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SUMMARY 

This study investigates the clinical application of newly published small-field output 

factors (OPFs) for the AcurosXB 15.6 (AXB) algorithm in Varian’s Eclipse treatment 

planning system (TPS). The primary goal is to validate the extended AXB (AXBe) model’s 

accuracy in calculating dose for small-field geometries, which are known to be challenging 

for conventional dosimetry. Measurements were conducted using the Exradin A16 Micro 

ion chamber, the Sun Nuclear EDGE diode, and the IBA Razor diode to evaluate the 

capacity of these detectors to reliably capture small field OPFs for jaw-defined and MLC-

defined fields. 

This thesis offers a comprehensive comparison between measured OPFs, values provided 

by existing literature, and the OPFs predicted by Eclipse TPS when implementing the 

AXBe algorithm, identifying trends and discrepancies across detectors and field sizes. 

Findings from this study affirm the AXBe model’s reliability while offering insight into 

the performance of each detector. The discussion evaluates the clinical relevance of the 

AXBe model, potential limitations of the methodology used, and suggestions for further 

research. Future recommendations include expanding this study to include different beam 

energies, testing additional detectors, and considering long-term clinical trials to further 

validate the AXBe model for use in stereotactic radiotherapy planning.  
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CHAPTER 1. INTRODUCTION 

1.1 Background 

Clinical radiation therapy (or radiotherapy) is a relatively recent advancement in modern 

medicine. It involves the use of targeted radiation to alter cells on a molecular level, 

typically using high-energy x-rays in the megavoltage range, produced by linear 

accelerators. These accelerators are designed to deliver radiation accurately to a target by 

using various beam-shaping and intensity modulation techniques to control both the shape 

and distribution of the beam. The primary goal of radiotherapy is to produce ionizations in 

the DNA of targeted cells, leading to eventual cell death. This process is widely used in the 

treatment of malignant cancers and has applications in treating benign conditions, such as 

keloids, neurological disorders, and vascular malformations. 

Radiotherapy has quickly become a cornerstone in the treatment regimen for many types 

of cancer and is often used alongside other treatment modalities such as chemotherapy, 

surgery, and immunotherapy. Despite its increasing use, radiotherapy remains a field 

fraught with uncertainties. Many challenges associated with radiotherapy arise from the 

difficulty in observing radiation in real time within a clinical setting and the stochastic 

nature of radiation interactions at the cellular level. These uncertainties require allowances 

for deviations between the planned and delivered doses. As a result, complex radiation 

plans are often analyzed prior to patient delivery to ensure any variances are within an 

acceptable limit, with the understanding that the actual dose distribution may differ from 

what was initially planned. 
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One critical parameter in treatment planning and verification is the output factor (OPF) 

applied to the linear accelerator. The OPF is a scatter correction factor that varies 

depending on factors such as field size, beam energy, and the specific treatment setup or 

machine conditions under which it is measured. It is defined as the ratio of the absorbed 

dose to water at a given point for a specific clinical field to the absorbed dose at the same 

point for a reference field, typically a 10 cm × 10 cm field.1 According to TRS-483, the 

output factor Ω can be expressed using the formula: 

 Ω𝑄𝑐𝑙𝑖𝑛,𝑄

𝑓𝑐𝑙𝑖𝑛,𝑓𝑟𝑒𝑓
 Eq. 1 

where fclin and fref refer to the clinical non-reference field and the conventional reference 

field, respectively, and Qclin and Q represent the beam qualities of these fields. While TRS-

483 provides the standard definition, the OPF can also be described using fmax and Qmax, 

comparing the clinical field to the maximum field size on the machine instead of the 10 cm 

× 10 cm reference field. 

Each linear accelerator undergoes a detailed calibration process during commissioning, 

which includes verifying the OPFs for all beam energies to published reference data. To 

ensure accurate treatment planning and dose measurement, clinical sites are equipped with 

planning software and dose calculation models. The algorithms utilized by these models 

must consider factors such as tissue heterogeneity, energy dependence, and irregular field 

shapes. Among these models, the Monte Carlo model is widely regarded as the most 

accurate in predicting particle behavior due to its detailed simulation of radiation 

interactions.2 However, its computational complexity also makes it impractical in clinical 

settings where expediency is often a concern. The AcurosXB (AXB) advanced dose 
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calculation model offers a balance between accuracy and computational speed, solving the 

Linear Boltzmann transport equation to predict radiation behavior accurately and 

efficiently.3,4 This study focuses on evaluating the Varian Edge linear accelerator at Morton 

Plant Hospital (Edge), using the Eclipse planning software and AXB beam models. 

Advancements in planning software, beam modeling, and accelerator capabilities have 

allowed for the delivery of more complex radiation treatments. Given these improvements, 

the use of high-dose small-field treatments, generically called stereotactic radiotherapy 

(SRT), has become routine in radiation therapy with up to 77% of clinics reporting at least 

some involvement with their use.5  SRT treatments can be further classified as a single 

intracranial treatment (stereotactic radiosurgery or SRS), fractionated intracranial 

treatment (fractionated stereotactic radiotherapy or FSRT) and fractionated extracranial 

treatment (stereotactic body radiotherapy or SBRT).5 These treatment types require small, 

clearly defined target volumes, tight dose margins, high fractional doses, and are usually 

delivered in 1-5 fractions.  Historically, these treatments were difficult to design, plan, and 

accurately deliver. The combination of AXB with modern imaging has drastically helped 

with the planning of these treatments.  Furthermore, the Varian Edge is equipped with a 

high-definition multi-leaf collimator to aid in the delivery of small-field radiation, as well 

as the HyperArc planning software to streamline and expedite the planning and delivery 

process.  These advancements have greatly reduced the time it takes to plan and deliver 

SRT treatments, as well as increasing confidence in their accuracy.  Regardless, SRT still 

faces unique challenges. The Radiological Physics Center (RPC) presented a 23 center-

wide study, including nearly 100 linear accelerators, showing nearly a 5% difference 

between the RPC-measured and self-reported measured OPFs for small fields.6 
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Furthermore, the RPC noted that the planning software often over-estimated the output for 

small fields.6 Due to the uncertainties in small-field OPFs and the inherently small field 

sizes utilized for SRT planning, accurate beam modeling remains a challenge.  As will be 

discussed, as field sizes become considerably small, beam modeling becomes increasingly 

complex and less reliable.   

1.2 Problem Statement 

Equation 1 shows that once the output for a given energy of radiation for a 10x10 cm field 

has been determined, OPFs can be determined for other non-reference fields of the same 

energy.  There are instances, however, where the relationship between the non-reference 

field and the reference 10cm field does not produce accurate OPFs.  Examples for when 

this happens would be for significantly irregular or small fields.1,6 For this study, the focus 

will be on the effects small fields have on output factors.  

TRS-483 defines small fields as having three important physical characteristics: 

i. There is a loss of lateral charged particle equilibrium (LCPE) on the beam 

axis;  

ii. There is partial occlusion of the primary photon source by the collimating 

devices on the beam axis;  

iii. The size of the detector is similar or large compared to the beam dimensions.  

