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Background: By dividing the tumour into spheres for the purpose of this study, 
we are investigating whether or not there is a correlation between the degree 
of sphericity of a target volume and the dose distribution. This relationship is 
assessed using the selectivity, gradient index, and Isodose Volume to Target 
Volume (IV/TV) ratios, as well as metrics covering coverage, selectivity, and 
targetvolume.
While planning radiosurgery for vestibular schwannoma, it is important to 
consider both the conformity index and the mean dose. 
Purpose: Covering all the tumour with radiation and reducing the effect of 
radiation on normal tissue and evaluation indices include selectivity, gadient 
Index (GI), and Paddick Conformity Index (PCI). Methods: A cross-sectional 
study, The sphericity degree (φ) was determined for each Target Volume 
(TV) of the fifty patients who had Stereotactic Radiosurgery (SRS) performed 
on them in order to treat vestibular schwannoma, Calculating this parameter 
required developing a theoretical concept for operational sphericity, which 
was done and following are some of the measurements that are used in 
the analysis of the values that were found: Coverage (C), Selectivity (S), 
Gradient Index (GI), Paddick Conformity Index (CI Paddick), and Dose 
Distribution(IV/TV). 

Results: The patients included in this study, the mean age of patients was 
44.54 ± 11.93 years ranging from (20–80) years and the prevalence of females 
in this study is 35 (70%) more than the males 15 (30 %). The prescribed dose 
for vestibular schwannoma patients was 12 Gy. The mean target volume is 
5.367 ± 0.058 cm3, ranging from (0.079–26.497) cm3.

Conclusion: According to the findings o f t his study, t he t umour c an be 
separated into spheres; the first sphere o utlines t he r egular p art o f the 
tumour, while the second sphere outlines the irregular cancer components. 
For analyzing the dose distribution of a plan for the treatment of vestibular 
schwannoma, the degree of sphericity is an ideal parameter to employ 
because the reference plan is a spherical target, and with a Leksell Gamma 
Knife® Icon (LGKI).

Key words: stereotactic radiosurgery, Paddick conformity index, gradient 
index, selectivity, coverage.

INTRODUCTION

A high dose of radiation, most commonly delivered to an 
intracranial target, is what is known as stereotactic radiosurgery, 
or SRS. When treatments are administered inside the skull, the 
target is frequently surrounded by healthy brain tissue, which is 
typically the major organ that is in danger (OAR). With these 
types of treatments, it is crucial to achieve a steep dose falloff from 
the periphery of the target to normal tissue in order to limit the 
risk of normal tissue toxicity as well as consequences [1].

Vestibular Schwannoma (VS) is a benign tumour that develops 
from Schwann cells of the vestibular part of the eighth cranial 
nerve inside the internal auditory canal [2]. Other names for this 
tumour include acoustic neuroma. When the tumour grows, it 
expands beyond the internal auditory canal and fills the space all 
the way up to the cerebellopontine angle. Hearing loss, vertigo, 
and headaches are the three symptoms that are most frequently 
experienced by those who have vestibular syndrome. Facial 
paresthesia is a symptom that results when the tumour spreads to 
the nerve V. When the tumour grows to the point where it affects 
nerves IX, X, and XI, swallowing becomes difficult. Because of 
the tumour 's pressing on the brain stem, the patient develops an 
imbalance and, in rare cases, hydrocephalus.

It is expected that one of these tumour s will develop in one 
hundred thousand persons each year. Nevertheless, in recent 
years, in tandem with the increased use of Magnetic Resonance 
Imaging (MRI), the detection rate of VS has become twice as 
high [3,4]

Sphericity (φ) was used to define the shape of the final segmented 
target volume. By definition, sphericity is the degree to which a 
nonspherical Volume (V) approximates a sphere. The "sphericity 
degree" (φ) is used in this analysis to define the Target Volume 
(TV). Target volumes of varying shapes can be thought of as 
spheres. Area, volume, and the aspect ratio along orthogonal 
axes are all taken into account. As its name implies, operational 
sphericity is a theoretical concept [5].

Physicians and physicists evaluate plans for radiosurgical 
treatment using gamma knife equipment based on 
predefined quality indicators. To name a few: "Coverage" (C), 
"Selectivity" (S), "Gradient Index" (GI), and "conformity 
index" (CIpaddick) [4]. They are derived using dosage 
distributions that factor in not only the prescription isodose 
volume, but also the target volume, the isodose volume that is 
50% of the prescription isodose, and their intersection [6].

