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 ABSTRACT

OBJECTIVE  Helical tomotherapy can deliver a radiation dose using 
modulated intensity. This delivery technique requires inverse treatment 
planning for dose distribution. The specific parameters include the resolu-
tion of optimization and dose calculation. The highest resolution provided 
a high plan quality in a previous study, but that plan would increase the 
calculation time. This study investigated the quality of plans using various  
resolutions of optimization and dose calculation in VOLOTM Ultra. The 
exploration aimed to determine the optimal resolution to inform the 
treatment planning process in nasopharyngeal carcinoma (NPC).

METHODS  Forty-one cases of NPC who had been previously treated 
using helical therapy were randomly recruited between January 2022 and 
December 2023. Nine treatment planning scenarios were created using 
the VOLOTM Ultra planning system using a combination of optimization 
and calculated resolution. Three different levels of resolutions were chosen:  
high (H), medium (M) and low (L). The different resolution combinations 
were expressed as, e.g., H/H for high resolution optimization and dose 
calculation. The dosimetric parameters of the planning target volumes 
(PTVs), organs at risk (OARs), and plan quality index, such as dose coverage 
(D98%, Dose at 98% target volume), conformity index (CI) and homogeneity 
index (HI), were evaluated.

RESULTS The PTVs revealed an increasing dose value when the dose 
calculation resolution was increased. In contrast, the study found an in-
creasing dose value when the resolution was decreased. A similar trend 
was also found in the conformity index value in the optimization process. 
The OARs demonstrated similar dose levels, with the exception of the spinal 
cord and both parotid glands. 

CONCLUSIONS This study illustrates that the resolution of M/H and 
M/M scenarios is a specific choice of interest. These scenarios provide 
higher dose coverage, have a mild impact on OAR dose, a moderate impact 
on conformity and a shorter treatment planning time.  
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INTRODUCTION
Radiotherapy in the head and neck region (H&N) 

presents a significant challenge for treatment 
planning. The complexity of treatment planning 
is heightened by the proximity of critical organs 
such as the brainstem, parotids, and spinal cord to  
target area. For those reasons, intensity modu-
lated radiotherapy (IMRT) plays a crucial role (1) 
in sparing normal organs (2) while delivering the 
prescribed dose to the target. Inverse planning (3) 
is necessary for this treatment technique, which 
requires dose constraints, photon fluence optimi- 
zation and dose calculation. Tomotherapy is a 
treatment modality that provides intensity modu-
lation using both a static gantry IMRT and a ro-
tating gantry (Intensity Modulated Arc Therapy, 
IMAT). By utilizing a Binary Multi-Leaf Collimator 
(BiMLC) and overlapping helical fan beam rota-
tion (helical tomotherapy, HT), this treatment  
offers beneficial beam modulation diversity (4). 

When employing HT, the treatment planning 
system (TPS) requires specific parameters con-
sisting of a field width (FW), a pitch factor (PF), 
and a modulation factor (MF) (5).  FW is the width 
of the radiation fan beam which can be selected 
based on the length of the target. PF can be deter-
mined by couch travel/FW. This parameter can 
be specified by the irregular shape of the target. 
In MF, this parameter is calculated by the ratio 
of the maximum leaf open time and the average 
leaf open time. The value of MF depends on the 
shape and location of the target. These parame-
ters can improve the plan quality, particularly in 
the case of cancers in the H&N region. Treatment 
planning can be performed using two platforms 
in this TPS: the Classic treatment planning plat-
form and the VOLOTM Ultra platform. The VOLOTM  
Ultra uses fewer specific parameters than the 
classic platform to create a treatment plan, e.g., 
there is no PF or MF requirement. Using the 
VOLOTM Ultra platform is convenient and user 
friendly, especially for nasopharyngeal carcinoma 
(NPC) treatment planning.  However, there are 
other parameters that are required in both plat-
forms, including the grid spacing or resolution of 
dose optimization and the dose calculation for 
each plan, both of which might impact plan quality.  
Although previous publications (5-10) have reported  
on the impact of resolution in dose optimization  
and dose calculation, this impact has not yet been 

demonstrated in tomotherapy, particularly VOLOTM 
Ultra treatment planning. The resolution in tomo- 
therapy TPS can be selected from four different  
levels; however, the selection is also dependent  
on the size of the field of view (FOV). The resolu-
tion of HT is classified not only by an image pixel 
number, e.g., very low (64×64 pixels), low (128×128 
pixels), medium (256×256 pixels) and high (512×512 
pixels), but is also determined by the FOV/image  
pixel number, e.g. 500/512 or 600/512. For a high 
quality treatment plan, it is necessary to deter-
mine appropriate values for treatment parame-
ters (11) and to use the highest resolution of the 
optimization and dose calculation. Although the 
central processing unit (CPU) technology has 
been highly developed, choosing the highest 
resolution may increase the computational time 
(5-7, 12).

By various the resolution in the optimization 
and dose calculation, this study aimed to inves-
tigate the impact of different resolution levels on 
plan quality and to determine the optimal resolu-
tion selection, including the optimal FOV for NPC. 
While there are four resolution levels available, 
this study focused on three levels: low, medium 
and high resolution, for both fluence optimiza-
tion and dose calculation.