The current AXB model used in this study provides OPFs for fields as small as 3x3 cm. 

According to a Varian representative, A. Little, the AXB model for OPFs can be split into 

three factors: phantom scatter, head scatter, and collimator backscatter.12 He stated that for 
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small fields, the model correctly calculates the phantom and head scatter but uses the 

collimator backscatter factor of only the smallest field available.  While the contribution of 

this scatter is likely very small in comparison, this means that the current model is likely 

to overestimate the OPF for fields smaller than 3x3cm.   Recently, the Journal of Applied 

Medical Physics made a publication containing an extended AcurosXB output factor model 

(AXBe), which includes values for fields as small as 1x1 cm.9 In retrospective analyses of 

SRT treatments performed on the Edge, areas of lower-than-expected dose (cold spots) 

were observed, presumably due to inaccuracies in calculating the OPF for the small fields 

being used.  This study aims to analyze the new AXBe model, compare the dose 

distribution between plans created by the AXB and AXBe, and to determine if the collected 

data on this accelerator matches that of published data.  Ideally, this study will verify 

whether the AXBe model for small-field OPFs improves the accuracy of SRT dose 

distributions. 

1.3 Research Objectives 

The primary objective of this research is to evaluate the accuracy of OPFs for small fields 

using the AXBe model, with the aim of improving dose distribution for SRT on the Varian 

Edge linear accelerator. To achieve this goal, the study will address several specific 

objectives:  

i. Expand the Output Factor Model: Utilize the AXBe model to generate OPF 

values for fields as small as 1x1 cm, improving upon the 3x3 cm field size 

minimum currently established with the AXB model. 
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ii. Verify Beam Model Effectiveness: Measure OPFs for fields as small as 1x1 cm 

to compare to the Eclipse calculated OPFs to assess the accuracy of the AXBe 

model’s capabilities. 

iii. Cross-Reference Data: Compare collected data using various detectors with the 

current published data to ensure consistency and accuracy. 

iv. Address Small-Field Complications: Collect field size data using jaw-defined 

fields described in the published data, as well as with MLC-defined fields to 

explore and address the complications associated with SRT delivery. 

v. Retrospective Analysis: Compare a variety of delivered SRT plans using both 

the AXB and AXBe models to reinforce the validity of the AXBe beam model.  

1.4 Significance of the Study 

The Varian Edge is a specialized version of the Varian TrueBeam linear accelerator, 

specifically designed for SRT treatments. Commissioned in 2020, the Edge has since 

played a critical role in delivering high-precision radiation therapy, particularly for patients 

requiring SRT. Due to the high volume of SRT treatments performed on this machine, 

accurate dose distribution for small fields is a significant concern. 

Inaccuracies in small-field OPFs are a well-recognized issue within the field of medical 

physics. While this study does not aim to introduce novel solutions to this problem, its 

significance lies in the clinical application of the newly developed AXBe model, as well 

as the feasibility by which a clinical physicist may implement and validate such a model. 

By integrating this model into current treatment protocols, this research seeks to enhance 
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the accuracy of dose distribution for small fields, thereby ensuring that patients receive the 

most precise and effective treatments possible. 

Looking ahead, there are plans to establish a trigeminal neuralgia treatment program 

utilizing small-sized cones on the Edge. This research could also provide a framework for 

data collection and analysis that would support the development of such a program. In 

doing so, this study not only addresses immediate clinical needs but also contributes to the 

future advancement of specialized treatment options on the Edge. 

1.5 Scopes and Limitations 

1.5.1 Scope: 

This study will focus on evaluating the effectiveness of the AXB and AXBe dose 

calculation models specifically for the Varian Edge linear accelerator. The research is 

designed to apply only to the clinical settings involving this particular machine. While the 

findings may have implications for other treatment machines or dose calculation models, 

the scope of this study is confined to the Edge and the data collected from its use. The 

retrospective data analyzed will also be restricted to SRT treatments delivered exclusively 

on this machine. 

1.5.2 Limitations: 

The AXBe model provides OPF values for field sizes down to 1x1 cm. While SRT plans 

may use fields smaller than 1x1 cm, measurements will be confined to a minimum field 

size of 1 cm. This constraint may limit the study's ability to fully assess the model's 

accuracy for very small fields. 
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Furthermore, this study will incorporate measurements from fields defined with jaw-only 

and MLC methods. The Varian Edge’s ability to treat multiple lesions simultaneously 

necessitates the use of complex MLC motion. While the primary goal is to measure and 

enhance OPF calculations for single small fields, the inclusion of data with and without 

MLCs aims to provide insights into potential challenges associated with SRT treatments. 

However, the field arrangement for MLCs during SRT delivery is significantly more 

complex than the MLC fields measured in this study, and exploration of these complex 

scenarios is not the primary focus of this research. 

1.6 Methodology Overview 

The methodology for this study centers on expanding and verifying the OPF table in 

Eclipse using the AXBe algorithm. Data was collected using the Exradin A16 Micro ion 

chamber, Sun Nuclear EDGE diode, and IBA Razor diode. These detectors were selected 

for their compatibility with small-field measurements and the availability of published 

output correction factors (OCFs). Literature-derived OCFs were interpolated using a spline 

technique to address missing field sizes, allowing for continuous correction factors across 

the measurement range. 

Measurements were taken using the IBA Blue Phantom2 water tank. Each detector was set 

up according to established protocols, then repeat detector readings were taken and 

recorded for various field sizes. The study involved both jaw-defined fields and multi-leaf 

collimator (MLC) fields, each planned on a 50x50 cm virtual phantom. 

Data was analyzed by calculating OPFs and comparing them with the literature and 

Eclipse-generated values. Consistency was assessed through percentage difference 
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calculations, and standard deviation errors were calculated to gauge variability among the 

detectors. This rigorous process ensured the reliability of the measured OPFs and their 

alignment with both literature standards and treatment planning software predictions. 

1.7 Thesis Structure 

This thesis is organized into six main chapters. Chapter 1 introduces the study, outlining 

the background, research objectives, and the significance of examining expanded output 

factors for small-field applications. Chapter 2 reviews the literature, focusing on the 

treatment machine, treatment planning system, and relevant dose calculation algorithms, 

establishing the foundation for this study. 

Chapter 3 explains the methodology, detailing the selection and calibration of detectors, 

the setup of experimental conditions, and the computational methods used to interpolate 

OCFs. Chapter 4 presents data collection and analysis of the results, comparing measured 

OPFs across multiple detectors with published data to validate Eclipse's OPF calculations 

for clinical application. Chapter 5 interprets the findings within the context of existing 

literature, discussing implications for clinical practice, prospective use, and retrospective 

data analysis. 

Chapter 6 summarizes the study’s findings, presenting final insights and recommendations 

for future research. Finally, the appendices contain supporting documents, including 

complete OPF data, retrospective analysis data, and the Python code used for data 

interpolation.  
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CHAPTER 2. LITERATURE REVIEW 

To maintain the scope of this study, it is important to elaborate on important key topics, 

while still assuming the reader has some basic understanding of radiation therapy.   

