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Abstract 

 

Three dimensional conformal radiation therapy treatment systems have encouraged the 

accomplishment of EB radiation therapy modalities. Regions of high radiation dose in 

patients can be conformed efficiently and accurately by employing these techniques. This 

thesis is shifted into three main investigations, focusing on validation of 3D dose 

distribution in conformal radiotherapy. Firstly, development of powerful but relatively 

inexpensive computer systems which contains spatial registration (fusion) of 3D images 

from different modalities, most commonly CT, MRI, is a major area of research for 

radiology and radiation oncology. This part of thesis examines the utility of integrating 

images from Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) and 

compare Gross tumor volume (GTV) delineated in CT and CT-MRI fused image data sets 

separately. Delineation of GTV defined by fusing the two imaging modalities is an 

important step and could provide significant difference using CT and CT-MRI fused image 

data sets. In this study twenty two patients suffering from Brain Gliomas were evaluated 

using CT and CT/MRI images. Match points Registration method is used for. The GTV of 

CT-MRI fused images was large as compared to CT images with mean volume of 

(Mean±SD: 112.67±74.73 cc) and 102.15±64.88 cc respectively. Difference observed for 

GTV is 10.52±10.05 cc (p= 0.004). After taking CT-MRI fused image as reference, 

calculated mean percentage difference in volumes was about 12%. It was found that GTV 

was larger on CT-MRI image for brain Gliomas than CT image. Therefore, the fusion of two 

imaging modalities is recommended for accurate delineation of GTV in radiation therapy 

treatment planning of brain tumor. 

Secondly, this thesis contains dose distribution in the phantoms as current practices in 

radiation therapy required high doses of radiation to be delivered with increased accuracy. 

Treatment planning task is exercised till an optimum conformal dose distribution is 

achieved. The present reported work was performed to compare the various aspects of the 

cobalt-60 radiation beam therapy with fixed source-surface distance 70cm incident 

normally. This study was conducted at the department of radiation Physics of MD Anderson 

Cancer Centre, University of Texas, Houston, United States. Radiation doses were 



P a g e  | vii 

calculated in a solid phantom as well as in water phantom at different square field sizes and 

depths. It was noted that the rate of absorbed dose increased with the increase in the field 

size and decreased with the increase in depths. The rate of absorbed dose was found to be 

directly proportional to the increase in the square field size and inversely proportional to the 

increase in depth. Moreover, the solid phantom demonstrated more absorbed doses as 

compared to the water phantom. 

Third part of the thesis contains TPS which have capabilities for the betterment of patient 

health. The expected radiotherapy exposed to contra-lateral breast during delivery to 

primary diseased site is of major findings. It was planned to examine the consequences of 

physical wedge (PW) and enhanced dynamic wedges (EDW) on contra-lateral breast dose 

employing high energy photon energies. The Varian's Clinac model 2100 C/D and Siemen's 

Primus accelerators were used with 6 MV and 15 MV energies. Sixty five patients with 

cancerous breast as well as chest wall were considered and their contra-lateral doses were 

calculated at a point 5 cm across, at 2 cm depth from medial field end.  

The contra-lateral breast dose mean difference was 0.25 cGy and 0.24 cGy in comparison of 

physical and enhanced dynamic wedge on Varian's Clinac and 0.19 cGy and 0.18 cGy were 

establish for medial enhanced dynamic wedge (EDW) and without medial enhanced 

dynamic wedge for the same device in breast cases and chest wall cases respectively as per 

entire prescribed radiation dose. The mean difference for physical wedge (Clinac) and 

physical wedge (Primus) was examined as 0.08 cGy and 0.31 cGy and during the evaluation 

of medial physical wedge and without medial physical wedge on primus machine, this mean 

difference was found as 0.25 cGy and 0.51 cGy in breast cases and chest wall cases 

respectively as per whole prescribed dose. Conclusion: The investigation shows the 

importance that the enhanced dynamic wedge gives less radiation dose, which leads to 

second breast malignancy, compared to physical wedge. In addition to these findings, the 

medial wedge can produce second breast malignancy also and should not be dealt in future 

planning. So this project offers a number of key results that enhance the validation of 3D 

radiations dose distributions in conformal radiation therapy.  
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     CHAPTER 1 