METHODS
Ethical clearance

This retrospective study recruited 41 NPC pa-
tients who had been treated between January 
2022 and December 2023 and included 31 males 
and 10 females. The research proposal was ap-
proved by the Research Ethics Committee of the 
Faculty of Medicine at Chiang Mai University 
(Study code: RAD-2566-0556) in November 2023.

Patient selection and data preparation
The helical tomotherapy treatment plans for 

the 41 NPC patients were randomly selected during 
the period January 2022 through December 2023. 
All the treatment plans had been performed on 
computed tomography (CT) image sets acquired 
by a CT simulator (SOMATOM definition AS, Siemens  
Healthineers, Inc., Erlangen, Germany).  Although 
the slice thickness of the image set was set at 3 
mm, the size of FOV was harmonized with the body 
of the patients. In this study, the image planning 
acquisition had 3 sizes of FOV, specifically, 500 
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mm, 550 mm and 650 mm. The S-type thermo-
plastic mask (Klarity WhiteTM, Klarity®, Guang-
zhou, China) was used for the immobilization of all  
the selected cases. 

All recruited treatment plans consisted of three 
planning target volumes (PTVs) at dose levels of 
70.0 Gy, 59.4 Gy and 54.0 Gy. These zones were 
expanded by 5 mm from the clinical target volume 
(CTV). In cases of skin involvement with the CTV, 
the PTVs were cropped by 3 mm from the surface. 
The simultaneous integrated boost (SIB) tech-
nique was employed on all PTVs across 33 frac-
tions. Other structures and organs at risk (OARs), 
considered in the radiation dose plan included 
the brainstem, spinal cord, parotid glands, optic 
chiasm, optic nerves and globes.

Treatment planning scenarios
All treatment plans were replanned using the 

TPS of Tomotherapy (Precision® version 3.3.0.1, 
Accuray Inc., Sunnyvale, California, USA). Al-
though the previous plans had been performed, 
they were re-optimized and re-dose calculated 
utilizing the VOLOTM Ultra (Precision® version 
3.3.0.1, Accuray Inc., Sunnyvale, California, USA). 
The treatment plans were created in 9 scenarios 
by a single planner, which were a combination of 
various resolutions of optimization and dose cal-
culations. The resolution of the previous treat-
ment plan was selected as the template for a new 
treatment plan, including the beam geometries 
such as treatment techniques, FW, etc. The treat-
ment plans for each patient then had nine sce-
narios with different combinations of resolution 
between fluence optimization and dose calcula-
tion. The resolution of the optimization and dose 
calculation (Opt/Cal) varied between high-reso-
lution (H), medium-resolution (M) and low-res-
olution (L). The abbreviation of each scenario is 
expressed as H/H for high-resolution optimiza-
tion/high-resolution dose calculation, M/L for 
medium-resolution optimization/low-resolution 
dose calculation, etc. Using the VOLOTM Ultra, the 
treatment system automatically calculated the 
optimum PF and MF.  Although the PF was calcu-
lated automatically, the value was then fixed in all 
treatment scenarios for each case. Only the MF 
could not be adjusted using this option. These 
plan parameters are summarized in Table 1. 

The constraints of the targets followed the 
guidelines of the International Commission on 

Radiation Units and Measurements (ICRU) number 
83 (13), specifically: 1) 98% of the target volume 
received at least 95% of the prescribed dose (D98% 
≥ 95% of the prescribed dose), 2) the prescribed 
dose was delivered to 50% of the target volume 
(D50% = prescribed dose) and 3) less than 107% of 
the prescribed dose was delivered to 2% of the 
target volume (D2% ≤ 107% of the prescribed dose). 
However, the structures of PTV59.4 contained the 
PTV70.0 and were superior to the isolated struc-
ture of PTV54.0. The dose of D2% was then con-
strained only on the PTV70.0. Table 2 summarizes 
the dose constraints both for the targets and also 
for each organ of OAR. 

Dosimetric parameters, indexes and planning 
time

All treatment plan scenarios were evaluated 
regarding targets and the OARs by dosimetric 
parameters and indexes. The indexes were eval-
uated regarding the PTV which consisted of a 

Table 1. Mean, standard deviation (SD) of patient character-
istics and treatment planning parameters in tomotherapy

PTV size (cc)

PTV70.0 Gy
PTV59.4 Gy
PTV54.0 Gy
Pitch
Modulation factor
Field width (mm)
Field of view (mm)

209.41 (95.23)
639.19 (145.13)
138.20 (82.14)

0.41 (0.06)
1.49 (0.22)
4.39 (1.09)

600 (55.90)

PTV, planning target volume

Table 2. Dose constraints of target and organs at risk of 
nasopharyngeal carcinoma

Structures Parameter Dose constraints

Target
PTV70.0

PTV59.4

PTV54.0

D98%

D50%

D2%

D98%

D50%

D98%

D50%

≥ 95% of prescribed dose
= prescribed dose
≤ 107% of prescribed dose
≥ 95% of prescribed dose
= prescribed dose
≥ 95% of prescribed dose
= prescribed dose

Organs at risk
Brainstem
Spinal cord
Optic chiasm
Optic nerve
Parotid
Globe

D2%

D2%

D2%

D2%

D50%

Dmean

≤ 54 Gy
≤ 45 Gy
≤ 54 Gy
≤ 54 Gy
≤ 30 Gy
≤ 35 Gy

PTV, planning target volume



Sirirad Tongta, et al.