2.1 The Varian Edge 

The Varian Edge is a linear accelerator equipped with advancements specifically designed 

for small-field radiation therapy.  All data collection for this study will be performed on an 

Edge (serial number 4395), commissioned in 2020.  This machine provides many tools to 

aid in the delivery of SRT, such as a patient support assembly with 6 degrees of movement, 

various types of patient imaging, and enhanced motion detection, among others.11 While 

these factors aid in the delivery of SRT, the scope of this study will not be focusing on how 

these factors affect the accurate delivery of radiation.  This study will be aimed only at 

analysing the calculations of OPFs for small fields to determine dose distribution.  

Therefore, the key characteristics of this machine that will be addressed are the multileaf 

collimator, the dynamic jaws, and the photon energies available.  

The Edge comes equipped with an HD120TM
 Multileaf collimator (HD MLC), with each 

leaf near the centre of the field being 2.5mm in diameter.  Additionally, the jaws in the 

collimator have dynamic tracking, allowing them to conform to the smallest size possible, 

reducing intraleaf leakage.11 During single, small lesions, the dynamic jaws can shape 

tightly to the MLC field, minimizing radiation contribution from this leakage.  For multi-

lesion treatments, the separation between these lesions may lead to a significant increase 
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in the jaw field size.  This study will analyse data collected using only secondary jaw 

collimation, as well as MLC collimation in conjunction with dynamic jaw tracking. 

For this study, another concern to address will be the photon energies available. Varian 

products may have a variety of available energies in both standard megavoltage with 

flattening filter (MV), and megavoltage flattening filter free (FFF).  The Edge being used 

has four available photon energies: 6MV, 10MV, 6FFF, and 10FFF.  This study will only 

focus on the 6FFF energy, as all SRS plans on this machine use 6FFF.   

Of note, the Edge also utilizes the HyperArc planning software for SRT treatments of the 

brain (FSRT and SRS).  All retrospective SRT treatments in this study were performed 

using HyperArc. Therefore, all comparison plans created using the new AXBe model will 

be created using the same software.   

2.2 Treatment Planning Systems (TPS) 

The treatment planning system (TPS) used for treatment planning on the Edge is the 

Eclipse v16.1 provided by Varian.  The TPS is a platform designed to aid in the creation 

of radiation treatment plans.  Eclipse is the standard planning software for the Edge, as 

both products are created by Varian.  Eclipse is specifically designed to integrate with Aria 

and other Varian products, allowing for an efficient and streamlined clinical process.  

Eclipse is equipped with many features to enhance treatment planning, such as the 

previously mentioned HyperArc software, specially designed for SRS and FSRT planning. 

The HyperArc software provides features such as tissue objectives, collimator 

optimization, and increased calculation speeds to improve the treatment planning and 

delivery process.11 This combination of software has helped to reduce planning and 



 12 

treatment times significantly, with current SRT delivery now averaging between 10-15 

minutes.11 During treatment planning, the TPS will reference a dose calculation algorithm 

to determine the expected dose distribution. 

2.3 Dose Calculation Algorithm 

Dose calculation algorithms are utilized by the TPS to determine the expected distribution 

of absorbed dose the patient will receive.  Since photon interactions with matter are 

stochastic as well as dependent on the energy of the incident beam and the density atomic 

makeup of the tissue it is interacting with, it can be very difficult to accurately determine 

dose distribution.  As previously discussed, the Monte Carlo (MC) method is widely 

regarded for its superior accuracy among dose calculation algorithms.  MC calculations are 

designed to determine the stochastic interaction of both primary and secondary particles in 

a medium.  By solving the dose distribution of individual particles, this algorithm can be 

applied to a plan by adjusting for fluence and medium.11 Due to the complex nature of 

dealing with stochastic interactions, MC calculations are very time consuming.  While the 

MC algorithm is preferable for accuracy, it is often not clinically practical due to time 

constraints.  For this reason, the TPS can use other models that balance accuracy and 

expediency.  As mentioned, this study will focus on the AcurosXB and extended AcurosXB 

algorithms. 

AXB resolves the long calculation times required by MC by solving for a deterministic 

variable, rather than the stochastic calculation MC performs.  AXB solves for the Linear 

Boltzmann Transport Equations (LBTEs) for photons and their secondary interactions.  

LBTEs provide a deterministic value that represents the behavior function for each particle 
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type.  This data can be used in congruence with particle fluence, fluence direction, and 

applicable stopping powers to determine the dose deposition.3 This allows AXB to provide 

dose calculations with reliability comparable to MC, but with greatly reduced calculation 

times, making it a strong option for clinical use.4  The current AXB version in use on the 

Edge is AXB 15.6, with OPFs for field sizes ranging from 40x40cm down to 3x3cm.  In 

2022, Ning Genevieve Wu published the extended model in the Journal of Applied Clinical 

Medical Physics.9 As mentioned, this study will be comparing the AXB model with the 

AXBe model using the 15.6 version, extending the OPF table to include field sizes as small 

as 1x1cm.   

2.4 Small-Field Output Factors 

As mentioned above, small fields are defined with three major characteristics: a loss of 

lateral charged equilibrium, partial occlusion of the primary photon source, and/or the case 

where the detector is of similar or larger size than the radiation field.  The goal for small-

field dosimetry is to produce accurate and reliable OPF measurements despite the 

inconsistencies created by these characteristics.  Small-field dosimetry is a problem that 

has been researched and formalized for several years, with published data providing 

guidelines for proper detector use.  Regardless, these characteristics provide additional 

complexities to small-field dosimetry.  

When performing dose modeling, the algorithms can take advantage of charged particle 

equilibrium to create an equality between absorbed dose and collisional kerma.  Under the 

conditions of charged particle equilibrium, the number of charged particles of a given 

energy entering a volume is equal to the number of charged particles of that energy exiting 

https://pubmed.ncbi.nlm.nih.gov/?term=Wu%20NG%5BAuthor%5D
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a volume.  As the incident photon energy increases and as field size decreases, the range 

of the charged particles created in the volume can begin to exceed the maximum size of 

the volume.  This loss of lateral charged particle equilibrium (LCPE) alters the relation 

between dose and collisional kerma, creating inconsistencies in the dose calculation model. 

This relationship can be further worsened when including the presence of tissue 

heterogeneities.1,4   

The second characteristic of small fields is the partial occlusion of the photon source by 

the collimating system.  In theory, a linear accelerator should provide a point source, 

however, a volume is often given to the photon source to account for inconsistencies.  The 

primary photon source, or focal spot, can be adjusted in the beam modeling in Eclipse, and 

in very small fields, partial occlusion may occur, which worsens as the target location 

moves laterally away from the center of the beam.  This can lead to an increase in the 

relative size of the penumbra for small fields. 

