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Plan quality analysis of intracranial stereotactic radiosurgery 
treatment planning in different grid sizes and photon fluence 

smoothness 

INTRODUCTION 

Stereotactic radiosurgery and radiotherapy (SRS/
SRT) are characterized by the delivery of high 
radiation doses over a limited number of treatment 
sessions. Originally developed for intracranial 
lesions, this technique is now implemented across 
various platforms, including Gamma Knife® (1, 2), 
Linear accelerators (Linacs) (1, 3), Tomotherapy (4-7), 
and CyberKnife® (7-8). In Linac-based treatments, 
beam shaping is typically achieved using either 
Cylindrical Collimators (CC) or Multi-Leaf Collimators 
(MLC). While CCs are often preferred for their 
superior plan quality in treating small (3, 9), solitary 
lesions, MLCs remain a versatile alternative (3, 9-11). 
They facilitate advanced delivery methods such as 3D 
conformal radiotherapy (3DCRT), intensity-
modulated radiotherapy (IMRT), and intensity-
modulated arc therapy (IMAT). 

IMAT is frequently utilized in SRS/SRT because it 
merges intensity modulation with rotational arc 
delivery. This complex approach necessitates 

sophisticated treatment planning to optimize photon 
fluence, ensuring a balance between target coverage 
and the protection of Organs at Risk (OARs). The 
precision of these calculations is heavily influenced 
by the selected grid size within the Treatment 
Planning System (12, 13) (TPS). While finer grid sizes 
enhance accuracy, they often extend planning time 
and can introduce noise into dose distributions (13). 
Consequently, planner must choose appropriate grid 
sizes for both the optimization and final dose 
calculation stages.  

During optimization, the TPS determines the 
photon fluence for the target and surrounding OARs. 
This process includes a "photon fluence smoothness" 
setting, which manages the transition of fluence 
between adjacent voxels in the optimization grid. 
Together, the optimization grid, dose calculation grid, 
and smoothness settings significantly influence the 
final plan quality, especially for small lesions (14, 15). 
While high-volume cancer centers must balance 
accuracy with efficiency, the specific interaction 
between these three parameters remains under-
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ABSTRACT 

Background: Inverse treatment planning provides superior dose conformity and steep 
dose gradients, which are essential for Stereotactic Radiosurgery and Radiotherapy 
(SRS/SRT). Given the critical nature of dose optimization and calculation, this study 
investigates how different grid sizes and photon fluence smoothing levels influence 
plan quality outcomes. Materials and Methods: Using ten SRS/SRT cases, eight 
distinct planning scenarios were generated by cross-referencing 2 mm and 3 mm grid 
sizes for both optimization and final dose calculation, alongside two levels of fluence 
smoothing. Plan quality was evaluated via dose coverage, Homogeneity Index (HI), 
Conformity Index (CI), and Gradient Distance (GD). Statistical significance was assessed 
at a 95% confidence interval, utilizing a weighted scoring system to benchmark 
performance against a standard 2 mm grid protocol. Results: Utilizing a 3 mm grid for 
optimization followed by a 2 mm grid for final dose calculation yielded significantly 
better results for dose coverage and GD, though it produced a lower CI. Despite this, 
the weighted performance scores for this configuration exceeded the benchmark. 
Furthermore, the level of photon fluence smoothing (low vs. medium) did not 
significantly impact the plan quality outcome. Conclusion: A larger optimization grid (3 
mm) paired with a finer calculation grid (2 mm) produces plan quality comparable to 
using a fine grid for both stages. These results suggest that planning efficiency can be 
improved without compromising clinical quality, regardless of the fluence smoothing 
level. 
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researched. Although previous studies have 
examined the impact of dose calculation grid sizes (12-

15), there is a lack of data regarding how they 
interplay with optimization grids and fluence 
smoothing. This study aims to fill that gap by 
evaluating these relationships within the context of 
intracranial SRS/SRT. 

 
 

MATERIALS AND METHODS 
 

Ethical statement 
Treatment planning information was 

retrospectively compiled from patients undergoing 
intracranial SRS/SRT from early 2022 through April 
2023. This research was conducted in accordance 
with the approval of the Faculty of Medicine Research 
Ethics Committee, Chiang Mai University (Study code: 
RAD-2566-0157). 