140		  Biomedical Sciences and Clinical Medicine 2025;64(2):137-149.

conformity index (12) (CIICRU) and a homogeneity 
index (12) (HI). The CIICRU and HI were employed 
using the ICRU no. 83 formula as recommended. 
The CIICRU was calculated by PIV/PTV, where PIV 
is the prescribed isodose volume. The HI was cal-
culated by (D2% - D98%)/D50% where Dx% is the dose 
level at x% volume. Other structures for evaluation 
were the OARs. The dose constraints described 
in Table 2 were normalized on the organs in the 
treatment plan scenarios as an evaluation tool.

Treatment planning time was also used to 
compare the computation time of the plan sce-
narios. However, this measurement was not in-
cluded in the time of dose constraints adjustment 
of each organ. The optimization was set at 20 iter-
ations per round for each of 3 rounds. The dose 
calculation time was then added to the time of the 
optimization process. 

Statistical analysis	
Statistical analysis was conducted using SPSS 

version 27.0.1 (IBM SPSS Statistics, IBM Co., Ar-
monk, New York, USA). This analysis assessed the 
significant differences between the plan quality 
parameters and dosimetric indexes, CIICRU and HI, 
of PTVs as well as the dose levels on the OARs. 

The planning time and the differences in FOV 
were also analyzed. The Shapiro-Wilk test was 
employed to assess the normality of the data. A 
Wilcoxon sign-rank test was used for significant 
difference analysis between the highest resolu-
tion scenario (H/H resolution scenario) and each 
of the others at a 95% confidence interval (p < 
0.05).

RESULTS
The results of the various resolutions and the 

optimization and dose calculations of the treat-
ment planning were assembled. The results were 
classified in terms dosimetric parameters of the 
target and OARs, treatment planning time and 
dosimetric parameters of various FOV. 

Dosimetric parameters on the targets and OARs
The dosimetric parameters of the PTV70.0, 

PTV59.4 and PTV54.0 are reported in Table 3. The 
values are expressed as mean percentage dose 
difference (standard deviations: SD) compared 
to dose constraints. The relative values of the 
nine scenarios were normalized by the dose con-
straints as listed in Table 2. Figure 1 shows the 
plots of PTV dosimetric results of all scenarios.  

Table 3. Mean percentage dose difference (SD) compared to dose constraint of target parameters in various 
resolutions of optimization and dose calculation.

Target Parameter
Optimization/calculation resolution scenario (%)

H/H H/M H/L M/H M/M M/L L/H L/M L/L

PTV70

CI

HI

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

96.92
(0.74)
100.64
(0.46)
97.84
(5.44)

15.42
(9.04)

10.71
(5.09)

105.15
(4.11)

100.17
(1.30)

100.36
(0.51)
101.68
(1.00)

96.54
(0.73)
100.46
(0.43)
97.51
(5.36)

14.20
(10.46)

10.61
(5.03)

104.94
(4.04)
99.84
(1.36)

100.14
(0.52)
101.35
(1.16)

95.98
(0.77)

100.03
(0.50)
96.69
(5.16)

9.70
(9.46)

10.84
(4.78)

104.49
(3.93)
98.96
(1.43)

99.72
(0.56)

100.39
(1.30)

97.21
(0.68)
100.98
(0.43)
98.30
(5.53)

19.30
(11.75)

10.53
(5.16)

105.49
(4.25)
100.77
(1.24)

100.54
(0.76)

102.48
(1.15)

96.78
(0.67)
100.79
(0.44)
98.01
(5.45)

16.89
(11.26)

10.37
(5.07)

105.24
(4.18)

100.50
(1.38)

100.44
(0.46)

102.16
(1.15)

96.16
(0.68)
100.35
(0.43)
97.19
(5.23)

11.79
(10.21)

10.53
(4.84)

104.76
(4.00)
99.62
(1.44)

100.00
(0.46)

101.15
(1.20)

97.88
(0.70)
101.24
(0.44)
98.34
(5.62)

26.09
(13.87)

11.17
(5.28)

106.31
(4.33)
100.61
(1.34)

100.83
(0.53)

102.27
(0.94)

97.42
(0.66)
101.5
(0.42)
98.12
(5.54)

23.54
(13.43)

10.91
(5.17)

06.05
(4.25)
100.23
(1.86)

100.66
(0.53)

102.11
(1.03)

96.73
(0.72)
100.64
(0.42)
97.49
(5.37)

18.56
(12.27)

10.81
(4.95)

105.53
(4.14)
99.78
(1.49)

100.21
(0.58)

101.48
(1.13)