Finally, small-field OPFs present challenges due to the physical limitations of available 

detectors.   It is essential to use detectors with active volumes that are appropriately sized 

for the fields being measured. As technology advances, newer detectors with smaller active 

volumes are becoming more common, increasing the availability of detectors suitable for 

small-field measurements. By referencing published data and using appropriate small-field 

detectors, it is possible to avoid discrepancies between detector volumes and the field sizes 

being measured.    
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CHAPTER 3. METHODOLOGY 

3.1 Literature Review and Data Preparation 

The primary goal of this research is to expand the output factor table for AXB 15.6 in 

Eclipse to match the extended table presented by Ning Genevieve Wu. The AXBe data was 

collected using the Standard Imaging Exradin W2-1x1 scintillator detector, known for its 

precision in measuring small fields without the need for correction factors, as highlighted 

in TRS-483. However, many clinical physicists may not have a scintillator detector readily 

available. To address this concern, this research utilized a combination of one ion chamber 

detector and two diode detectors: the Exradin A16 Micro ion chamber, the Sun Nuclear 

EDGE diode, and the IBA Razor diode. The selection of these detectors aimed to provide 

a variety of detector types capable of acquiring small-field measurements while also 

ensuring that sufficient published OCFs were available for these small fields. To ensure 

the accuracy of measurements, OCFs were required for each detector. A study published 

in 2020 by C. Smith, et al., compared measurements of small-field OPFs with and without 

OCFs, using both square fields and cones for a variety of detectors.10 The unique 

characteristics of small fields, as previously presented by TRS-483, tend to cause detector 

readings to become inaccurate.  These changes are dependent on the physical 

characteristics of each detector and may cause the detector to either over- or under-respond.  

OCFs are used to make up for these discrepancies, and OPFs measured with the correction 

factors tended to have improved consistency and accuracy when compared to those 

measured without correction factors.10 
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Figure 3-1: Literature provided output correction factors for all three detectors 

used.1,13  

As seen in Figure 3-1, OCFs are not provided for all field sizes relevant to the study, and 

therefore needed to be interpolated.  To facilitate this, the following equation can be used 

to calculate the equivalent square for fields larger than 10 mm: 

𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑆𝑞𝑢𝑎𝑟𝑒 (𝑆) =
4𝐴

𝑃
 Eq. 2 

Where A is the area of the field (X-jaw * Y-jaw, in cm) and P is the perimeter of the field 

(2*(X-jaw + Y-jaw) in cm).  This equation was used to calculate equivalent squares for all 

field sizes introduced in the AXBe model. While it is acceptable to measure the FWHM to 

determine the field sizes at the time of data collection, this method is both more time 

consuming and has shown little to no benefit over the equivalent square method.17 

Table 3-1: Equivalent Squares (cm) 

 

8 6 4 3 2.5 2 1.5 1.2 1 0.8

Exradin A16 Micro 1 1 1 1 1.001 1.003 1.008 1.017 1.027 1.043

Sun Nuclear Edge 1 1 1 0.999 0.998 0.994 0.986 0.976 0.966 0.951

10 5 4 3 2 1.5 1 0.8 0.5

Detector 

Type IBA Razor Diode 0.999 1.009 1.017 1.026 1.031 1.029 1.007 1.005 0.992

Equivalent Square Field Size sclin (cm)

Equivalent Square Field Size sclin (cm)

Detector 

Type

1 2 3 4 5 7 10 15 20 30 40

1 1.00 1.33 1.50 1.60 1.67 1.75 1.82 1.88 1.90 1.94 1.95

2 1.33 2.00 2.40 2.67 2.86 3.11 3.33 3.53 3.64 3.75 3.81

3 1.50 2.40 3.00 3.43 3.75 4.20 4.62 5.00 5.22 5.45 5.58

4 1.60 2.67 3.43 4.00 4.44 5.09 5.71 6.32 6.67 7.06 7.27

5 1.67 2.86 3.75 4.44 5.00 5.83 6.67 7.50 8.00 8.57 8.89

7 1.75 3.11 4.20 5.09 5.83 7.00 8.24 9.55 10.37 11.35 11.91

10 1.82 3.33 4.62 5.71 6.67 8.24 10.00 12.00 13.33 15.00 16.00

15 1.88 3.53 5.00 6.32 7.50 9.55 12.00 15.00 17.14 20.00 21.82

20 1.90 3.64 5.22 6.67 8.00 10.37 13.33 17.14 20.00 24.00 26.67

30 1.94 3.75 5.45 7.06 8.57 11.35 15.00 20.00 24.00 30.00 34.29

40 1.95 3.81 5.58 7.27 8.89 11.91 16.00 21.82 26.67 34.29 40.00

Field Size FX(cm)

Field Size 

FX(cm)

Equivalent Squares



 17 

Once the equivalent squares were calculated, OCF literature values were collected for each 

detector, and a spline interpolation was performed to provide correction factors for each 

equivalent square.  

This spline method was preferred for its ability to create a smooth, piecewise curve, and 

was implemented in Google Colab using custom Python code (detailed in Appendix A). 

The code generates interpolated OCFs for equivalent squares ranging from the smallest to 

largest literature-provided field sizes, in increments of 0.01 cm, facilitating the acquisition 

of correction factors for all measured fields across the three detectors. 
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Figure 3-2: Spline interpolation of output correction factors for Exradin A16 Micro 

ion chamber 

Table 3-2: Extended Output Factors for Measurements using the Exradin A16 Micro 

ion chamber 

 

1 2 3 4 5 7 10 15 20 30 40

1 1.027 1.012 1.008 1.006 1.005 1.005 1.004 1.004 1.003 1.003 1.003

2 1.012 1.003 1.001 1.001 1.000 1.000 1.000 1.000 1.000 1.000 1.000

3 1.008 1.001 1.000

4 1.006 1.001

5 1.005 1.000 1.000

7 1.005 1.000

10 1.004 1.000 1.000

15 1.004 1.000

20 1.003 1.000

30 1.003 1.000

40 1.003 1.000

Field Size 

FX(cm)

Expanded Output Factor for Exradin A16 Micro 
Field Size FX(cm)
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Figure 3-3: Spline interpolation of output correction factors for Sun Nuclear EDGE 

diode detector 

Table 3-3: Extended Output Factors for Measurements using the Sun Nuclear EDGE 

diode detector 

 

1 2 3 4 5 7 10 15 20 30 40

1 0.966 0.981 0.986 0.988 0.990 0.991 0.992 0.993 0.993 0.993 0.993

2 0.981 0.994 0.997 0.999 0.999 0.999 0.999 1.000 1.000 1.000 1.000

3 0.986 0.997 0.999

4 0.988 0.999

5 0.990 0.999 1.000

7 0.991 0.999

10 0.992 0.999 1.000

15 0.993 1.000

20 0.993 1.000

30 0.993 1.000

40 0.993 1.000

Field Size 

FX(cm)

Expanded Output Factor for Sun Nuclear EDGE  
Field Size FX(cm)
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Figure 3-4: Spline interpolation of output correction factors for IBA Razor diode 

detector 

Table 3-4: Extended Output Factors for Measurements using the IBA Razor diode 

detector 
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Equivalent Square Field Size (cm)

Spline Interpolation of OPF Corrections for IBA Razor Diode 
Detector

1 2 3 4 5 7 10 15 20 30 40

1 1.007 1.022 1.029 1.031 1.032 1.033 1.032 1.032 1.032 1.032 1.031

2 1.022 1.031 1.029 1.028 1.027 1.025 1.024 1.022 1.021 1.019 1.019

3 1.029 1.029 1.026

4 1.031 1.028

5 1.032 1.027 1.009

7 1.033 1.025

10 1.032 1.024 1.000

15 1.032 1.022

20 1.032 1.021

30 1.032 1.019

40 1.031 1.019

Field Size 

FX(cm)

Expanded Output Factor for IBA Razor Diode
Field Size FX(cm)
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3.2 Eclipse Setup and Plan Generation 

To conduct this research, a beam model was configured utilizing the AXBe published data. 