1032 

Computed tomography simulation image set 
Eligible patients for SRS/SRT underwent 

immobilization via a bi-valve stereotactic 
thermoplastic mask system (Models R406-1 and 
RBSRS-02, Klarity®, Guangzhou, China,), which 
integrated a bite-block for stability. For treatment 
planning, a 1mm-slice CT scan was captured using a 
SOMATOM® Definition AS simulator (Siemens 
Healthineer Inc., Forchheim, Germany). To ensure 
precise delineation of the target volumes and organs 
at risk (OARs), these CT images were co-registered 
with 3D T1-weighted MR images (1mm thickness) 
obtained from a 1.5T SIGNA Horizon scanner (GE 
Healthcare, WI, USA). The Planning Target Volume 
(PTV) was defined by applying a 2 mm margin to the 
Gross Tumor Volume (GTV). Patient demographics 
are summarized in table 1. 
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Table 1. Patient characteristics and beam geometries of the intra-cranial SRS/SRT. 
Case Dx GTV (cc) PTV (cc) Prescription (Gy) Fxs Arc (No.) Arc range (degree) Couch angle (degree) 

1 AVM 0.11 0.26 20.0 1 5 300/ 300/130/ 130/ 130 0/ 0/270/ 315/ 45 
2 Vestibular schwannoma 0.14 0.54 25.0 5 4 300/130/ 130/ 130 0/270/ 315/ 45 
3 Brain metastasis 0.68 1.21 20.0 1 5 300/ 300/130/ 130/ 130 0/ 0/270/ 315/ 45 
4 DAVF 1.03 1.91 20.0 1 5 300/ 300/130/ 130/ 130 0/ 0/270/ 315/ 45 
5 Pituitary macroadenoma 1.34 2.23 25.0 5 4 300/ 130/ 130/ 130 0/ 270/ 315/ 45 
6 AVM 1.99 4.75 28.0 4 4 300/ 130/ 130/ 130 0/ 270/ 315/ 45 
7 AVM 2.67 6.23 28.0 4 4 300/130/ 130/ 130 0/270/ 315/ 45 
8 Brain metastasis 5.97 17.23 27.0 3 4 300/130/ 130/ 130 0/270/ 315/ 45 
9 AVM 10.78 20.89 28.0 4 4 300/130/ 130/ 130 0/270/ 315/ 45 

10 AVM 15.75 25.76 30.0 5 4 300/130/ 130/ 130 0/270/ 315/ 45 
Mean 4.05 8.10 25.10 3.3 4.3     

SD 5.28 9.50 3.81 1.7 0.5     
Median 1.67 3.49 26.00 4.0 4.0     

Min 0.11 0.26 20.00 1.0 4.0     
Max 15.75 25.76 30.00 5.0 5.0     

Abbreviations: Dx; Diagnosis, GTV; Gross target volume, PTV; Planning target volume, Fxs; Fractions, cc; Cubic centimeter, Gy; Gray, No.; Number, 
AVM; Arteriovenous malformation, DAVF; Dural arteriovenous fistula, SD; Standard deviation, Min; Minimum and Max; Maximum. 

Treatment planning scenarios  
Between January 2022 and April 2023, ten 

treatment plans for patients with single intracranial 
lesions were retrospectively selected for analysis. All 
plans utilized Volumetric Modulated Arc Therapy 
(VMAT) delivered via a 6 MV C-arm linear accelerator 
(Synergy®, Elekta Inc., Crawley, UK). The specific 
beam geometries, dose prescriptions, and 
fractionation schedules employed in clinical practice 
are summarized in table 1. The treatment planning 
process was conducted using the Monaco® TPS 
(Version 5.11, Elekta Inc., MO, USA), utilizing the 
Monte Carlo algorithm for dose distribution. While 
standard clinical protocol employed a 2 mm grid size 
for both optimization and final dose calculation - 
along with a random selection of either “Medium” or 
“Low” photon fluence smoothness - this study 
expanded those parameters. Specifically, eight 
distinct scenarios were evaluated by varying the 
photon fluence smoothness levels and the grid sizes 
for optimization (O) and calculation (C). These 
scenarios, labeled as O/Cmm, are illustrated in figure 
1. To ensure plan quality, the following target 

constraints were strictly applied; Coverage: At least 
99% of the Planning Target Volume (PTV) was 
required to receive the full prescription dose. 
Maximum dose (Dmax): The highest dose was limited 
to less than 125% of the prescribed dose. 