H, high resolution; M, medium resolution; L, low resolution; PTV, planning target volume; CI, conformity 
index; HI, homogeneity index and Dx%, dose at x% volume
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At the PTV70.0, all scenarios had a mean percentage  
dose difference of D2% lower than 100%. This 
means that all plans had a high dose lower than 
2% of PTV70.0. In comparison, all scenarios showed 
a significant difference when compared to the 
highest resolution scenario (p ≤ 0.004). At the 
target dose, the D50% of PTVs had a value of over a 
hundred percent which shows all PTVs received 
the prescribed dose, with the exception of the 
PTV54.0 in the H/L scenario. Although PTV54.0 in 
this scenario received a dose lower than the pre-
scription, the range of prescribed doses was ac-
ceptable. The dosimetric parameters were statis-
tically analyzed as shown in Table 4. This analysis 
demonstrated a significant difference between 
the H/H scenario and all scenarios of PTV70.0 (p < 

0.004), PTV59.4 (p ≤ 0.001) and PTV54.0 (p ≤ 0.024), 
with the exception of the L/L scenario of PTV70.0 
and M/M scenario of PTV59.4. These results revealed 
a percentage of D98% lower than a hundred in 
all scenarios of PTV70.0 and PTV54.0. On the other 
hand, the PTV59.4 received a dose of D98%, lower 
than the hundred in the H/M, H/L, M/L and L/L 
scenarios. Statistical analysis showed a signifi-
cant difference among all scenarios of PTV70.0 (p 
< 0.004), PTV59.4 (p ≤ 0.001) and PTV54.0 (p ≤ 0.007).

The CIICRU and HI were also observed in this 
study. The percentages are presented in Figure 
2a. The results show the lowest and highest values 
of CIICRU in the H/L and L/H scenarios, respec-
tively. On the HI, the lowest value was the M/M 
scenario, whereas the highest value was the L/H 

Table 4. Statistical analysis (p-value) of target dosimetric parameters in various resolutions of optimization and dose cal-
culation using the highest resolution scenario (H/H resolution scenario) benchmark

Target Parameter
Optimization/calculation resolution scenario (%)

H/H H/M H/L M/H M/M M/L L/H L/M L/L

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

CI
HI
D50%

D98%

D50%

D98%

p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001

p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001

p < 0.001
p < 0.001
p < 0.001
p < 0.001
p = 0.008
p < 0.001
p < 0.001
p < 0.001
p < 0.001

p = 0.004
p < 0.001
p < 0.001
p = 0.015
p < 0.001

-
p < 0.001
p = 0.024
p < 0.001

p < 0.001
p < 0.001
p < 0.001
p < 0.001
p = 0.024
p < 0.001
p < 0.001
p < 0.001
p < 0.001

p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001

p < 0.001
p < 0.001
p < 0.001
p < 0.001
p <0.001
p < 0.001
p = 0.001
p < 0.001
p < 0.001

p < 0.001
-

p < 0.001
p < 0.001
p = 0.014
p < 0.001
p < 0.001
p < 0.001
p = 0.007

H, high resolution; M, medium resolution; L, low resolution; PTV, planning target volume; CI, conformity index; HI, homo-
geneity index and Dx%, dose at x% volume
p-value was expressed only the data that had p-value less than 0.05
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scenario. A significant difference was found in all 
scenarios on both the CIICRU (p ≤ 0.015) and HI (p 
≤ 0.024). 

Table 5 summarizes the data on OARs expressed 
as mean percentage (SD) dose by the organ dose 
constraints normalization. Figure 3 shows the 
percentage dose level of the normal organs of 

interest. All OARs had a percentage lower than 
a hundred percent. This means these OARs met 
the criteria of the organ dose, with the exception 
of both parotid glands. A significant difference 
in OARs was also observed as shown in Table 6.  
The analysis shows that there was no significant 
difference in the H/M and H/L (p > 0.05) on the 

Table 5. Mean percentage dose difference (SD) compared to dose constraint of organs at risks parameters in various res-
olutions of optimization and dose calculation

Organs at risk Parameter
Optimization/calculation resolution scenario (%)

H/H H/M H/L M/H M/M M/L L/H L/M L/L

Brainstem

Spinal cord

Lt parotid

Rt parotid

Optic chiasm

Lt optic nerve

Rt optic nerve

Lt globe

Rt globe

Opt and calc time

D2%

D2%

D50%

D50%

D2%

D2%

D2%

Dmean

Dmean

Sec

91.28
(9.76)
68.01
(12.27)
105.95
(37.71)
104.18
(37.33)
74.56

(32.90)
79.07

(30.38)
77.32

(28.72)

37.81
(20.00)
38.02
(17.73)
377.35
(96.99)

91.29
(9.65)
68.48
(12.09)
106.97
(36.94)
105.26
(36.68)
75.03
(32.97)
79.38

(30.53)
77.69

(28.87)

37.97
(20.18)
38.32
(17.75)
337.94
(90.69)

91.43
(9.44)
69.93
(12.20)
108.92
(35.46)
107.26
(35.40)
74.63

(33.30)
79.86

(30.82)
78.32
(29.17)

38.28
(20.34)
38.66
(17.91)
328.38
(89.26)

91.59
(9.75)
67.92
(12.20)
105.88
(38.06)
104.56
(37.56)
74.58

(32.76)
78.78

(30.16)
76.06
(29.07)

38.08
(20.35)
38.19
(17.69)
161.37

(49.60)

91.55
(9.65)
68.45
(12.37)
106.94
(37.23)
105.46
(37.05)
74.82

(32.94)
79.09

(30.32)
77.76

(28.78)