Of note, the published data does not have information for a field size of 4cm, however, 

beam configuration does in fact have this data, as seen from the following screenshot. 

 

Figure 3-5: Screenshot of OPFs inserted into beam configuration, using the AXBe 

data 

Once all other data was transcribed, the beam configuration automatically calculated the 

4cm values.  The above model was used for all AXBe calculated data. To compare the 

output factors calculated by Eclipse, fields were planned on a virtual 50x50cm phantom 

using symmetrical jaws, SRS static technique, 6FFF energy, and 100mus.  The reference 

point was set at a depth of 5cm and an SSD of 95cm.  Jaw-defined fields were created for 

all field sizes introduced by the AXBe model, as well as for the 10x10 reference field.  
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Figure 3-6: Screenshot of Eclipse planning  

Afterwards, 9 fields were created using MLCs, ranging from 1x1cm to 3x3 cm, plus an 

additional 10x10cm.  For these plans, the MLCs were set to the measured field size with 

the jaws set 0.5cm back to simulate dynamic jaw tracking, with all other parameters set the 

same.   

 

 

Figure 3-7: Example of 10x10cm MLC field, showing jaw position 0.5cm retracted 

from MLCs in all directions 

Utilizing equation 1, Eclipse OPFs are obtained by dividing the reference dose calculated 

by Eclipse for each field by the reference dose of the 10x10cm field.   
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3.3 Instrumentation Setup and Calibration 

For data acquisition, the Exradin A16 Micro ion chamber, Sun Nuclear EDGE diode, and 

IBA Razor diode were used in conjunction with the IBA Blue Phantom2 (BP2) water tank 

and a PC electrometer. The tank was carefully set up, leveled, and aligned using the 

reflection method as described in the BP2 user manual.18 The field light was used to align 

the detectors to the isocenter at the water surface, with a 95 cm SSD, before moving to a 

depth of 5 cm using the BP2 software. 

Each detector was positioned according to both the BP2 and individual detector manuals, 

as well as the recommendations from TRS-483.1,18 The Razor diode was aligned parallel 

to the beam, while the Sun Nuclear EDGE diode and Exradin A16 were positioned 

perpendicular to the beam. Both diodes used 0 voltage bias, while the A16 used a +300V 

bias. Background readings were recorded prior to all measurements to ensure accurate 

results. Central axis was determined manually by taking cross-profile measurements in 

1mm steps from the initial setup, using a 10x10 cm field. 

3.4 Data Acquisition 

Data acquisition followed a uniform protocol for all three detectors. After confirming 

proper alignment, detector depth, and voltage bias according to the previously mentioned 

setup, background radiation was measured to account for ambient noise. Using the service 

mode on the Varian Edge, 100 MUs were delivered for each field size, ensuring 

consistency in beam delivery. 
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For each field, three separate measurements were recorded using the PC electrometer to 

ensure repeatability, and any potential outliers were noted. In addition, Eclipse-generated 

plans for the MLC fields were delivered in treatment mode to confirm jaw and MLC 

positions. The measurements were repeated under the same conditions to ensure 

consistency and accuracy across all field sizes. 

3.5 Data Analysis 

TRS-483 provides a formula for calculating the field OPFs from the detector readings: 

Ω𝑄𝑐𝑙𝑖𝑛,𝑄

𝑓𝑐𝑙𝑖𝑛,𝑓𝑟𝑒𝑓 =
𝑀𝑄𝑐𝑙𝑖𝑛

𝑓𝑐𝑙𝑖𝑛

𝑀𝑄𝑟𝑒𝑓

𝑓𝑟𝑒𝑓
∗ 𝑘𝑄𝑐𝑙𝑖𝑛,𝑄

𝑓𝑐𝑙𝑖𝑛,𝑓𝑟𝑒𝑓
 Eq. 3 

Where 𝑀𝑄𝑐𝑙𝑖𝑛

𝑓𝑐𝑙𝑖𝑛 and 𝑀𝑄𝑟𝑒𝑓

𝑓𝑟𝑒𝑓
 are the detector readings of the measured field and the 10x10cm 

reference field, respectively, and 𝑘𝑄𝑐𝑙𝑖𝑛,𝑄

𝑓𝑐𝑙𝑖𝑛,𝑓𝑟𝑒𝑓
 or kq is the output correction factor. Once all 

three measurements were taken for each field size, the average was taken (𝑀𝑄𝑐𝑙𝑖𝑛

𝑓𝑐𝑙𝑖𝑛) and 

divided by the 10x10cm average (𝑀𝑄𝑟𝑒𝑓

𝑓𝑟𝑒𝑓
).  Using the previously generated spline data, kq 

values were obtained for each detector and field size.  Using equation 3, the measured OPFs 

were calculated.  For each field size, the average OPF was also calculated across the 

detectors.  

Since the goal of this research is to validate that the clinical data collected matches the 

published data, a percentage difference calculation was used: 
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𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (%𝑑𝑖𝑓𝑓) = 100 ∗
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑉𝑎𝑙𝑢𝑒 − 𝐴𝑐𝑡𝑢𝑎𝑙 𝑉𝑎𝑙𝑢𝑒

𝐴𝑐𝑡𝑢𝑎𝑙 𝑉𝑎𝑙𝑢𝑒
 Eq. 4 

Equation 4 was used to compare the measured OPF to the literature OPF, the average 

measured OPF to the Eclipse calculated OPF, and the Eclipse calculated OPF to the 

literature OPF.  The published data represents fields shaped by the X and Y jaw only, so 

there was no literature comparison made for MLC fields.  Instead, the measured OPFs and 

average measured OPFs were compared to the Eclipse OPF.   

Finally, a standard deviation error was calculated for the averaged OPFs: 

𝐸𝑟𝑟𝑜𝑟 (𝑆𝐷) = 𝑠𝑞𝑟𝑡 (
(𝑥1 − 𝑥̅)2 + (𝑥2 − 𝑥̅)2 + (𝑥3 − 𝑥̅)2

𝑛 − 1
) Eq. 5 

Where X1, X2, and X3 represent OPFs from each detector, 𝑥̅ is the average OPF, and n is 

the number of detectors used. 
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CHAPTER 4. RESULTS 

4.1 Measured Output Factors 

The OPF data collected was separated into different tables for both jaws-only and MLC 

measurements, with one table for each detector and one for averages.  The percentage 

difference columns were then given the following conditional formatting: 

 

Figure 4-1: Formatting rules used for percentage difference measurements 

Where a red value represents a difference of greater than (+/-) 3%, yellow represents a 

difference between (+/-) 2% and (+/-) 3%, and green represents a difference less than (+/-

) 2%. 