Evaluation of treatment plans 
Plan quality was assessed by analyzing target 

coverage, maximum dose (Dmax) and minimum dose 

Figure 1. Schematic treatment planning by utilizing various 
values of the plan parameters. SRS treatment plan was          

replanned using different photon fluence smoothness. Each of 
this plan was conducted in an interplay between optimization 

and dose calculation grid size. 
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(Dmin) thresholds for the target volume, and Dmax of 
OARs, including the brainstem, optic chiasm, optic 
nerves, globes, lenses, and cochleae. Peripheral dose 
distribution was also monitored, specifically 
examining the volume of the brain and external 
contour receiving a dose at 12 Gy. Furthermore, PTV 
analysis incorporated several established metrics: the 
Homogeneity Index (5, 16, 17) (HI), Conformity Index (18) 
(CI), Conformity Index at 50% of the prescribed 
isodose (5,17,19-20) (CI50), and Gradient Distance (5, 17, 21, 

22) (GD). 
Homogeneity Index (HI): This metric evaluates the 
uniformity of the dose distribution within the target 
area. It is determined by the ratio of the maximum 
dose to the prescribed dose (Dmax/DRx). 
Conformity Index (CI): To assess how well the 
prescription dose encompasses the target, the 
Paddick formalism (18) was employed, which is 
particularly suited for SRS/SRT applications. It is 
calculated as: TV2PIV/(PTV×PIV) where PTV is the 
Planning Target Volume, PIV is the volume 
encompassed by the prescription isodose, and TVPIV is 
the volume of the target receiving the prescription 
dose. 
Conformity Index at 50% (CI50): This index 
characterizes the spread of low-level radiation 
surrounding the target. It is defined as the ratio of the 
volume receiving 50% of the prescribed dose (PIV50) 
to the: PIV50/PIV. 
Gradient Distance (GD): While CI50 offers a ratio, the 
GD provides a linear measurement (in cm or mm) of 
the dose fall-off. Adapted from the Conformity 
Gradient Index (CGI) for greater clarity, it calculates 
the distance between the equivalent radii of the 50% 
and 100% isodose volumes: (∛3PIV50/4π-∛3PIV/4π). 

 

Statistical evaluation and treatment plan 
performance 

To evaluate the performance of the eight 
treatment planning scenarios against the high-
resolution benchmark, a comprehensive statistical 
analysis was conducted. Data normality was first 
assessed using the Shapiro-Wilk test. Based on these 
results, a Paired Student’s t-test was applied to 
normally distributed datasets, while the Wilcoxon 
Signed-Rank Test was utilized for non-parametric 
data. All statistical computations were performed 
using SPSS version 25 (IBM Co., NY, USA). Results 
were considered statistically significant at a 95% 
confidence interval (p<0.05). Furthermore, the 
performance scores for each scenario were weighted 
relative to their respective smoothness benchmarks 

(23). To determine the impact of resolution across 
different photon smoothness categories, the finest 
resolution within the low-smoothness tier was 
compared directly against the medium-smoothness 
tier. 

RESULTS 
 

Table 2 summarizes the dosimetric outcomes for 
the target volume across eight distinct scenarios, 
while table 3 details the corresponding results for the 
OARs. To identify significant variations, a statistical 
analysis was performed to evaluate the impact of 
optimization and dose calculation grid sizes, as well 
as photon smoothing levels. These comparisons were 
conducted across all planned scenarios, utilizing the 
2/2mm grid configuration as the established 
benchmark for performance. 

 

Different dose calculation grid size comparison 
When the optimization grid sizes were kept 

consistent across plan scenarios, notable variations in 
dosimetry parameters emerged, with statistical 
significance (p<0.05) highlighted by the asterisk (*) 
symbol. For target dosimetry at a low photon 
smoothness level, the 2 mm calculation grid size 
yielded significantly better results for target coverage 
(p ≤ 0.009), Dmin (p≤0.028), and GD (p=0.004), though 
it produced significant inferior CI values (p=0.005) 
regardless of the optimization grid size used. Within 
the specific 2 mm optimization grid cohort, the 2 mm 
calculation grid showed significant superior CI50 (p = 
0.007) but resulted in significantly poorer Dmax 
(p=0.005) and HI (p=0.007) outcomes. Similar trends 
were noted at the medium photon smoothness level, 
where the 2 mm calculation grid remained significant 
superior for target coverage (p ≤ 0.007), Dmin (p £ 
0.011), and GD (p=0.005), while Dmax (p£0.013), HI 
(p=0.011) and CI (p≤0.007) were consistently 
significant inferior across both optimization settings. 
Additionally, the CI50  (p=0.005)  for the 2 mm 
optimization grid outperformed the 3 mm calculation 
grid, whereas no significant dosimetric differences 
were detected regarding OARs across any of the 
tested treatment scenarios. 