38.28
(20.42)
38.33
(17.74)
121.89
(38.21)

91.68
(9.40)
69.70
(12.35)
108.23
(35.52)
108.07
(35.85)
75.44

(33.36)
79.69

(30.67)
78.24

(29.01)

38.64
(20.60)
38.80
(17.92)
110.89
(36.03)

92.13
(10.18)
66.13
(13.21)
106.13
(38.86)
104.32
(39.20)
74.48

(32.87)
79.10

(30.53)
77.75

(29.02)

36.45
(19.38)
37.27
(17.34)
121.89
(27.56)

92.05
(10.15)
66.48
(13.28)
107.08
(38.05)
105.43
(38.56)
73.71

(32.85)
79.28

(30.54)
77.79

(29.04)
p = 0.003

36.59
(19.42)
37.44
(17.37)
80.67
(16.07)

92.09
(9.94)
67.66
(13.27)
108.91
(36.49)
107.38
(37.22)
74.93

(33.26)
79.48

(30.69)
78.04
(29.10)

p < 0.001
37.02
(19.63)
37.83
(17.52)
70.92
(14.01)

H, high resolution; M, medium resolution; L, low resolution; Dmean, mean dose; Dx%, dose at x% volume; Opt, optimization 
and calc, calculation; Lt, letf; Rt, right; Sec, second

Table 6. Statistical analysis (p-value) of organs at risk and time with various resolutions of optimization and dose calculation 
using the highest resolution scenario (H/H resolution scenario) as a benchmark

Organs at risk
Para- 
meter

Optimization/calculation resolution scenario (%)

H/H H/M H/L M/H M/M M/L L/H L/M L/L

Brainstem
Spinal cord
Lt parotid
Rt parotid
Optic chiasm
Lt optic nerve
Rt optic nerve
Lt globe
Rt globe
Opt and calc time

D2%

D2%

D50%

D50%

D2%
D2%

D2%

Dmean

Dmean

Sec

-
p < 0.001
p < 0.001
p < 0.001
p = 0.036
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001

-
p < 0.001
p < 0.001
p < 0.001
p = 0.008
p < 0.001
p < 0.001
p < 0.001
p < 0.001
p < 0.001

p = 0.005
-
-
-
-
-
-
-
-

p < 0.001

p = 0.014
p = 0.013
p < 0.001
p < 0.001

-
-

p < 0.001
-
-

p < 0.001

p = 0.005
p < 0.001
p < 0.001
p < 0.001
p = 0.01

p = 0.002
p < 0.001
p = 0.015
p < 0.001
p < 0.001

p < 0.001
p < 0.001

-
-
-
-
-

p = 0.002
-

p < 0.001

p < 0.001
p < 0.001
p = 0.011
p = 0.012

-
-

p = 0.003
p = 0.002

-
p < 0.001

p < 0.001
-

p < 0.001
p < 0.001

-
-

p < 0.001
-
-

p < 0.001

H, high resolution; M, medium resolution; L, low resolution; Dmean, mean dose; Dx%, dose at x% volume; Lt, letf; Rt, right; Opt, 
optimization;  Sec, second
p-value was expressed only the data that had p-value less than 0.05
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brainstem, whereas there was a significant dif-
ference (p = 0.005) in the M/H. Two scenarios,  
M/M and L/M, almost had a significant difference  
(p ≤ 0.014) in similar organs. However, the L/M 
scenario showed one additional organ with a  
significant difference (p = 0.002) in the left globe.  
The L/H scenario showed a significant difference  
on the brainstem (p < 0.001), spinal cord (p < 0.001)  
and left globe (p = 0.002). The L/L scenario  
showed a significant difference (p < 0.001) regard-
ing the brainstem, both the parotid and right 
optic nerve. Only the M/L scenario was signi- 
ficantly different on all OARs (p ≤ 0.015). 

Treatment planning time
The planning time is presented on the rows  

labelled Opt and Cal time in Table 5. The planning 
time was the longest in the highest resolution 
of the optimization, whereas the lowest resolu-
tion had the lowest computational time. In Table 
6, The results show a significant difference (p < 
0.001) between the highest resolution and other 
scenarios. The planning time in each resolution 
scenario is shown in Figure 2b. 

Dosimetric parameters by various FOV
The mean percentage difference compared 

to dose constraint of the target for each FOV is 
summarized in Table 7. The results show that the 
D98% of PTV70.0 in the FOV 500 mm provided the 
highest dose level, whereas the highest dose level 
was observed in the D50% of PTV59.4 in the FOV 650 

mm. Other dosimetric parameters showed simi-
lar results. The different dose levels for each FOV 
are shown in Figure 4. As shown in Table 8, for 
most scenarios there were no significant differ-
ences in dose parameters.

DISCUSSION
This study explored the impact of treatment 

plan quality using various resolutions of both 
dose calculation and optimization. Nine treat-
ment plan scenarios with different resolutions 
were created for the investigation. In the inverse 
treatment planning, the photon fluence was de-
termined in the first step (14). This compromised 
the photon fluence between the dose on the tar-
get and OARs as those were constraints (14). Since 
the constraints were accepted, the final dose cal-
culation determined the dosage (15). This means 
that the photon optimization and dose calcula-
tion were separate processes, thus the resolution 
can differ between these two steps. 