1 INTRODUCTION 

1.1 Radiation Therapy 

Cancer is one of the foremost global life threats. Cancer can be generally described as an 

uncontrolled growth and spread of abnormal cells in the body. The mutations in DNA affect 

normal cell growth and divisions. The accumulation of cells may create a tissue mass called a 

tumor. Cancer can invade to neighboring tissues distant body parts through the blood and 

lymph systems. When diagnosed with cancer, several standard treatment techniques are 

available to the patients including surgery, chemotherapy, and radiation therapy [1]. Radiation 

therapy has a principle and pivotal role in the treatment of cancer. A standard workflow for 

External beam radiation therapy (EBRT) can be used for imaging the patient with a computed 

tomography (CT) machine. The physician then identifies the tumor and surrounding normal 

structures on the CT image and designs a plan. The designed radiation dose is delivered to 

destroy malignant cells, distinctively. The radiotherapy damages the DNA of malignant cells, 

while reducing the dose to the normal structures keeping in view the Philosophy of ALARA 

[2-5].  

This external beam is delivered at several incident angles on the patient to focus dose on the 

tumor. Also, to take advantage of the differing recovery rates of cancerous and normal tissues, 

the dose is divided into multiple fractions that are delivered on patient across the span of 

several weeks [6-8].  

 

https://rpop.iaea.org/RPOP/RPoP/Content/InformationFor/Patients/radiation-terms.htm#radiation-dose
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Figure 1.1 Treatment Plan with presenting dose within the PTV varying from 95% to 

105% of that approved dose as per ICRU 50. 

 

1.2 Development in Radiation Therapy 

Radiation therapy is the health use of radiation and radioactive materials to treat cancer and 

benign diseases. Recently a swift progress in the technology of radiation oncology has 

observed. The computer technology played a vital role in this modern development and its 

applications in radiation dose delivery compliance. Computer technologies have been applied 

to cobalt-60 Teletherapy machines and complex linear accelerators [9-25]. Conventional 

radiation therapy is employed generally in cancer treatment. This modality focused a beam of 

radiations directly to the targeted malignant internal organ. Conventionally, the dose division 

was optimized in a single plane using 2DTP.  

The introduction of 3D-RTP has managed many limitations due to Computer technology. The 

3DTP has facilitated accurate 3D radiation dose computation by employing computed 

tomography and other key tools.  
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Figure 1.2 Progress in Radiotherapy Techniques 

The 3D-RTP has proved fully equipped for dosimetry to malignant tumor and reduces the 

adjacent normal tissues when compared to 2D planning. The development in radiation therapy 

began with the invention of medical Linear Accelerator in 1940, Computed Tomography in 

1971, PET in 1980, 3D-RTP, IMRT, IGRT and VMAT etc [26-28]. The CT based 3D 

radiotherapy treatment planning proceeds a main advance because it took into the anatomy 

and complex tissue contours. The Three dimensional (3D) radiotherapy permits an accurate 

radiation dose calculations to irregular shaped organs. 

The frequently employed 3D-CRT is a treatment technique intended to distribute high 

conform dosimetry to the tumor and minimum doses to the surrounding normal structures. 

3D-CRT has the capability to conform selected isodoses about the tumor and avoid significant 

normal tissues [29-34].  
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1.3 Principal of Radiation Therapy Treatment Planning 

Radiation therapy treatment procedures are always a compromise between tumor control 

probability (TCP) and normal-tissue complication probability (NTCP). In EBRT. no one 

beam is final for the practice of cancer treatment. External photon beam radiotherapy is 

frequently conceded with more than one radiation beam to attain a uniform and conform 3D 

radiation dose distribution inside the target volume and an as low as possible a dose in healthy 

tissues. ICRU Report No. 50 recommends target dose uniformity within ±7% and ±5% of 

radiation dose delivered to a conformed point within the target volume [35-37]. 