Ideally, the percentage difference between the measured values and the literature values 

should be reasonably small.  While no specific standards were used, the hope of this study 

would be to keep percent differences less than 2%, but no more than 3%, as this was the 

standard requested by the clinical physicists for the machines on which the data was 

collected.   
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Table 4-1: Cumulative Percentage Differences (%) when Comparing Measured and 

Literature OPFs by Field Size, Jaws Only 

 

Table 4-1 shows the percentage difference between the average measured OPF compared 

to the literature value.  All fields are defined using jaws only. See Appendix A.1 for the 

complete data set.  

Field Size (cm) Exradin A16 Sun Nuclear Edge IBA Razor Cumulative

1x1 -2.030 -1.245 -0.666 -1.086

1x2 -0.889 0.569 1.116 0.601

1x3 -1.103 0.992 1.884 0.822

1x4 -1.015 1.376 2.383 1.114

1x5 -1.099 1.549 2.431 1.265

1x7 -0.959 1.638 2.538 1.335

1x10 -0.828 1.866 2.729 1.498

1x15 -0.524 1.994 2.864 1.667

1x20 -0.500 2.057 2.901 1.832

1x30 -0.498 1.984 2.743 1.735

1x40 -0.450 2.002 1.853 1.448

2x1 -3.523 -1.779 0.564 -1.258

2x2 -1.793 -0.253 0.613 -0.221

2x3 -1.408 0.205 0.958 0.165

2x4 -1.107 0.535 1.151 0.249

2x5 -1.171 0.364 0.902 0.268

2x7 -1.051 0.389 1.107 0.319

2x10 -0.617 0.711 1.168 0.555

2x15 -0.306 0.797 1.197 0.660

2x20 0.011 1.008 1.298 0.860

2x30 0.121 0.903 1.417 0.874

2x40 0.292 1.064 1.554 1.031

3x1 -4.641 -2.104 -0.261 -2.029

3x2 -1.809 -0.055 0.876 -0.074

3x3 -2.346 -0.932 -0.117 -0.917

4x1 -4.627 -1.882 -0.057 -2.046

4x2 -1.628 0.277 1.033 0.083

5x1 -4.770 -1.760 -0.002 -1.933

5x2 -1.768 0.170 0.924 0.031

7x1 -4.642 -1.525 0.291 -1.734

7x2 -1.680 0.341 0.859 0.048

10x1 -4.843 -1.547 0.255 -1.851

10x2 -1.501 0.348 0.967 0.109

10x10 0.000 0.000 0.000 0.000

15x1 -4.636 -1.369 0.357 -1.698

15x2 -1.204 0.641 1.136 0.343

20x1 -4.677 -1.290 0.316 -1.710

20x2 -1.185 0.679 0.977 0.291

30x1 -4.525 -1.179 0.470 -1.571

30x2 -0.917 0.719 0.988 0.388

40x1 -4.529 -1.312 0.320 -1.676

40x2 -0.797 0.759 1.053 0.463

Average Measured OPF to Literature Percent Differences (%) - 

Jaws Only
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Table 4-2: Cumulative Percentage Differences (%) when Comparing Measured and 

Eclipse OPFs by Field Size, MLC Shaped Fields 

 

Table 4-2 shows the percentage difference between the average measured OPFs 

compared to the Eclipse values.  All fields are defined using MLCs, with jaws tracking 

0.5cm behind MLCs. See Appendix A.2 for the complete data set.  

 

 

 

 

 

 

  

Field Size (cm) Exradin A16 Sun Nuclear Edge IBA Razor Cumulative

1x1 0.898 0.537 1.008 -0.808

1x2 0.217 0.958 1.956 -1.033

1x3 0.031 1.255 2.600 -1.279

2x1 -0.597 0.907 1.878 -0.724

2x2 -2.210 -0.799 0.727 0.767

2x3 -1.974 -0.618 0.729 0.625

3x1 -0.714 1.220 2.803 -1.091

3x2 -2.115 -0.670 0.390 0.805

3x3 -2.131 -0.722 0.481 0.797

10x10 0.000 0.000 0.000 0.000

Average Measured OPF to Literature Percent Differences (%) - 

MLCs
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CHAPTER 5. DISCUSSION 

5.1 Interpretation of Results 

5.1.1 Jaw Measurements 

In this section, the results of the jaw-defined field measurements using the Exradin A16, 

Sun Nuclear EDGE diode, and IBA Razor diode are examined. These detectors were used 

to assess the new AXBe OPFs for different jaw-shaped fields. Each detector’s data is 

presented and compared against the expected OPFs to determine how well the new values 

align with the existing reference data. The discussion focuses on the consistency across 

different detectors and any notable variations in the results for each field size. 

5.1.1.1 Exradin A16 Ion Chamber 

The Exradin A16 Ion chamber was the ideal ion chamber for this experiment due to the 

availability of the detector, the accessibility of published output correction factors in TRS-

483, and its small active volume of 0.07cc.  Upon analysing the jaw OPF measurements, 

the Exradin A16 data appears to be the most inconsistent of the three detectors.  While 

many of the measurements are within the +/- 2% range, and only two measurements fall 

between 2% and 3%, there are a total of 10 field sizes with measured OPFs outside of the 

3% limit this study hoped for.  Upon further evaluation, all red measurements (>3% 

difference) are less than 5% and are all negative.  This suggests that the Exradin A16 is 

recording lower than expected OPFs. It is also important to note that all the red readings 

were recorded on fields that had a Y-Jaw size of 1cm (2x1, 3x1, 4x1, etc.). Though it would 

be ideal for all the measurements to have been within less than 3%, this was expected 
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according to the published data.  In fact, Sun Nuclear uses this exact discrepancy in the 

A16 for small fields to promote the Edge detector.14 

 

Figure 5-1: Measured OPFs for several detectors on the Cyberknife 6MV, cone-based 

delivery, according to Sun Nuclear 

While the above figure is collected using a CyberKnife cone and 6MV beams, the concept 

of the A16 reporting lower-than-expected OPFs at smaller field sizes, especially for fields 

1cm and smaller, is still apparent. This is further reinforced by the data collected in this 

study.  Nearly every OPF measured by the A16 was cold compared to the expected values, 

with the differences most significant for the 1cm fields.  The only exceptions to this were 

the 2x20, 2x30, and 2x40, which had very slightly positive differences (all less than 

+0.3%). The measurements for the A16 were expected to be cold, and most measurements 
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were within acceptable tolerance, however, this data was not strong enough to validate the 

AXBe model of its own due to the large differences noted.   

