 ± 
0.52

52.89 ± 
0.40

0.003 52.28 ± 
0.46

52.943 ± 
0.46

0.001 NS NS 0 NS NS 0.044

GM 4.36 ± 
0.415

3.971 
± 
0.317

0 3.962 ± 
0.291

3.774 ± 
0.278

0.001 3.808 ± 
0.270

3.692 ± 
0.275

0.025 0 0 0 0 0 0

HI 1.119 ± 
0.015

1.114 
± 
0.017

NS 1.113 ± 
0.013

1.111 ± 
0.014

NS 1.107 ± 
0.013

1.107 ± 
0.015

NS 0.003 0.006 0 0.06 NS 0.067

CI 1.144 ± 
0.116

1.094 
± 
0.089

0 0.125 ± 
0.112

1.086 ± 
0.082

0.003 1.122 ± 
0.113

1.005± 
.0870

0.004 0 NS 0 0.004 NS 0

Bladder

V50 (%) 33.01 ± 
5.71

32.17 
± 6.12

NS 32.32 ± 
6.02

33.35 ± 
4.54

NS 31.31 ± 
5.61

32.44 ± 
5.10

NS 0.019 0.002 0 NS 0.032 NS

V40 (%) 58.01 ± 
8.55

54.60 
± 7.54

0.005 57.48 ± 
8.38

54.31 ± 
7.41

0.003 56.97 ± 
8.54

53.84 ± 
7.55

0.001 NS 0.002 0.005 NS 0.005 0.003

V30 (%) 84.76 ± 
6.34

75.72 
± 9.82

0.001 83.53 ± 
5.60

74.91 ± 
9.70

0.002 82.05 ± 
6.65

73.60 ± 
9.90

0.001 0.008 0 0 NS 0.012 0.001

V20 (%) 98.01 ± 
3.10

98.57 
± 2.39

NS 98.01 ± 
3.10

98.68 ± 
2.90

NS 97.98 ± 
3.20

98.30 ± 
3.07

NS NS NS NS NS NS NS

D2%(Gy) 54.10 ± 
0.73

53.93 
± 0.86

NS 53.92 ± 
0.83

53.79 ± 
0.68

NS 53.62 ± 
0.71

53.75 ± 
0.83

NS NS 0.003 0 NS NS 0.048

Dmax (Gy) 56.88 ± 
1.22

56.07 
± 1.16

NS 56.43 ± 
1.18

55.71 ± 
0.74

NS 55.94 ± 
1.12

55.83 ± 
1.11

NS 0.004 0.001 0 NS NS 0.25

Dmean (Gy) 41.90 ± 
1.65

40.46 
± 2.06

0.003 41.77 ± 
1.53

40.31 ± 
1.96

0.001 41.46 ± 
1.77

40.01 ± 
2.04

0.001 NS 0 0 NS 0.003 0.01

Rectum

V50 (%) 22.70 ± 
8.72

21.80 
± 7.17

NS 24.02 ± 
9.05

24.43 ± 
7.16

NS 26.80 ± 
9.90

25.69 ± 
8.10

NS 0.015 0.001 0 0.026 NS 0

V40 (%) 75.98 ± 
10.02

72.68 
± 
13.89

NS 77.10 ± 
10.68

73.7 ± 
14.01

NS 77.21 ± 
10.75

74.77 ± 
13.66

NS 0.034 0.012 0 NS NS 0.03

(continued)
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Table 2 (continued)

PTV Energy p-Value

6 MV 10 MV 15 MV IMRT DA

Parameter IMRT DA p-Value IMRT DA p-Value IMRT DA p-Value 6 vs. 

10

10 vs. 

15

6 vs. 15 6 vs. 

10

10 vs. 

15

6 vs. 