 

Different optimization grid size comparison 
When dose calculation grid sizes were kept 

consistent across treatment plans, several significant 
dosimetric variations (marked by †) emerged 
between different optimization grid settings. 
Specifically, at a low photon fluence smoothness 
level, employing a 2 mm optimization grid produced 
a significantly better CI (p=0.005) compared to a 3 
mm grid, yet it yielded inferior results for target 
coverage (p≤0.009) and GD (p≤0.011) regardless of 
the final calculation grid size. Within the 3 mm 
calculation grid cohort, the 2 mm optimization setting 
provided significant superior outcomes for Dmax 
(p=0.022) and HI (p=0.016). Under medium 
smoothness conditions, the 2 mm optimization grid 
continued to show significantly better Dmax (p≤0.013), 
HI (p≤0.012), and CI (p=0.007) values, while 

1033 Watcharawipha et al. / SRS plan analysis of various parameters 
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consistently significant underperforming in target 
coverage (p≤0.017) and GD (p≤0.016) across both 
calculation scales. Notably, the 2 mm calculation grid 
only showed a significant improvement in CI50 

(p=0.037) when paired with 2 mm optimization. 
Finally, no significant discrepancies were detected in 
the sparing of OARs across the various planning 
scenarios. 

1034 Int. J. Radiat. Res., Vol. 24 No. 4, October 2026 

Table 2. Mean value and standard deviation (Mean ± SD) of dosimetric parameters on the target using different dose optimization 
grid sizes, dose calculation grid size, and photon fluence smoothness level, and weighted score of each plan scenario. 

Fluence   Low photon smoothness Medium photon smoothness 
Grid (Opt./Dcal) mm 2/2 2/3 3/2 3/3 2/2 2/3 3/2 3/3 

Coverage % 99.29 ± 0.38 97.48 ± 1.07 99.63 ± 0.27 99.24 ± 0.20 99.32 ± 0.39 96.61 ± 2.17 99.65 ± 0.26 99.20 ± 0.23 

  
*(p = 0.009) 
†(p = 0.017) 

 †(p = 0.007) 
‡(p = 0.009) 

*(p = 0.005) 
‡(p = 0.017) 

  
*(p = 0.007) 
†(p = 0.017) 

†(p = 0.005) 
‡(p = 0.007) 

*(p = 0.005) 
‡(p = 0.017) 

  

score 0 -1 1 0 0 -1 1 0 
Dmin Gy 24.20 ± 3.61 23.72 ± 3.67 24.24 ± 3.28 23.95 ± 3.20 24.31 ± 3.52 23.69 ± 3.55 24.13 ± 3.23 23.77 ± 3.17 

  *(p = 0.005) ‡(p = 0.005) *(p = 0.028)   *(p = 0.005)  ‡(p = 0.005) *(p = 0.011) ‡(p = 0.022) 
score 0 -1 0 0 0 -1 0 -1 

Dmax Gy 30.70 ± 4.55 30.06 ± 4.49 31.46 ± 4.50 31.28 ± 4.89 30.87 ± 4.67 30.35 ± 4.80 31.73 ± 4.79 31.32 ± 4.85 

  *(p = 0.005) 
 †(p = 0.022) 
‡(p = 0.005) 

    
*(p = 0.013) 
†(p = 0.013) 

†(p = 0.009) 
‡(p = 0.013) 

*(p = 0.005) 
‡(p = 0.013) 

‡(p = 0.037) 

score 0 1 0 0 0 1 -1 -1 
HI - 1.22 ± 0.02 1.20 ± 0.02 1.26 ± 0.07 1.25 ± 0.03 1.23 ± 0.02 1.21 ± 0.02 1.26 ± 0.03 1.25 ± 0.03 