Dosimetric parameters of the targets and OARs
In PTVs, the results showed an increasing dose 

level when the dose calculation resolution was in-
creasing. These results show the same pattern as 
those observed by Srivastava et al. (10), Kim et al. 
(6) and Kawashima et al. (5). In contrast, the op-
posite results were observed in optimization reso- 
lution. Resolutions presented with an increasing 
dose level when the resolution was decreased. 
The main impact would be raised by number of 
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Figure 2. Percentage value difference of PTV70.0 dosimetric indexes and treatment 
planning time in various resolutions of the optimization and dose calculation. 
(a) Percent difference of CIICRU and HI and (b) Treatment planning time.
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Figure 2. Percentage value difference of PTV70.0 dosimetric indexes and treatment planning time in various resolutions of 
the optimization and dose calculation. (a) Percent difference of CIICRU and HI and (b) Treatment planning time.
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Table 7. Mean percentage difference (SD) compared to dose constraint of target parameters in various fields of 
view (FOV), resolution of optimization and dose calculation

Target Parameter
Optimization/calculation resolution scenario (%)

H/H H/M H/L M/H M/M M/L L/H L/M L/L

FOV 500 mm

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

0.98
0.98
96.82
(0.45)
100.83
(0.22)
100.17
(0.60)
105.03
(3.77)

100.39
(0.91)

100.58
(0.28)
102.71
(0.70)

0.98
1.95

96.51
(0.45)
100.69
(0.25)
99.89
(0.60)
104.83
(3.70)
100.15
(0.82)
100.42
(0.25)
102.51
(0.77)

0.98
3.91

96.58
(1.03)
100.72
(0.84)
99.60
(0.31)

105.09
(4.61)
99.80
(0.22)
100.36
(0.59)
102.14
(1.40)

1.95
0.98
97.14
(0.62)
101.06
(0.49)
100.52
(0.51)
105.13
(3.81)

100.84
(1.07)
101.02
(0.10)
103.14
(1.15)

1.95
1.95

96.81
(0.64)
100.92
(0.49)
100.24
(0.44)
104.93
(3.74)

100.64
(0.96)
100.89
(0.10)
102.97
(1.22)

1.95
3.91

96.28
(0.64)
100.60
(0.51)
99.50
(0.27)
104.56
(3.65)
99.94
(0.81)
100.57
(0.11)

102.37
(1.45)

3.91
0.98
97.62
(0.59)
101.42
(0.20)
100.69
(0.79)
105.91
(4.10)
101.05
(1.27)

100.84
(0.22)
103.02
(0.47)

3.91
1.95

97.30
(0.60)
101.28
(0.20)
100.46
(0.82)
105.72
(4.07)
100.86
(1.20)
100.74
(0.23)
102.92
(0.54)

3.91
3.91

96.74
(0.65)
100.95
(0.24)
99.81
(0.90)
105.30
(3.96)
100.32
(1.01)

100.48
(0.24)
102.50
(0.81)

FOV 550 mm

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

1.07
1.07

96.59
(0.70)
100.56
(0.51)
96.94
(6.71)

104.42
(3.20)
100.01
(1.47)

100.50
(0.45)
101.83
(0.78)

1.07
2.15

96.27
(0.71)

100.40
(0.50)
96.65
(6.60)
104.27
(3.17)
99.66
(1.50)

100.28
(0.45)
101.50
(1.11)

1.07
4.30
95.68
(0.72)
99.98
(0.51)
96.00
(6.27)
103.84
(3.09)
98.85
(1.54)
99.88
(0.43)
100.66
(1.15)

2.15
1.07

96.88
(0.54)
100.83
(0.44)
97.32
(6.86)
104.78
(3.28)
100.41
(1.39)

100.46
(1.07)

102.45
(1.34)

2.15
2.15

96.50
(0.52)
100.65
(0.44)
97.05
(6.78)
104.56
(3.25)
100.15
(1.60)
100.51
(0.41)
102.14
(1.31)

2.15
4.30
95.91
(0.53)
100.27
(0.45)
96.41
(6.45)
104.12
(3.16)
99.40
(1.63)
100.10
(0.40)
101.30
(1.32)

4.30
1.07

97.57
(0.60)
101.11
(0.47)
97.39
(6.94)
105.60
(3.45)
100.37
(1.53)
100.91
(0.47)
102.36
(0.92)

4.30
2.15
97.16
(0.61)

100.95
(0.47)
97.21
(6.83)
105.37
(3.43)
99.69
(2.46)
100.77
(0.46)
102.20
(0.99)

4.30
4.30
96.49
(0.64)
100.56
(0.47)
96.66
(6.57)
104.89
(3.35)
99.62
(1.60)

100.28
(0.62)
101.65
(1.09)

FOV 650 mm

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

1.27
1.27

97.18
(0.71)

100.67
(0.44)
98.17
(4.77)
105.71
(4.77)

100.27
(1.25)

100.23
(0.56)
101.42
(1.09)

1.27
2.54
96.73
(0.73)
100.47
(0.39)
97.82
(4.70)
105.43
(4.69)
99.93
(1.34)
99.99
(0.57)
101.07
(1.15)