1.4 Aims and Objectives of the Project 

Advanced technology and skilled professionals required for accurate dose delivery. To 

achieve this radiation dose conformity, the invention in modern technologies especially in 

computer has made great progress for the treatment of malignant tumors and in fine-tune 

radiation beams so that the radiation beam should match the shape and position of a patient’s 

tumor. Therefore, Dosimetric verification prior to patient treatment has a key role in accurate, 

precise and pinpoint radiotherapy treatment delivery with agreement of the recommendations 

of International Organizations (AAPM, IAEA etc). On the basis of these preliminary results, 

it is logical and rational to develop radiation dosimetry techniques based on real human body. 

This project is aimed to evaluate the validation of prescribed dose and delivered dose under 

advanced technology for conformal radiation dose. The different dose verification and 

modification tools such as Treatment Planning System (TPS), ionization chambers, solid 

phantom, water phantom, physical wedges, enhanced dynamic wedges. This exploration will 

confirm the validation of treatment systems and techniques and also increases the patient and 

oncologist’s confidence level. Therefore this study will decrease the death rates caused by 

cancer. The work of this project will lead to successful planning and delivery for conformal 

dosimetry. 

Summarizing, Ultimately this project will benefit the cancer patient by improving the 

likelihood of cure with reduced complications, resulting in a better quality of life. Hence, 

there is a great need for well-designed and efficient quality systems and procedures to 

compensate for diminished human control. 
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This thesis is shifted into three main investigations, focusing on validation of 3 D dose 

distribution in conformal radiotherapy.  

1. Brain Gliomas CT-MRI Image Fusion for Accurate Delineation of Gross Tumor Volume 

in Three Dimensional Conformal Radiation Therapy 

Firstly, development of powerful but relatively inexpensive computer systems which contains 

spatial registration (fusion) of 3D images from different modalities, most commonly CT, 

MRI, is a major area of research for radiology and radiation oncology. This part of thesis 

examines the utility of integrating images from Computed Tomography (CT) and Magnetic 

Resonance Imaging (MRI) and compare Gross tumor volume (GTV) delineated in CT and 

CT-MRI fused image data sets separately to get best contouring which lead to conformal 

dosimetry. 

2. Radiation absorbed dose for cobalt-60 gamma source in phantoms for different materials 

This second part of thesis contains dose distribution in the phantoms as current practices in 

radiation therapy required high doses of radiation to be delivered with increased accuracy. 

The present work was performed to compare the various aspects of the cobalt-60 radiation 

beam therapy with fixed source-surface distance in conjunction with the three dimensional 

conformal treatment technique till an optimum conformal dose distribution is achieved. 

Radiation doses were calculated in a solid phantom as well as in water phantom at different 

square field sizes and depths. The role of humidity, temperature and pressure is also 

discussed. 

3. Optimum reckoning of contra lateral breast dose using physical wedge and enhanced 

dynamic wedge in radiotherapy treatment planning system. 
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This third part of the thesis investigates the treatment planning systems which are at the heart 

of radiation therapy (RT) systems and the key to improved patient outcomes.  In this part, the 

project was intended to investigate the effect of physical wedge (PW) and enhanced dynamic 

wedges (EDW) on contralateral breast dose during primary breast irradiation in radiotherapy 

treatment using high energy photon beams. The Eclipse three dimensional treatment Planning 

System (3DTPS) was used to measure contralateral breast dose for the validation of three 

dimensional conformal radiation dose during primary breast irradiation.   

1.5 Scope of the Project 

Dosimetric verification prior to patient treatment has a key role in accurate, precise and 

pinpoint radiotherapy treatment delivery techniques. On the basis of these preliminary results, 

it is logical and rational to develop radiation dosimetry methods based on real human body. It 

has been recommended that the success and failure of radiation treatment planning and 

delivery mostly depend upon the absorbed dose and Monitor Units (MUs) delivered to tumor 

as well as critical structures and should not vary by more than few Percents from the 

prescribed dose values according to the philosophy of ALARA. The pivotal purpose of this 

proposed project is validation of dose distributions in terms of prescribed dose and delivered 

dose in target volumes and OARs Three dimensional conformal radiotherapy (3DCRT) 

treatment technique. 