  *(p = 0.007) 
†(p = 0.016) 
‡(p = 0.007) 

    
*(p = 0.011) 
†(p = 0.012) 

 †(p = 0.008) 
‡(p = 0.011) 

*(p = 0.011) 
‡(p = 0.012) 

‡(p = 0.045) 

score 0 1 0 0 0 1 -1 -1 
CI - 0.74 ± 0.08 0.78 ± 0.06 0.64 ± 0.11 0.68 ± 0.11 0.75 ± 0.07 0.79 ± 0.05 0.64 ± 0.10 0.68  ± 0.10 

  
*(p = 0.005) 
†(p = 0.009) 

†(p = 0.011) 
‡(p = 0.005) 

*(p = 0.005) 
‡(p = 0.009) 

‡(p = 0.041) 
*(p = 0.007) 
†(p = 0.007) 

†(p = 0.007) 
‡(p = 0.007) 

*(p = 0.005) 
‡(p = 0.007) 

‡(p = 0.022) 

score 0 1 -1 -1 0 1 -1 -1 
CI50 - 7.22 ± 4.29 7.53 ± 4.48 7.20 ± 4.01 7.25 ± 3.96 6.76 ± 3.79 7.17  ± 3.91 7.17 ± 3.80 7.21 ± 3.79 

  *(p = 0.007) ‡(p = 0.007)    
*(p = 0.005) 
†(p = 0.037) 

 ‡(p = 0.005)  ‡(p = 0.037) ‡(p = 0.037) 

score 0 -1 1 0 0 -1 -1 -1 
GD mm 6.83 ± 1.62 7.14 ± 1.58 6.32 ± 1.38 6.58 ± 1.37 6.66 ± 1.65 6.97 ± 1.61 6.37 ± 1.44 6.60 ± 1.45 

  
*(p = 0.004) 
†(p = 0.011) 

†(p = 0.008) 
‡(p = 0.004) 

*(p = 0.004) 
‡(p = 0.011) 

  
*(p = 0.005) 
†(p = 0.016) 

 †(p = 0.007) 
‡(p = 0.005) 

*(p = 0.005) 
‡(p = 0.016) 

 

score 0 -1 1 0 0 -1 1 0 
Sum score 0 -1 1 -1 0 -1 -2 -5 

Significant difference: *; Optimization grid size/2 vs Optimization grid size /3, †; 2/Calculation grid size vs 3/Calculation grid size and ‡; each plan 
scenario vs 2/2 benchmark. Abbreviations: Grid (Opt/Dcal); Optimization grid size/Dose calculation grid size, Dmin; Minimum dose, Dmax; Maximum 
dose, HI; Homogeneity index, CI; Conformity index, CI50; Conformity index at 50% dose prescription, and GD; Gradient distance. 

Table 3. Mean Value and Standard Deviation (Mean ± SD) of Dosimetric Parameters on the Organs at Risk Using Different Dose 
Optimization Grid Sizes, Dose Calculation Grid Size, and Photon Fluence Smoothness level. 

Fluence   Low photon smoothness Medium photon smoothness 
Grid (Opt/Dcal) mm 2/2 2/3 3/2 3/3 2/2 2/3 3/2 3/3 

Brainstem Gy 7.59 ± 9.51 7.54 ± 9.48 7.93 ± 10.00 7.93 ± 10.02 7.89 ± 9.58 7.82 ± 9.57 8.09 ± 9.85 8.10 ± 9.84 
Optic chiasm Gy 4.26 ± 7.41 4.18 ± 7.49 4.50 ± 8.10 4.41 ± 7.93 4.61 ± 7.72 4.53 ± 7.48 4.67 ± 8.12 4.57 ± 8.00 

Lt.Optic Nerve Gy 3.55 ± 7.07 3.41 ± 6.85 3.54 ± 6.58 3.51 ± 6.61 3.80 ± 7.10 3.80 ± 7.14 3.52 ± 6.58 3.45 ± 6.48 
Rt.Optic Nerve Gy 1.83 ± 2.74 1.80 ± 2.77 1.63 ± 3.26 1.63 ± 3.26 1.96 ± 3.24 1.90 ± 3.17 1.68 ± 2.64 1.68 ± 2.66 