15

V30 (%) 93.14 ± 
4.84

89.37 
± 8.79

0.021 93.13 ± 
5.02

89.58 ± 
8.74

0.02 93.12 ± 
5.14

89.86 ± 
8.47

0.027 NS NS NS NS NS NS

V20 (%) 96.30 ± 
4.45

96.08 
± 4.43

NS 96.35 ± 
4.24

96.01 ± 
4.20

NS 96.47 ± 
4.32

96.15 ± 
4.25

NS NS NS NS NS 0.008 NS

D2%(Gy) 52.88 ± 
0.75

52.60 
± 0.73

NS 52.79 ± 
0.76

52.68 ± 
0.67

NS 52.85 ± 
0.75

52.70 ± 
0.66

NS NS NS NS NS NS NS

Dmax (Gy) 54.90 ± 
1.29

54.76 
± 1.17

NS 54.65 ± 
1.34

54.49 ± 
0.73

NS 54.52 ± 
1.21

54.66 ± 
0.89

NS 0.042 NS 0.022 NS NS NS

Dmean (Gy) 52.90 ± 
3.28

43.49 
± 2.42

NS 43.14 ± 
3.33

43.76 ± 
2.39

NS 43.39 ± 
3.24

43.87 ± 
2.49

NS 0.007 0.001 0 0.013 NS 0.003

Bowel

V40 (%) 4.95 ± 
3.41

5.28 ± 
3.58

NS 4.9 ± 3.3 5.15 ± 
3.66

NS 5.01 ± 
3.37

5.13 ± 
3.62

NS NS NS 0.002 NS NS NS

V30 (%) 23.52 ± 
8.71

21.52 
± 9.40

0.015 22.53 ± 
8.66

20.87 ± 
8.85

0.02 22.0 ± 
8.47

20.88 ± 
8.97

NS 0.002 NS 0.002 0.02 0.01 0

V20 (%) 50.7 ± 
11.99

47.98 
± 8.91

NS 50.41 ± 
11.93

46.85 ± 
8.86

0.016 50.39 ± 
12.08

46.73 ± 
8.85

0.015 0.017 NS NS 0.024 NS 0.024

V10 (%) 65.66 ± 
12.36

62.07 
± 
10.81

0.002 65.85 ± 
12.33

62.43 ± 
10.88

0.002 66.16 ± 
12.23

63.14 ± 
10.81

0.005 NS 0 0 0.001 0 0

Dmax (Gy) 52.18 ± 
3.57

51.96 
± 3.30

NS 51.68 ± 
3.21

51.58 ± 
3.22

NS 51.51 ± 
2.99

51.74 ± 
3.36

NS 0.002 NS 0.002 NS NS NS

Dmean (Gy) 18.89 ± 
3.82

18.43 
± 3.17

NS 18.63 ± 
3.75

18.32 ± 
3.01

NS 18.63 ± 
3.77

18.12 ± 
3.19

NS 0 NS 0 NS NS 0.001

V195cc (Gy) 34.85 ± 
3.49

33.88 
± 3.77

0 34.55 ± 
3.53

33.70 ± 
3.74

0 34.37 ± 
3.64

33.78 ± 
3.83

0.003 0.004 NS NS 0.035 0.047 0.003

RT femur

V50 (%) 2.37 ± 
2.54

0 ± 0 0.001 1.89 ± 
2.25

0 ± 0 0.003 1.87 ± 
2.34

0 ± 0 0.004 0.011 NS 0.001 NS NS NS

V40 (%) 4.95 ± 
3.41

5.27 ± 
3.58

NS 4.9 ± 3.3 5.14 ± 
3.66

NS 5.01 ± 
3.37

5.12 ± 
3.62

NS NS 0.002 NS NS NS NS

V30 (%) 21.52 ± 
9.4

20.81 
± 4.67

NS 20.87 ± 
8.87

21.52 ± 
3.88

NS 20.88 ± 
8.97

21.48 ± 
3.91

NS 0.002 NS 0.002 NS NS NS

V20 (%) 79.04 ± 
17.12

39.47 
± 5.84

0 77.12 ± 
17.83

39.8 ± 
5.17

0 76.61 ± 
18.01

40.57 ± 
5.38

0 0.031 NS 0.031 NS NS NS

V10 (%) 90.97 ± 
8.83

85.79 
± 
11.83

0.04 91.38 ± 
8.53

85.42 ± 
12.51

0.01 91.97 ± 
8.18

83.9 ± 
8.65

0 0.036 0.007 0.014 NS NS NS

Dmax (Gy) 53.78 ± 
2.66

51.99 
± 2.61

0.001 52.95 ± 
2.41

51.72 ± 
2.34

0.037 52.93 ± 
2.16

52.13 ± 
2.28

NS 0 NS 0 NS NS NS

Dmean (Gy) 27.34 ± 
5.14

20.42 
± 2.03

0 26.88 ± 
5.19

20.37 ± 
1.74

0 26.73 ± 
5.11

20.49 ± 
1.85

0 0.008 NS 0.001 NS NS NS

LT femur

V50 (%) 2.08 ± 
3.04

0.68 ± 
1.24

NS 1.68 ± 
2.64

0.73 ± 
1.3

NS 1.65 ± 
2.59

0.58 ± 
0.94

NS 0.018 NS 0.004 NS NS NS

V40 (%) 12.61 ± 
8.67

8.29 ± 
3.28

0.032 11.75 ± 
8.57

8.5 ± 
3.52

NS 11.77 ± 
7.79

8.54 ± 
3.26

NS 0.037 NS NS NS NS NS

V30 (%) 38.85 ± 
21.9

21.02 
± 4.55

0.004 36.57 ± 
22.7

21.04 ± 
4.23

0.012 36.47 ± 
20.24

21.22 ± 
4.4

0.006 0.007 NS NS NS NS NS

V20 (%) 77.07 ± 
22.31

40.6 ± 
5.67

0 73.91 ± 
22.94

39.53 ± 
6.09

0 77.68 ± 
16.71

41.02 ± 
7.09

0 0.004 NS NS NS NS NS