1.6 Cancer Descriptions 

The unregulated and uncontrolled division of cells is called cancer. The malignant cells show 

an assembly of diseases in which group of cells divide in an unsteady fashion. Cancer begins 

in our body cells which makes the building blocks in our body. Naturally, undesired and un-

functional old cells are replaced by newly created cells as per body requirements. Sometimes 

this mechanism gets faulty. New cells forms even when we don't need them, and old cells do 

not die out when need. The cells continue to propagate in uncontrolled fashion [38-45]. It 

produces ultimately an unwanted and undesired clone of cells. This clone of cells is called 

Tumor. 
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Figure 1.3 Malignant cells 

 

1.6.1 Cancer Nomenclature 

Cancer is named as per name of organ where it initiates. 

 

Figure 1.4 Cancer Nomenclature 
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1.6.2 Cancer Identification 

Cancer cells can be identified as these are less differentiated than normal cells. The malignant 

cells have high nucleus to cytoplasm ratio, prominent nucleoli and mitotic divisions. The 

occurrence of invading malignant cells in the normal body tissue is a sign of malignancy. 

1.6.3 Cancer Symptoms 

Cancer Symptoms depend on the cancer type and its position.  

 Chills and Fever  

 Night sweats and Fatigue 

  Appetite loss and  Weight loss 

 Malaise and coughing 

 Chest pain and diarrhea 

1.6.4 Causes of Cancer 

Cause of cancer is categorized into two groups such as environmental cause and hereditary 

cause. 

1.6.4.1 Hereditary Cause 

Another cause considered is the hereditary genetic cause. Mutated and abnormal genetic 

material DNA may transfer to next offspring which display malignancy. Hence hereditary 

genetic material is one of the cancer causes. 

 

Figure 1.5 DNA, a genetic material 

http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A003091/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A003090/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A003088/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A003121/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A003107/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A003089/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A003072/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A003079/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A003126/
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1.6.4.2 Environmental Cause 

 Radiation 

 Chemicals ( Benzene , asbestos, hair dyes, tobacco, pesticides  etc) 

  Alcohol drinking 

 infection 

  some type of  mushrooms  

  sunlight excess exposure 

 Unbalanced diet 

 Obesity  

 Viruses 

1.6.5 Types of Cancer 

There are primarily two central types of tumors such as Benign Tumor and Malignant tumor. 

1.6.5.1 Benign Tumor 

The tumor that is not transferred to other part of the body is called benign tumor.Benign 

tumor is characterized by 

 Localization 

 Do not show invasiveness 

 Small size 

 Behave normally usually 

 Only interference with normal cells or their hormones 

1.6.5.2 Malignant Tumor 

The tumor that spreads to the other part of the body is called malignant tumor [46-

64].Malignant tumor is characterized by:  

 Invading into adjacent tissues 

 Invading into distant tissues through Lymph and Blood 

 Metastasis ( the spread of tumor cells and establishment of secondary  growth is called 

metastasis) 

 Division is more rapidly 
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Some Kinds of Cancers Are 

 Breast  

 Lung  

 Rectum  

 Brain cancer and  Liver  

 Skin cancer and Thyroid  

 Ovarian cancer and  Prostate  

 Kidney cancer and Uterine  

 Leukemia and Cervical  

 Testicular cancer and Colon  

1.7 Different Cancer Treatment Techniques 

The invention and development of a computer has given a new turn to medical world for 

cancer treatment techniques. The most employed methodologies and techniques are added 

here. 

1.7.1 Conventional Radiation Therapy 

Conventional RT is basically a general type of cancer treatment modality. It can be used to 

kill the diseased cancerous cells or blocked their invasion. This technology delivered a 

radiation beam from outside directly to the diseased internal structures. The radiation dose can 

be optimized through the patient using 2DTP. The anatomy of the patient is specified in a 

single axial slice. The Inhomogeneity in patient tissues is not considered for dosimetry. 

Current progress in computer and utilization of 3DTP has managed many limitations 

produced by 2D planning. 3DTP uses CT modality and advanced algorithms for 3D dosimetry 

[65-68].  

1.7.2 Three Dimensional Radiotherapy Treatment Planning (3DRTP) 

Three dimensional radiotherapy treatment planning (3D-RTP) has the capability to deliver the 

right dosimetry to tumor and reduces the surrounding normal tissues when compared to 2D 

planning. Advancement in radiotherapy began to grow with the invention of CT scanning in 

1971, medical Linear Accelerator in 1940, PET in 1980. Three-dimensional computed 

tomography based planning is the most important progress because it looks into deep inside 

http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A007222/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A000280/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A001213/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A000889/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A000516/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A000910/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A001299/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A000893/
http://www.ncbi.nlm.nih.gov/pubmedhealth/n/pmh_adam/A001288/
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anatomy and complex structures. Three dimensional radiotherapy permitted accurate dose 

calculations to irregular shaped structures. 