1.27
5.08
96.12
(0.73)
99.98
(0.39)
96.81
(4.59)
104.89
(4.48)
98.92
(1.45)
99.52
(0.55)
99.95
(1.19)

2.54
1.27

97.47
(0.70)
101.07
(0.41)
98.72
(4.79)

106.06
(4.96)
101.01
(1.14)

100.54
(0.50)
102.40
(1.01)

2.54
2.54

96.98
(0.73)
100.88
(0.42)
98.39
(4.71)

105.78
(4.88)
100.73
(1.25)

100.33
(0.48)
102.06
(1.04)

2.54
5.08
96.33
(0.74)
100.38
(0.40)
97.44
(4.60)
105.24
(4.65)
99.73
(1.39)
99.85
(0.46)
100.88
(1.01)

5.08
1.27

98.14
(0.70)
101.31
(0.42)
98.72
(4.90)
106.88
(4.99)
100.72
(1.23)
100.77
(0.60)
102.11
(0.96)

5.08
2.54
97.63
(0.65)
101.10
(0.40)
98.47
(4.85)
106.58
(4.88)
100.53
(1.32)

100.57
(0.60)
101.93
(1.07)

5.08
5.08

96.90
(0.76)
100.65
(0.39)
97.78
(4.75)

106.03
(4.75)
99.83
(1.49)
100.12
(0.58)
101.21
(1.13)

Opt, optimization; Cal, calculation; H, high resolution; M, medium resolution; L, low resolution; PTV, planning 
target volume and Dx%, dose at x% volume

Opt resolution (mm)
Cal resolution (mm)

Opt resolution (mm)
Cal resolution (mm)

Opt resolution (mm)
Cal resolution (mm)
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Figure 3. Comparison of percentage dose differences with dose constraint of organs at risk and dosimetric parameters in 
various resolutions of optimization and dose calculation.

Table 8. Statistical analysis (p-value) of target dosimetric parameters in various FOV

Target Parameter
Optimization/calculation resolution scenario (%)

H/H H/M H/L M/H M/M M/L L/H L/M L/L

FOV 500 mm vs FOV 550 mm (p-value)

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-

0.044
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

FOV 550 mm vs FOV 650 mm (p-value)

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

0.026
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-

0.048
-

0.009
-
-
-
-
-
-

0.033
-
-
-
-
-
-

-
-
-
-
-
-
-

0.023
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

FOV 500 mm vs FOV 650 mm (p-value)

PTV70

PTV59.4

PTV54

D2%

D50%

D98%

D50%

D98%

D50%

D98%

-
-
-
-
-
-
-

-
-
-
-
-
-

0.037

-
-
-
-
-

0.036
0.024

-
-
-
-
-

0.049
-

-
-
-
-
-

0.03
-

-
-
-
-
-

0.024
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-

FOV, field of view; H, high resolution; M, medium resolution; L, low resolution; PTV, planning target volume and 
Dx%, dose at x% volume. 
p-value was expressed only the data that had p-value less than 0.05
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elements contained in each structure volume, 
particularly around the boundary of the struc-
ture. The elements at the object boundary are 
taken into account differently in the structures, 
depending on each TPS. In the optimization pro-
cess of VOLOTM Ultra, a whole voxel was included 
in the PTVs if its partial volume was involved (15). 
Additionally, an accelerated optimization method  
was used to decrease the planning time. This 
method employed a lower resolution level in the 
optimization step (15). However, this down sam-
pling was used only on the first or second optimi-
zation round (15). The enlargement of the target 
could be observed in this process and was de-
pendent on the chosen resolution. The voxel of 
the optimization increased the size of the target 
volume when the low resolution was selected. 
This impact can be observed in Figure 1. However,  
the results found differences in the PTV59.4 and 
PTV54.0 at the level D98%. These results showed the 
radiation dose was reduced when a low resolu-
tion of optimization was used.  As the IMRT tech-
nique was employed in this study, the concept of 
target enlargement also applied across all targets, 
i.e., PTV70.0, PTV59.4 and PTV54.0. Although all targets 
were enlarged, the PTV59.4 and PTV54.0 lost a num-
ber of voxels due to the overlap and the adjacent 
region between each target, respectively. 

The results demonstrated that there was a 
significant difference in almost all resolution sce-
narios when compared to the highest resolution. 
These differences were within 2.5%, which would 
indicate no significant difference in clinics. How-
ever, the coverage of PTV70.0 (D98%) was found to be 
under 100% in all scenarios. This illustrates that the 
PTV70.0 receives a lower dose than the constraints 
due to the partial adjacency of the brainstem. This 
demonstrates that the enlargement of the PTVs 
might have less impact on the adjacent normal 
organ as shown by the dose values on brainstems 
in Figure 3. Although the TPS calculated the dose 
using a similar dose constraint, the performance 
of M/H, M/M, L/H and L/M scenarios showed a 
higher dose coverage than the H/H scenario. As 
part of the H/H scenario, these might be candi-
dates of interest.