V10 (%) 90.30 ± 
11.8

83.95 
± 
11.68

0.022 90.35 ± 
12.09

85.52 ± 
12.59

NS 92.71 ± 
9.49

85.5 ± 
12.2

0.004 NS NS NS NS NS NS

Dmax (Gy) 52.75 ± 
3.25

51.50 
± 2.31

NS 52.03 ± 
3.04

51.45 ± 
2.06

NS 52.69 ± 
1.49

51.72 ± 
2.22

0.046 0 NS NS NS NS NS

(continued)
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Table 2 (continued)

PTV Energy p-Value

6 MV 10 MV 15 MV IMRT DA

Parameter       IMRT DA p-Value IMRT DA p-Value IMRT DA p-Value 6 vs 

10

10 vs 

15

6 vs 15 6 vs 

10

10 vs 

15

6 vs 

15

Dmean (Gy) 27.03 ± 
6.09

20.43 
± 1.79

0 26.45 ± 
6.19

20.26 ± 
1.92

0t 26.99 ± 
4.99

20.51 ± 
1.99

0 0.001 NS NS NS NS NS

PHY 2.5

Dmean (Gy) 26.94 ± 
2.57

26.44 
± 3.97

NS 26.43 ± 
2.69

26.19 ± 
3.99

NS 26.28 ± 
2.71

26.04 ± 
4.02

NS 0 0 0 0 0 0

PHY 5.0

Dmean (Gy) 16.91 ± 
1.38

16.46 
± 1.44

0.001 16.07 ± 
1.33

15.89 ± 
1.41

NS 15.80 ± 
1.31

15.69 ± 
1.41

NS 0 0 0 0 0 0

TMU

TMU 
Mean

1,646.88 
± 332.12

522.11 
± 
33.57

0 1,463.05 
± 327.24

456.64 
± 25.31

0 1,410.11 
± 305.94

430.94 ± 
22.63

0 0 0 0 0 0 0

Abbreviations: CI, conformity index; HI, homogeneity index; IMRT, intensity-modulated radiotherapy; DA, dual arc; Dmax, maximum dose; Dmin, minimum dose; 
Dmean, mean dose; Dmedian, median dose; Dmodal, modal dose; NS, nonsignificant; TMU, total monitor units; PTV, planning target volume.

Fig. 2 Dose coverage of low dose regions (28 Gy) for 6 MV, 10 MV, and 15 MV for IMRT and dual arc (DA) plans. IMRT, intensity-modulated 
radiotherapy. 
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with their respective IMRT plans. The lesser treatment time 
(irrespective of setup verification time) improves patient 
comfort, hence leading to improved quality and accuracy of 
the treatment. The optimum plan aimed at adequate tumor 
volume coverage with minimal complications should be 
selected, which is more important in all the cases.

However, the delineation of target volumes, margins, and 
critical structures varies from center to center and may lead 
to uncertainty in achieving same dosimetric parameters 
everywhere. Hence, it is recommended to conduct a multiin-
stitutional study with a large number of patient populations 
to validate our observations.

Conclusion
For treating pelvic or abdominal tumors, DA plan provides 
a comparable and uncompromised distribution in compari-
son to intensity-modulated plans with 6 MV photon energy 
showing more conformal and homogeneous distribution in 
comparison to 10 MV and 15 MV.

For OARs, the lower doses as well as mean doses were 
lesser for dual arc plans. As the treatment time was reduced 
for arc plans, the accuracy of the treatment increases signifi-
cantly. The shorter treatment time and accuracy can lead to 
better management of cervical cancers.

Considering the production of photo-neutrons during 
treatment for energies more than 10 MV, the DA plans opti-
mized with 6 MV photon energy should be the choice of 
treatment for carcinoma cervix. 
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