1.7.3 Three Dimensional Conformal Radiotherapy (3DCRT) 

Three Dimensional Conformal Radiotherapy is a radiotherapy technique aimed to deliver high 

precise doses to the tumor and minimum doses to the normal tissues structures. It has the 

ability to conform selected isodoses around the tumor and avoid critical structures. Three 

dimensional conformal radiotherapy technologies have been proved to be very helpful in 

enhancing the classic shrinking field during the last 20 years. We quickly switched from 

conventional 3DCRT to intensity modulated radiation therapy (IMRT) and motion adaptive 

radiotherapy technologies. These advance technologies offer improved patient Care [69-72] 

and this thesis work also employed this advance 3DCRT treatment technique. 

 

Figure 1.6 Three Dimensional Conformal Radiotherapy (3DCRT) 

 

1.7.4 Intensity Modulated Radiation Therapy (IMRT) 

Intensity Modulated Radiation Therapy is a 3D technique that uses 3D Planning and fixed 

radiotherapy beams in conjunction with Multileaf collimators that move in a defined 
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continuous manner. This modality shaped the radiation dose as per target tissue, while sparing 

the surrounding normal structures and so offer minimum side effects. 

IMRT permits us to modulate the intensity of each radiation beam used in treatment. The 

radiation beams are shaped by advanced devices such as collimators in the linac head that 

delivered fine beams onto the diseased tissue within the patient. It has the capabilities to spare 

organs at-risk and treat multiple and irregular targets at the same time. This technology offers 

of a 3D dose plan by varying the intensity of each radiation beam [73-91]. 

 

Figure 1.7 Seven Field IMRT plan of prostate patient 

 

1.7.5 Image Guided Radiation Therapy (IGRT) 

Image guided radiotherapy conducted repeated CT scans during treatment course. Computers 

are employed to recognize variations in size and location of patient’s tumor and permits the 

adjustment in position of the patient during treatment time. Frequent imaging course can 



Chapter 1:   Introduction 

P a g e  | 13 

enhance the accuracy of dose delivery. The cone-beam CT scans technique is performed using 

an x-ray tube [92, 93]. 

1.7.6 Volumetric Arc Therapy (VMAT/Rapid Arc) 

 VMAT/Rapid Arc is the practice in which the linac machine with MLCs moves around the 

patient in a continuous fashion to provide precise delivery. This methodology permits us to 

provide a safe higher doses while reducing the expected side effects and sparing healthy 

tissues. VMAT is a new modality in medical era with EBRT. This technology is performed by 

offering one or more gantry arcs to ensure dose distribution from a range of coplanar/non-

coplanar practices. 

1.7.7 Stereotactic Ablative Radiotherapy / Radiosurgery (SABR) 

SABR offers a critical dose of radiations to small volumes. The fractionated doses are 

approximately five times larger than a normal but the total dose is roughly the same. 

Therefore IGRT has a key role in SABR/radiosurgery. Linac machines can be used to perform 

SABR/ radiosurgery treatment with specific designed devices.  

 CyberKnife: The robotic arm moves around the patient, offering many small radiation 

beamlets. 

 Gamma Knife: This modality delivered defined radiations from Cobalt-60 teletherapy 

macnine into cranial malignancies. The patient’s head can be hold by machine’s 

special built-in frame. 

1.7.8 Tomotherapy 

This modality is a kind of image-guided IMRT. This machine is a hybrid between a CT 

scanner and EBRT machine. The radiation is delivered by this machine for both imaging and 

treatment purposes through rotation around the target [94, 95]. 

1.8 Radiation Dose Measuring Devices 

 There are numerous devices for ensuring dose validation in radiation therapy. Advanced 

treatment tools are being researched for dose validation and accurate radiotherapy.  