5.1.1.2 Sun Nuclear Edge Diode 

The Edge Diode was expected to be the ideal detector available for this study.  Again, 

output correction factors were readily available in TRS-483.  The manual states an active 

detection volume of 0.019cc, with very accurate OPF measurements down to 0.05cm 

fields.14 Furthermore, it is one of the recommended diodes from the BP2 water tank 

manual.18 The OPF measurements with this detector strongly agree with the AXBe model.  

Only 3 measurements were in the yellow range, and none were red.  Of those in the yellow, 

the greatest was only over by 0.1%.  As opposed to the A16, where most measurements 

appeared cold, there seems to be no such pattern for the Edge detector, as the readings 

range from +2.057% to -2.104%. This strongly supports the accuracy of the AXBe model, 

as all measurements were within limit for this detector. 

5.1.1.3 IBA Razor Diode 

The IBA Razor was selected as the final detector for this study to provide variety.  It was 

the only detector used that was not presented in TRS-483, and the only detector that 

required positioning to be in parallel to the beam. The Razor diode was also made by the 

same company as the BP2 water tank (IBA), and therefore was also a recommended diode 

from the manual. While the IBA Razor Nano ion chamber was considered, the literature 

published correction factors were too scarce to provide a reliable spline interpolation for 

small fields.16 Furthermore, due to the nature of small fields and recommendations from 

TRS-483, a second diode was preferable as opposed to a second ion chamber. The data 
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collected from this detector was similar to the Sun Nuclear Edge Diode, with no 

measurements recorded in the red.  There was, however, a series of 7 measurements that 

were in the yellow range.  It is noted that, overall, the measurements of this detector tended 

to overestimate the OPFs, and all yellow readings appeared to be hotter than expected.  The 

data collected from the Razor diode was completely within limits, again supporting the 

AXBe model.  

5.1.1.4 Cumulative Jaw Data 

After collecting OPFs for each field on all three detectors, the OPFs were then averaged 

and compared to both the AXBe model and the OPFs obtained by Eclipse.  A percent 

difference was also obtained between the Eclipse and AXBe OPFs just to confirm cohesion 

between the beam model, the TPS, and the delivery of the beam.   Of note, all Eclipse OPFs 

were within 2% of the AXBe beam model.  Furthermore, all averaged OPFs were within 

tolerance of both the Eclipse and AXBe OPFs, with only 4 fields having yellow 

measurements.  These fields were the 3x1, 4x1, 5x1, and 10x1, and were all cold compared 

to the expected value.  As these were some of the worst recorded OPFs for the A16, this 

was to be expected.  The data shown here strongly supports the accuracy of the AXBe 

model, as the only measurements outside of the limits were expected from the published 

data, while the Sun Nuclear Edge, IBA Razor, and averaged data were all within tolerance.  

Furthermore, when including a standard deviation error to the averaged data, the 

comparison to both the Eclipse and AXBe OPFs shows minimal deviation, as seen below.  



 33 

 

Figure 5-2: Comparison of the average measured OPF with error bars of 1 standard 

deviation, by field size, compared to the AXBe literature values 
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Figure 5-3: Comparison of the average measured OPF with error bars of 1 standard 

deviation, by field size, compared to the Eclipse measured values 
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5.1.1.5 MLC Measurements 

In the measurements taken for creating the AXBe model, Ning Wu states all field 

measurements were recorded using jaw-defined fields only.  They go on to suggest future 

studies utilizing MLC planning.  Since all SRT plans on the Edge are VMAT, MLC 

measurements were taken to better confirm the validity of the AXBe model.  Since the 

Edge uses dynamic jaw tracking, MLC fields were created at the desired field size with 

jaws 0.5cm retracted, creating a 1cm difference between the MLC field and the jaw size (a 

1x1cm MLC field has a 2x2 jaw size).  Since literature OPFs were not provided, the 

measured OPFs were only compared to the Eclipse OPFs for these fields.  Measurements 

were not taken for any field length greater than 3cm, except for the 10x10 field for 

reference.  This was done due to the nature of the AXBe model only changing OPFs for 

fields smaller than 3cm, and that SRT plans generally do not use large irregular MLCs 

(such as a 1x40cm).  All measurements for all detectors showed OPFs well within limits, 

with the greatest average difference being -1.279%.  This again confirms the validity of the 

AXBe model, showing strong congruence with both the jaw-defined fields and MLC 

planned fields as well.   

5.2 Clinical Impact and Relevance 

To address the clinical impact of introducing the AXBe model, 9 SRS plans from a 

retrospective study were analyzed using both the AXB and AXBe models.  The goal of this 

comparison was two-fold.  First, all validation performed so far was completed using static, 

single fields.  Applying the AXBe model to a VMAT SRT plan aids in validating that the 
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model works smoothly in a dynamic plan.  Secondly, the hope is to show that the AXBe 

model better represents the planned and delivered doses of small fields through extending 

the OPF table. 

 The goal of this retrospective analysis is to address only the impact of changing the beam 

model.  For all 9 plans, the original plan and QA were copied into a new course and the 

patient ID was randomized to act as the control.  This plan was then copied again, the beam 

model was changed from AXB 15.6 to the AXBe model, the plan was recalculated (but not 

re-optimized), and a QA plan was created for the new plan.  The first comparison between 

the AXB and AXBe model was made using a script in Eclipse called ClearCheck, created 

by RADformation.  This script is used on all SRT plans at this clinic and helps to analyze 

dose distribution, conformality, and OAR avoidance, as seen in Figure 5-4. This figure 

shows that, for both the original and new plan, all the parameters remain acceptable.  

However, it also shows that the total absolute hot and cold spots of the AXBe model were 

closer to the planned dose, leading to an improved conformality index.  This improvement 

in conformality is shown throughout all 9 Clear Checks, as can be seen in Appendix 2. 
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Figure 5-4: Clear Check for case 98706 
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Finally, each original plan was then run on the Edge in QA mode and recorded using the 

Sun Nuclear SRS-MapCHECK phantom and software.  Once the original plan was run, it 

was then compared to both the original QA and the new AXBe QA.  
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Figure 5-5: SRS-MapCheck QA for case 98706 original plan 
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Figure 5-6: SRS MapCheck QA for case 98706 new AXBe plan 

As can be seen from figures 5-5 and 5-6, simply changing the beam model from AXB15.6 

to AXBe showed a significant improvement in the QA results.  Since both plans were 

created using the exact same optimization and compared using the same delivered plan, 

this helps to show the improvement in dose calculation performance on small fields with 
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the new AXBe model.  Clinically, while there was no change in the plan delivered between 

the two QAs, this suggests that AXBe may improve confidence between the plan created 

in Eclipse and the dose distribution that a patient receives.  The first 5 cases analyzed all 

showed cold spots on the original QAs, and the last 4 were originally accurate to the 

planned distribution.  Upon reviewing all the new QAs, all 5 cold plans showed at least 

minor improvements to the pass rate and reductions in the degree of the cold spots 

measured. When comparing the final 4 plans, it is of note that, while all 4 plans did pass 

using AXBe, two of the plans were slightly hot in comparison.  This retrospective analysis 

suggests that the AXBe model is likely to provide a more accurate calculation and 

representation of the dose distribution for SRT plans. 