With regard to conformity, the results showed 
that the CIICRU value was similar in pattern to the 
PTV70.0. The volume of a radiation dose is the nu-
merator in this formula. These calculations con-

firm the assumption that the PTVs are enlarged 
by the increasing CIICRU value when the resolution 
of the optimization is decreased. The dose calcu-
lation resolution demonstrated that the volume 
of radiation was rapidly decreased by decreas-
ing the resolution. By the binary numeric based 
calculation, the voxel of deposited dose would be 
enlarged by 2n as well. Although the concept of 
optimization might differ between each TPS, this 
tendency of the dose calculation resolution also 
confirms the work of Srivastava et al. (10), Kim et. 
al. (6) and Chow et al. (16) In contrast, this was not 
observed in the HI value.  As the formula for HI  
focused on the dose level, this study found a similar 
level of value in all resolution scenarios. However,  
this also revealed that all resolution scenarios 
would provide a similar dose range between D98% 
and D2% dose levels. In Figure 2a, the CIICRU value 
of a low optimization resolution presented with 
the highest value. This might indicate a limitation 
of using this resolution in the optimization step.

On the OARs, similar dose levels were also ob-
served among some resolution scenarios. Similar 
dose levels were found on the brainstem, optic 
chiasm, both optic nerves and both globes. In the 
craniocaudal direction, an axial fan beam of the 
tomotherapy might involve a less inferior volume 
to these organs. This could be a reason that these 
organs were less impacted by various resolution 
scenarios. This is in contrast with the work of 
Srivastava et al. (10) that investigated using the 
C-arm based linear accelerator. The impact may 
increase with the size of the MLC. In our study, 
two other organs impacted by the various reso-
lution scenarios were the spinal cord and both 
parotids. This result also confirms the work of 
Srivastava et al. (10). These three structures are 
located close to all PTVs. The increase in PTVs 
voxels must impact the volume of these struc-
tures. However, all OARs met the acceptance cri-
teria, with the exception of both parotids. Due to 
the overlapping structures of the PTVs, the paro- 
tids might not have been kept within the criteria of 
the study, but this could be acceptable in clinics.  
Although all organs met the criteria, with the 
exception of both parotid glands, no significant 
differences were found regarding the resolution 
between the H/H and M/H scenarios. This sce-
nario might represent an interesting resolution in 
clinical practice. 
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Figure 4. Mean percentage dose difference compared to dose constraint of PTVs dosimetric parameters in various reso-
lutions of optimization and dose calculation and field of view (FOV). (a)  Mean dosimetric parameters in FOV500 mm, (b) 
Mean dosimetric parameters in FOV550 mm and (c) Mean dosimetric parameters in FOV650 mm.
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Treatment planning time
Regarding treatment planning time, other  

publications (5-7, 12) report that the most time- 
consuming practice was with the highest resolu-
tion. The present study found similar results. The 
treatment planning time would be higher for the 
optimization process than for the dose calcula-
tion process. Anchoring the optimization time, 

the treatment planning time was average regards 
the optimization group. This showed that the 
planning time would decrease from high resolu-
tion to low resolution by the steps of the binary 
numeric base which were 347.89 sec (~ 28 sec), 
131.38 sec (~ 27 sec) and 91.16 sec (~26 sec) for high, 
medium and low resolution, respectively.



Sirirad Tongta, et al.

148		  Biomedical Sciences and Clinical Medicine 2025;64(2):137-149.

Dosimetric parameters by various FOV
The FOV was one of the factors investigated 

in this study. In most scenarios, no significant 
differences were observed among the dosimetric 
PTVs parameters. Although the resolution of op-
timization and dose calculation were dependent 
on the FOV, the difference in the voxel size did 
not exceed 2.54 mm when the high and medium 
resolutions were applied. For these ranges of the 
FOV, the low-resolution level is not recommended.

The influence of optimization and dose calcu-
lation resolution on the targets and OARs dose is 
summarized in Table 9. The highest resolution of 
the optimization and dose calculation are recom-
mended for the treatment planning. This resolu- 
tion requires a longer planning time for generating 
the treatment plan. However, that may not impact 
centers that have a smaller number of patients. In 
many treatment centers the lower resolution can 
reduce the treatment planning time while main-
taining optimal quality. Although the VOLOTM  
Ultra is a new technology in tomotherapy treatment 
planning and has an algorithm of accelerated op-
timization, the resolution can be selected for the 
optimization and dose calculation process. The 
selection of the lower resolution (medium reso-
lution) can provide a shorter treatment planning 
time while retaining a plan quality equal to the 
highest resolution.

This study observed the impact of optimization 
and dose calculation resolution in the VOLOTM 
Ultra only for the high to low resolution. In this 
TPS, a very low resolution can be selected, a reso- 
lution that was not included in this study. This 
might be a limitation of this investigation. On the 
other hand, the accelerated optimization method  
was integrated in this program but not on the 
classic Precision® which might be an area of in-
terest in future research. 

CONCLUSIONS
This study investigated the impact on plan 

quality of using various resolutions of optimiza-
tion and dose calculation. The results show that 
the resolution of M/H and M/M are of particu-
lar interest. These scenarios provide a higher 
dose coverage, have a mild impact on OARs and a 
moderate impact on conformity. The most bene-
ficial of these scenarios can reduce the treatment 
planning time by 37.8% without a modification in 
the dose constraint. In this study, the plan quality  
was found to have had no impact with various 
FOVs of the CT image.
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