1.8.1 Radiochromic Film Dosimetry 

Radiochromic film is a new type of film introduced in radiotherapy dosimetry. The most 

commonly used is a GafChromic (EBT2 and EBT3 film). It is a colorless film with a nearly 
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tissue equivalent composition (9.0% hydrogen, 60.6% carbon, 11.2% nitrogen and 19.2% 

oxygen) that develops a blue color when radiation is delivered. Radiochromic film contains a 

special dye that is polymerized upon exposure to radiations. The polymer absorbs light and 

the transmission of light through the film can be measured with a suitable tool called 

densitometer. Radiochromic film is self-developing material requiring neither developer nor 

fixer. Since radiochromic film is grainless, it has a very high resolution and can be used in 

high dose gradient regions for dosimetry. Dosimetry with radiochromic films has a few 

advantages over radiographic films, such as ease of use; removal of the need for darkroom 

facilities, film cassettes or film processing, dose rate independence, better energy 

characteristics and insensitivity to ambient light. Radiochromic films are usually less sensitive 

than radiographic films and are useful at higher doses [96-110]. 

1.8.2 The aSi Based EPID Detector 

One of the advanced tools for IMRT plan validation is the EPID. It provides 2D dose 

verification against predicted by a TPS. The EPID verifies the plan by checking the 

Agreement evaluation of predicted and measured 2D dose. The LINAC used in this study is 

Varian Clinac DHX equipped with EPID which consist of Amorphous Silicon (aSi) detector 

technology, aSi active detector area is 30 x 40 cm
2
, resolution is 512 x 384 pixels (0.78mm) 

Maximum imager resolution is 1024 x 768 (0.39 mm). It is an Exact Arm portal imager with 

two single robotic arms and driven motors. Its positioning accuracy is ± 1mm. Eclipse TPS is 

capable of portal dose prediction. The dose image acquisition is done by IAS (image 

acquisition system). Dose image is acquired by 4DTC (4D treatment console) and all data is 

stored in Varian medical system database [111-121]. 

 

Figure 1.8 The EPID (Electronic Portal Imaging Device). 
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1.8.3 The Diode Based MapCHECK
®
2 Detector 

The MapCHECK
®
2 (Sun Nuclear Corporation) made of 1527 Sun Point Diodes with PC 

software interfaces and TPS to introduce planned radiation dose for comparison to measured 

dose. It has Field size of  32.0 x 26.0 cm
2
  with uniform detector 7.07 mm spacing .The 

MapCHECK
®
2 used in this study also contains following specifications: Active Detector 

Area: 0.64 mm
2
, Active Detector Volume: 0.019 mm

3
 , Detector Sensitivity: 32 nC/Gy, 

Sampling Frequency: 50 ms, Dimensions; 28.7 x 56.0 x 4.3 cm and Weight:  7.1 kg. The 

MapPHAN, Water equivalent phantom, securely holds the MapCHECK
®
2 array at 

measurement plane depth of 5 cm and backscatter depth of 5 cm. MapCHECK
®
 2 is provided 

with SNC Patient™ Software which compares the measured dose to the planned dose [122-

127]. 

 

Figure 1.9 MapCHECK®2 (Sun Nuclear Corporation) 

 

 

Figure 1.10 MapCHECK
®
2 device set up for measuring IMRT validation plans 
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1.8.4 Gel Dosimetry 

Acrylic molecules implanted within a gel matrix got polymerization upon irradiation. The 

quantity of polymerization is strongly associated with the absorbed dose received by the gel. 

The spatially localized polymerization can be imaged by MRI or optical scanning methods. 

The relaxation rate of the polymerized region was reported to be linearly proportional to 

absorbed dose in a dose range in clinical radiation therapy (0-15 Gy) when scanned in an MRI 

scanner. Gel dosimetry technique proposed by Maryanski et al. 1993. The first international 

workshop dedicated to gel dosimetry (Schreiner, 1999) took place which shows keen interest 

in development and application of the gel dosimetr. Gore et al. (1996; Maryanski et al.1996) 

demonstrated the potential of Optical CT as an alternative imaging technique to MRI for 

PAG-type polymer gel dosimeters. This method was further analyzed by Oldham et al. (2001, 

2003) and Oldham & Kim (2004). [128-151].  