Lt.Globe Gy 1.21 ± 1.21 1.16 ± 1.15 1.43 ± 1.38 1.42 ± 1.39 1.31 ± 1.70 1.26 ± 1.63 1.54 ± 1.65 1.51 ± 1.63 
Rt.Globe Gy 1.57 ± 1.84 1.53 ± 1.83 1.67 ± 2.33 1.62 ± 2.25 1.89 ± 2.45 1.82 ± 2.34 1.65 ± 1.92 1.57 ± 1.80 

Lt.Len Gy 0.58 ± 0.76 0.57 ± 0.79 0.71 ± 1.02 0.69 ± 0.95 0.76 ± 1.18 0.75 ±1.18 0.84 ±1.30 0.81 ± 1.24 
Rt.Len Gy 0.82 ± 1.12 0.80 ± 1.09 0.86 ± 1.39 0.87 ± 1.40 1.02 ± 1.46 0.99 ± 1.42 0.63 ± 0.78 0.68 ± 0.70 

Lt.Cochlea Gy 2.23 ± 4.55 2.24 ± 4.58 2.46 ± 5.04 2.46 ± 5.06 2.43 ± 5.05 2.39 ± 4.98 2.56 ± 5.52 2.57 ± 5.56 
Rt.Cochlea Gy 3.68 ± 8.37 3.75 ± 8.48 3.51 ± 9.24 3.42 ± 8.95 3.56 ± 8.48 3.57 ± 8.44 3.66 ± 8.87 3.66 ± 8.90 
Brain 12 Gy cc 27.66 ± 33.55 27.72 ± 33.63 27.27 ± 31.68 27.38 ± 31.76 27.39 ± 34.10 27.57 ± 34.40 27.67 ± 31.93 27.78 ± 31.99 

Dose volume 
12 Gy 

cc 43.20 ± 51.80 43.23 ± 52.01 42.43 ± 48.62 42.58 ± 48.67 42.85 ± 53.27 43.14 ± 53.77 43.24 ± 49.90 43.38 ± 49.97 

Abbreviations: Grid (Opt/Dcal); Optimization grid size/Dose calculation grid size, Rt; Right, Lt; Left. 

Different photon fluence smoothness level 
comparison  

Within the same dose optimization and 
calculation grid parameters, the TPS utilizes various 
photon fluence smoothness levels to maintain dose 

consistency across adjacent voxels. Investigations 
into these settings revealed that transitioning from a 
low to a medium smoothness level yields no 
statistically significant impact on the resulting dose 
distribution, provided the grid size remains constant. 
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Different plan scenario compared to the 2/2mm 
grid size benchmark and plan quality weighted 
score 

To achieve high-precision treatment planning, a 
grid size of 2/2mm was established as the baseline 
for dose optimization and calculation. When 
compared to this standard across various photon 
fluence smoothness levels, other grid configurations 
exhibited significant dosimetric shifts (marked by ‡). 
Specifically, at the low smoothness level, the 2/3mm 
grid significantly improved Dmax (p=0.005), HI 
(p=0.007) and CI (p=0.005), yet compromised target 
coverage (p=0.009), Dmin (p=0.005), CI50 (p=0.007) 
and GD (p = 0.004). Conversely, the 3/2mm grid at 
this level significantly enhanced target coverage 
(p=0.017) and GD (0.011) but significantly degraded 
the CI (p=0.009), while the 3/3mm grid showed a 
significant decline only in CI (p=0.041). Within the 
medium smoothness level, the 2/3mm grid 
maintained its pattern of Dmax (p=0.013), HI 
(p=0.011) and CI (p=0.007) alongside inferior target 
coverage (p=0.007), Dmin (p=0.005), CI50 (p=0.005) 
and GD (p=0.005). The 3/2mm configuration under 
medium smoothness improved target coverage (p = 
0.017) and GD (p=0.016) but negatively impacted 
Dmax (p=0.013), HI (p=0.012), CI (p=0.007), and CI50 
(p=0.037). Ultimately, the 3/3mm grid at medium 
smoothness yielded significantly inferior results 
across nearly all metrics, including Dmin (p=0.022), 
Dmax (p=0.037), HI (p=0.045), CI (p=0.022), and CI50 
(p=0.037). 