5.3 Limitations of the Study 

This study was limited to data collected from the Varian Edge at Morton Plant hospital, 

using the 6xFFF beam energy.  While this data may be of use to other clinical centers, the 

intent of this study is only to verify the use of AXBe on this machine.  The clinical goal 

will be to apply the AXBe OPFs for SRT planning only.  Furthermore, this study is limited 

to only confirming the validity of the AXBe model and is not designed to refine or make 

alterations to the published data. This study was limited to using only the detectors and 

materials available to the clinic. Furthermore, this study was limited to using only 

retrospective SRS data collected for treatments delivered via the Edge. 

5.4 Suggestions for Future Research 

While the data collected does support the literature data, this study could be improved in 

the future by recreating the initial research parameters more closely.  For example, the 
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initial AXBe model was created using a scintillator detector, which would have been ideal 

to use for this study had one been available. However, the agreement seen between data 

collected across several detectors helps to confirm the reproducibility of the original data. 

This data could also be expanded upon if desired, applying a similar approach to the other 

energies available on the Varian Edge.  This clinic hopes to begin a trigeminal neuralgia 

program in the near future, which will likely be a cone-based system.  Due to the extremely 

small field sizes, it may be worthwhile repeating a similar process using the cones.  

For comparing OPFs, there are some steps that could be taken to confirm that the AXBe 

model is more accurate than the original base AXB model.  First, OPFs measured during 

this study were made to confirm agreement between the measured OPFs and literature data 

for the AXBe model.  However, measurements were not taken using the current AXB 

model.  By repeating the Eclipse planning used in this study, Eclipse-calculated AXB OPFs 

for fields smaller than 3x3 could be measured for comparison as well.  This could help 

quantify the improvement made by the AXBe model, giving clinics in the future insight as 

to how worthwhile incorporating AXBe might be.  Additionally, an end-to-end test could 

be performed with and without the AXBe model if desired.   

It is important to note that the AXBe model only makes changes to fields that are smaller 

than 3cm.  Many of the SRT plans likely have many control points with field sizes both 

larger and smaller than the 3cm field size.  This means that incorporating the AXBe model 

could potentially make little to no difference depending on the tumor and field size.  

Analysis of the PTV volume size and control point data may help to quantify the impact of 

the AXBe model by determining what percentage of the plan was utilizing the new OPFs.   
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Finally, a clinical study could be used to compare the AXBe and AXB models for SRT 

plans.  The current retrospective analysis was done by only recalculating the original plan, 

without the use of re-optimization.  This was done intentionally for this study as it would 

be difficult to reproduce the specific optimization patterns that may have been used by the 

dosimetrists during planning. Therefore, it is hard to conclude if treatment plans made 

using the AXBe model alone would make an overall improvement over those made using 

AXB. A possible solution to this would be to have the same planning team continue 

planning SRT treatments using AXB, but to additionally create a second plan using the 

AXBe model at the same time.  By doing so, a long-term clinical comparison could be 

made by comparing the average plan quality over a given time. While this would essentially 

create twice as much work for each plan, it would provide a more accurate comparison of 

the two models.    
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CHAPTER 6. CONCLUSION 

6.1 Summary of Findings 

This study supports the validity of using the AXBe model for calculating small-field output 

factors (OPFs). Despite some questionable readings from the A16 Micro ion chamber, the 

findings demonstrate that a combination of ion chamber and diode detectors is effective 

for small field measurements, offering a viable alternative to scintillator detectors. 

Moreover, the retrospective data indicates that the extended OPF table yields more accurate 

and conformal dose predictions, highlighting the AXBe model's potential effectiveness for 

stereotactic radiotherapy (SRT) planning. Conducting a long-term clinical study to 

compare treatment plans generated using the AXB and AXBe models could provide 

valuable insights into the advantages of the extended OPF table for SRT applications.  
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APPENDIX A.  OPF MEASUREMENTS  

A.1  Jaw-Only OPFs 
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Table A-1: OPF Measurements using Exradin A16 Micro Ion Chamber (Jaws) 
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Table A-2: OPF Measurements using Sun Nuclear EDGE Diode Detector (Jaws) 
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Table A-3: OPF Measurements using IBA Razor Diode Detector (Jaws) 
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Table A-4: Cumulative OPF Measurementts (Jaws) 
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A.2  MLC OPFs  
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Table A-5: OPF Measurements using Exradin A16 Micro Ion Chamber (MLCs) 
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Table A-6: OPF Measurements Using Sun Nuclear EDGE Diode Detector (MLCs) 

 



 53 

Table A-7: OPF Measurements using IBA Razor Diode Detector (MLCs) 

 



 54 

Table A-8: Cumulative OPF Measurementts (MLCs) 

 



 55 

APPENDIX B.  RETROSPECTIVE ANALYSIS DATA 

B.1  Clear Checks 
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Figure B-1: Clear Check Case 13100 
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Figure B-2: Clear Check case 13125 



 58 

 

Figure B-3: Clear Check case 41080 
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Figure B-4: Clear Check case 17656 
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Figure B-5: Clear Check case 88942 



 61 

 

Figure B-6: Clear Check case 38946 
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Figure B-7: Clear Check case 59758 

 



 63 

 

Figure B-8: Clear Check case 20063 
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B.2  SRS MapCheck QA  
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Figure B-9: SRS Mapcheck QA case 13100 original plan 
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Figure B-10: SRS Mapcheck QA case 13100 AXBe plan 
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Figure B-11: SRS Mapcheck QA case 13125 original plan 
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Figure B-12: SRS Mapcheck QA case 13125 AXBe plan 
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Figure B-13: SRS Mapcheck QA case 41080 original plan 
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Figure B-14: SRS Mapcheck QA case 41080 AXBe plan 
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Figure B-15: SRS Mapcheck QA case 17656 original plan 
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Figure B-16: SRS Mapcheck QA case 17656 AXBe plan 
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Figure B-17: SRS Mapcheck QA case 88942 original plan 
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Figure B-18: SRS Mapcheck QA case 88942 AXBe plan 
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Figure B-19: SRS Mapcheck QA case 38946 original plan 
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Figure B-20: SRS Mapcheck QA case 38946 AXBe plan 
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Figure B-21: SRS Mapcheck QA case 59758 original plan 
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Figure B-22: SRS Mapcheck QA case 59758 AXBe plan 
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Figure B-23: SRS Mapcheck QA case 20063 original plan 
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Figure B-24: SRS Mapcheck QA case 20063 AXBe plan 
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APPENDIX C.  PYTHON CODE 

 

Figure C-1: Example of the python code used to create data points for the spline 

interpolations.  This example is for the Exradin A16 Micro ion chamber.  For each 

detector, the corresponding x and y values were adjusted to match the field size and 

output correction factors from Figure 3-1.  
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