1.8.5 Pressage Dosimeter 

The pressage, a transparent anthropomorphic 3D rigid material, is a polyurethane-based 

dosimeter doped with a radiochromic leuco dye. These dosimeters contain different amount 

and kind of solvent (Leuco dye) and free radical initiator which lead to radiation dose 

sensitivity, density and suitable hardness. A presage dosimeter was molded from a premold 

mixture consisting of a solvent, leuco dye and free radical initiator. The resolution and 

sensitivity of the PRESAGE dosimeter depends upon the resolution of the scanner used to 

image it and types of halogens used within initiator respectively. When exposed to radiations, 

PRESSAGE dosimeter produces an optical density (OD) change which was used to determine 

radiation dose. The PRESSAGE dosimeter irradiated and scanned with the Optical Scanner. 

The optical density (OD) change produced by the PRESAGE can be used to determine 

radiation dose. 
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Figure 1.11 Pressage radiation dosimeter 

 

The optical CT scanner consists of a camera equipped with 1608 x 1208 ccd arrays and 

imaging lenses with a magnification of 0.08X translating to isotropic reconstruction resolution 

down to 80 micrometer. A diffused red LED light consisted in CT scanner, shines the 

dosimeter, which is placed in an indexing tank, and enters into CCD camera through a lens. 

The scanner resolution is a measurement of the resolving power of scanner’s optics. The lens 

rejects the stray light and CCD camera takes the lines integrals at each projection angle. The 

DMOS Reconstruction GUI software the reconstructs final 3D transverse images of original 

scanned object by using Filtered Back Projection Algorithm to a 1 mm voxel edge [152-.186].     

1.8.6 Radiographic Film Dosimetry 

Radiographic films are being used as a radiation dosimeter to determine radiation dose. These 

film dosimeters are easy, quick and cheap and so employed for several applications in 

radiotherapy era. High resolution data and 2D dose distribution can be acquired by using 

films. AAPM TG-69 report has issued important recommendations required for film 

dosimetry. EDR2 film and XV2 film are commonly employed [187,188]. 

1.8.7 Thermoluminescent Dosimeter (TLD) 

The TLDs having tissue equivalence characteristics, generally employed in medical fields are 

LiF:Mg,Ti, LiF:Mg,Cu,P and Li2B4O7:Mn. Other TLDs such as CaSO4:Dy, Al2O3:C and 

CaF2:Mn are used because of their high sensitivity. The TLDs are in various forms like 

powder, chips, rods and ribbons. A fundamental TLD reader system consists of a planchet and 
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PMT to detect the thermo luminescence light emission and convert it into an electrical signal 

linearly proportional to the detected photon fluence and an electrometer for recording the 

PMT signal in the form of charge or current. There are many applications of TLDs in 

radiotherapy fields [189,190]. 

1.8.8 ICRU Volume Specifications 

As per directions of ICRU Repots No. 50 and 71, volumes specification is compulsory for 

significant 3DTP and for pinpoint dose delivery [191]. This ICRU study explains a number of 

targets and significant structures that support in the planning procedure and that present the 

foundation for contrast.  

 

Figure 1.12 Graphical representation of the volumes defined in ICRU Reports No. 50 and 62. 

 

1.9 Specification of Gross Tumor Volume (GTV) 

Specification of volumes and doses is necessary for prescription. GTV is gross, clinically 

visible location and extent of malignant expansion. Definition of the gross tumor volume is 

usually easy with currently accessible medical imaging systems and computers for 3-

dimensional dosimetry. The GTV is the most important tumor mass exposed by experts 
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during assessment.  The GTV position may be obtained by Clinical procedures (inspection, 

palpation and endoscopy) and different imaging methods like x-ray, CT, MRI, US, SPECT, 

PET [192]. 

1.9.1 Specification of Clinical Target Volume (CTV) 

The CTV volume consists of GTV cancerous tissue. This CTV should be irradiated 

effectively. The Clinical Target Volume is a clinical anatomical concept whose definition is 

based on obtainable data on the likelihood of malignant cells exterior to GTV. 

1.9.2 Specification of Planning Target Volume (PTV) 

The PTV is a pure geometrical concept used for treatment planning. The PTV surrounds the 

CTV with an extra margin. The planning target volume (PTV) is used in treatment planning to 

choose right beams.  