Determining the superior treatment plan proved 
challenging when comparing the various scenarios. 
However, using a 2/2mm grid size as the benchmark 
for weighted scoring highlighted significant 
disparities in dosimetry parameters. The analysis 
demonstrated that the 3/2mm grid size was the only 
configuration to achieve a positive score, while all 
other evaluated plans resulted in scores below zero. 

 
 

DISCUSSION 
 

The impact of grid size on treatment planning 
quality remains a critical area of investigation, 
specifically concerning the interplay between dose 
calculation, optimization grid sizes, and photon 
fluence smoothness. While previous literature has 
primarily focused on the dose calculation grid (13-15, 24-

27), this study highlights that optimization grid size- 
which dictates photon fluence per unit volume -
fundamentally influences the final dose calculation 
(25).  

Extensive research has highlighted the critical 
role of dose calculation grid size in radiotherapy 
planning (13-15, 24-27). Consistent with existing 
literature, this study observed that finer grid sizes 
improved target coverage and Dmin, though plan 
quality indices such as the HI and CI appeared to 

decrease (24, 25), mirroring findings by Tongta et al. (25) 
These fluctuations stem from the direct impact of 
grid resolution on organ volume representation 
during dose optimization and calculation, particularly 
at target boundaries. As shown in figure 2, increasing 
the dose calculation grid size from 2 mm to 3 mm led 
to an artificial expansion of the 50% and 25% isodose 
volumes. This volumetric enlargement occurred 
consistently when transitioning from the 2 mm 
resolution (figures 2a, 2b, 2e, and 2f) to the 3 mm 
resolution (figures 2c, 2d, and 2h). Consequently, the 
impact on the CI was found to diminish as the dose 
calculation volume decreased. While our finding 
diverged from some studies (13, 15, 25) due to 
differences in indexing formulas, they align with the 
Conformation Number (CN) trends reported by Kim 
et al. (15) Consistent with the CI results, the HI 
followed a parallel trend; specifically, dose 
optimization grid size analysis revealed that plan 
quality improvements were more pronounced at 
medium photon smoothness levels compared to low 
levels. However, these CI and HI findings contrast 
with the results reported by Tongta et al. (25) This 
discrepancy is further evidenced by the distinct dose 
distributions observed between figures 2a–d and 2e–
h, a variation that may be attributed to the utilization 
of different indexing formulas. Regarding the 
comparative analysis of photon fluence smoothness, 
no significant differences were observed between 
low and medium levels, suggesting this parameter 
may not be a critical determinant of overall plan 
quality. However, the impact of alternative 
smoothness levels warrants further investigation. 
While the study recommends utilizing the smallest 
possible grid size for optimal treatment plan 
construction, it acknowledges that this may increase 
preparation time- a practical concern for high-
volume cancer centers managing heavy patient loads 
(26, 27) While this study did not evaluate treatment 
preparation duration, prior research by Tongta et al. 
(25) demonstrated that increasing grid size effectively 
reduces preparation time. Regarding doses to OARs, 
our findings showed no significant differences across 
normal tissues, which deviates from results reported 
in other studies (13, 15, 25) This discrepancy likely stems 
from variations in treatment techniques; specifically, 
SRS utilized here prioritized a steep dose gradient 
outside the target. Because the brain targets were 
localized, the impact on distant surrounding organs 
was minimized. Nevertheless, these results suggest 
that further investigation is warranted for targets 
located in immediate proximity to critical structures. 

 
 

CONCLUSION  
 

This study examined how the interplay between 
dose optimization grid size, dose calculation grid size, 
and photon fluence smoothness levels affects plan 
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quality. The results indicate that utilizing a large dose 
optimization grid followed by a small dose 
calculation grid yields plan quality comparable to 
using small grids for both processes. Furthermore, 
photon fluence smoothness levels were found to have 
no significant impact on these outcomes. 
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Figure 2. The percent dose distribution of an example SRS case 
with interplay among photon fluence smoothness, dose              
optimization grid size, and dose calculation grid size is              

demonstrated. The left column is a low fluence smoothness, 
and the right column is a high fluence smoothness. The dose 
distribution, with an interplay between dose optimization (o) 
and dose calculation (c), is demonstrated in (a, b) o2/c2, (c, d) 
o2/c2, (e, f) o3/c2, and (g, h) o3/c3 where blue line is target 
and two layers of black line are the distance of 5 mm and 10 

mm from the target. 
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