Received:- 03 March, 2023, Manuscript No. OAR-23-90725 

Editor assigned:- 22 April, 2023, Pre-QC No. OAR-22-90725 (PQ) 

Reviewed:- 30 May, 2023, QC No. OAR-22-90725 (Q) 

Revised:- 26 June, 2023, Manuscript No. OAR-22-90725 (R) 

Published:- 07 July, 2023, Invoice No. J-90725

Word count: 2497 Tables: 02 Figures: 02 References: 10

Address for correspondence:
Mohsen Hamoud Jasim, Department of Physiology and Medical 
Physics, College of Medicine, Al- Nahrain University, Iraq, 
Email: mohsen07829431518@gmail.com

Oncology
and Radiotherapy © 
17 (7) 2023: 209-212 • RESEARCH ARTICLE

Study of dose distribution with the gamma knife using 
indices for patients suffering from vestibular schwannomas



210 −

© Oncology and Radiotherapy 17 (7) 2023: 201-212

( )( )
( )

V PIV TVCoverage C
V TV

∩
=

( )Selectivity(S)
( )

V PIV TV
V TV

=


/ 2( )( )
( )

isoV PIVGradientIndex GI
V PIViso

=  [7]

The CI value for each plan is calculated using the TVPIV and TV 
volumes.

2 )
. )

paddick
PIV

iso

TVCI
TV PIV

=  [8]

In a 2021 paper, Regis et al. suggested an improved Inverse 
Planning (IP) technique that uses "efficient convex optimization 
algorithms" to generate high-quality dose plans instantly. To 
create a preliminary real-time dose plan, the IP relied on a default 
set of basic limitations. The planner presented new limits in an 
interactive fashion in order to accommodate for more factors. The 
IP then recalculated an alternative optimum strategy. Paddick 
Conformity Index (PCI) was the main measure of success. Non-
inferiority was the intended trial endpoint, so the statistical analysis 
was designed accordingly. Comparisons were made between the 
coverage, selectivity, and gradient indices, as well as the dose to the 
target organs and the volume of the 12 Gyisodose line [9].

METHOD AND MATERIALS
A cross-sectional study was carried out for a period of six months 
at both the Dr. Saad Al-Witry Hospital for Neurosciences (from 
July 2022 to December 2022). Selecting 50 individuals who had 
been diagnosed with vestibular schwannoma by an oncologist or 
a neurosurgeon and then having those patients receive gamma 
knife treatment at the Dr. Saad Alwitry Neuroscience Hospital. 
Following the patients' diagnosis and referral to the gamma 
knife treatment, Magnetic Resonance Imaging (MRI) 
prototypes manufactured by Philips and referred to as the 
Achieva 3 Tesla or 1.5 Tesla were used to acquire three-
dimensional detailed anatomical images of the vestibular 
schwannoma’s tumour. These images were used to guide the 
gamma knife treatment. These models were utilized in the 
process of image acquisition. After that, the bone and any 
other solid components of the skull are acquired with the 
assistance of cone beam computed tomography, also known as 

CBCT, which is mounted on the instrument that is commonly 
referred to as the gamma knife. In general, the MRI procedure 
that is used in gamma knife testing is referred to as MRI gamma 
knife protocol.

Inclusion Criteria

Patients who did not get any positive effects from linear accelerator 
treatment and the patients who refuse removed the vestibular 
schwannomas surgically.

Exclusion Criteria

All patients with other tumour such as meningioma, Arteriovenous 
malformation (AVM), neuroma, acoustic neuroma, and pituitary 
tumour s in gamma knife radiosurgery.

Statistical analyses

Analysis of data was carried out by using the available statistical 
package of Statistical Packages for Social Sciences- version 25 
(SPSS-25).

RESULTS AND DISCUSSION

The patients' ages ranged anywhere from 20 to 80 years old, 
with a mean and standard deviation of 44.54 and 11.93 years 
respectively. The gender distribution of the patients was as follows: 
15 males (representing 30%) and 35 females (representing 70%). 
In this particular study, female patients exhibit a higher prevalence 
than male patients. For the purpose of this investigation, just one 
vestibular schwannoma tumour was sampled. Patients diagnosed 
with vestibular schwannoma were given a dose of 12 Gy as part 
of their treatment. Which the neurologist chooses depending on 
the tumour volume, location, and histopathology. The vestibular 
schwannoma tumour is irregular in shape [10], The patients in 
this study were divided into 3 groups depending on the 
sphericity degree (φ) and listed in the (Table 1). The first group 
contains 25 patient plans that result from a sphericity degree (φ) 
of ≤ 0.58. The second group of 10 patients plan that culminated 
in the sphericity degree ranged from (0.59-0.78). The third 
group contains the 15 patients plan from 0.79 to more than 1. 
There was a significant difference between the 3 groups. The 
overall mean sphericity degree (φ) was 0.503 ± 0.33, ranging 
from 0.066 to 1.52, as shown in (Figure 1).

* Significant Difference at p – value ≤ 0.05 level.

Tab. 1. The sphericity degree (φ) of 
vestibular schwannoma patients.

Group 1(≤0.58) Group 2(0.59 – 0.78) Group 3 (0.79 – more than 1) p-value
Sphericity Degree (φ) 0.264 ± 0.018 0.716 ± 0.066 0.99 ± 0.0208 < 0.00001

Fig. 1. Comparison among the three groups of sphericity degree (φ) of vestibular schwannoma patients
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Tab. 2. The evaluation parameters according 
to sphericity degree (φ) groups of vestibular 
schwannoma patients

Parameters Group 1(≤0.58) Group 2(0.59 – 0.78) Group 3(0.79 – more than 1) p-value
Coverage 0.93 ± 0.04 0.93 ± 0.22 0.94 ± 0.21 0.92038

HI 0.75 ± 0.028 0.79 ± 0.036 0.65 ± 0.01 0.525697
Paddick conformity Index (PCI) 0.92 ± 0.084 1.19 ± 0.38 1.15 ± 0.03 0.04215*

Selectivity 0.69 ± 0.19 0.77 ± 0.18 0.76 ± 0.18 0.364357
Gradient Index (GI) 2.67 ± 0.52 2.61 ± 0.64 2.63 ± 0.58 0.937583
Number of Shots 12.70 ± 1.85 18.25 ± 2.54 13.6 ± 1.71 0.00507*

Shot density 5.77 ± 0.12 5.73 ± 1.49 4.62 ± 0.93 0.834841
(number of shots / Target 

Volume)
Time (Minute) 20.89 ± 3.06 35.48 ± 1.16 32.23 ± 5.54 0.00606*

* Significant Difference at p – value ≤ 0.05 level.

Fig. 2 A. Comparison among the three groups of sphericity degree (φ) of vestibular schwannoma patients for coverage B. Comparison among the three groups of sphericity degree 
(φ) of vestibular schwannoma patients for homogeneity index (HI) C. Comparison among the three groups of sphericity degree (φ) of vestibular schwannoma patients for Paddick 
conformity index (PCI) D. Comparison among the three groups of sphericity degree (φ) of vestibular schwannoma patients for selectivity E. Comparison among the three groups 
of sphericity degree (φ) of vestibular schwannoma patients for gradient index (GI), F. Comparison among the three groups of sphericity degree (φ) of vestibular schwannoma 
patients for the number of shots. G. Comparison among the three groups of sphericity degree (φ) of vestibular schwannoma patients for shot density, H. Comparison among the 
three groups of sphericity degree (φ) of vestibular schwannoma patients for time.
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The results of evaluation parameters are classified according to the 
three groups of sphericity degree in (Table 2). The first group 
contained a sphericity degree (φ) of ≤ 0.58, and the second group 
that culminated in the sphericity degree ranged from (0.59- 
0.78). In contrast, the third group contains a sphericity degree 
ranging from 0.79 to more than 1. The analysis shows a significant 
difference between the three groups for the Paddick conformity 
index (PCI), number of shots, and time. The third group delivers 
a higher coverage than the 1st and 2nd groups, as shown in (Figure 
2A). The 3rd group shows better conformity and homogeneity 
than the 1st and 2nd groups, as shown in (Figures 2B- 2C). The 
2nd group shows a higher selectivity than the 3rd and 1st groups, 
as shown in (figure 2 D ). Th e 1s t gr ou p sh ow s a be tt er gr ad ient 
index than the 3rd and 2nd groups, respectively, as shown in 
(Figure 2 E). The second group contains more shots, followed by 
the 3rd and 1st groups, respectively, as shown in (Figure 2F). The 
1st group shows more shot density than the 2nd and 3rd groups, 
respectively, as shown in (Figure 2G). The 2nd group required more 
treatment time than the 3rd group and was followed by the 1st 
group, as shown in (Figure 2H).

CONCLUSION
The recently presented research on dose distribution makes use 
of the sphericity degree, and this method is both 
straightforward to describe and straightforward to compute. 
Due to the findings of this study, it is now possible to conduct 
a more in-depth analysis of the dose gradients that surround 
the TV as well as the dose distribution both inside and 
outside of the target volume. This analysis will result in a 
greater quantity of information as well as a variety of different 
isodose lines.

When doing an objective comparison between two or 
more treatment plans and deciding whether or not it is 
possible to improve the plan taking low-dose spreading into 
consideration, the sphericity degree is a valuable tool for 
determining whether or not it is possible to improve. As 
vestibular schwannomas tumour s grow larger, they become 
more spherical, which leads to improved plan quality.
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