1.9.3 Planning Organs at Risk Volume (PRV) 

These are critical normal tissues whose radiation sensitivity may considerably influence 

approved radiation dose. The size of the 5 margin may differ in varying directions. Shielding 

of healthy structures can be ensured by employing MLCs. Dose volume histograms (DVHs) 

are employed to determine healthy structures radiation dose profiles [192].  

1.10  Patient Contouring, Medical Imaging Modalities and Fusion of 

 Medical Images 

1.10.1 Patient Contouring in Treatment Planning 

Contour is a cross sectional sketch of the patient’s external surface. Contouring is essential for 

outlining the PTV and helps in dose limitation to organ at risks. Basically Patient contouring 

is categorized into two types; manual contouring (Plaster of Paris strips, contouring tubes, 

contouring wires, flexible curve etc) and Image based contouring. Image based contouring is 

used for 3D treatment planning. Inaccurate and incorrect contouring may result in difficulties 

with plan optimization for planning Multileaf collimator appointment in forward planned 

techniques. Contouring the right OARs is essential for treatment planning, particularly in the 

modern modulated techniques. Images acquired by CT/MRI/PET are used for contouring the 

patient anatomical landmarks, Target volumes and Organ at Risk. Image based contouring is 

much more accurate than manual contouring system. Trained professionals are required for 

image requisition and contouring [193-203].  
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Figure 1.13 CT contouring of transverse and sagital slice. 

 

1.10.2 Medical Imaging Modalities for Image Fusion 

Accurate and Precise 3D dataset for target volumes are acquired in conjunction with external 

reference points. Different imaging techniques are chosen for different diseased site as per 

protocol guidelines. The most advanced techniques such as CT, MRI, 3D ultrasound, PET and 

SPECT have capabilities to provide important information about the GTV. These MRI and 

PET images are fused with CT scans to optimize tumor localization using a CT scanner with 

virtual simulation.  

1.10.2.1 Computed Tomography (CT) Modality 

The computed tomography (CT) is frequently used for X-ray CT. There are many other types 

of CT such as PET and SPECT. CAT scans are specific X-ray tests that create cross sectional 

images of the patient by employing X-rays radiations and a computer system. CT has 

revolutionized device because it permits doctors to see problems. 

CT technology offer complete internal anatomy of healthy structures and three dimensional 

tumor details. These CT images present density profiles for radiation dose measurement by 

exchange of CT Hounsfield into electron densities. Compton scattering phenomenon is the 

major course of action of tissue interaction. Different medical reports have discovered that 

30–80 percent of patients treated with radiotherapy benefit from the increased accuracy of 

target volume delineation with CT scanning as compared to conventional methods [204-206].  

https://www.emedicinehealth.com/understanding_x-xays/%7B1%7D.htm
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Figure 1.14 A CT image of Brain Tumer 

1.10.2.2 Magnetic Resonance Imaging (MRI) Modality 

MRI is medical technology for generating comprehensive images of patients internal unseen 

organs. This is also known as Nuclear Magnetic Resonance (NMR) imaging. This technology 

employs strong magnetic field and radio waves to produce images of patients. MRI is also 

employed to check many disorders such as strokes and tumors. There is no hazard of being 

exposed to radiations in MRI as compared to CT and X-rays practices. The human body 

comprises of mainly of water. Water molecules (H2O) contain hydrogen nuclei (protons), 

which get aligned in a directed magnetic field [205, 206]. 
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Figure 1.15 MRI Image showing Soft Tissue contrast 

 

The protons present in the body take up energy from the magnetic field and flip their own 

spins. When the field is switched off, Protons in different body tissues return to their normal 

spins. There are two typical forms of MRI namely ―diffusion MRI‖ and ―functional MRI‖. 

1.10.2.3 Positron Emission Tomography (PET) Modality 

PET is a very useful imaging modality. The imaging quality can be enhanced by employing 

PET modality in fusion techniques. The main purpose of PET is in radiology era for brain 

diagnosis procedures [207-215]. There are many application of image fusion such as 

 Brain Cancer dealing  

 Image segmentation and integration  

 Three dimensional tumor simulation  

 Gynecological cancer analysis  

1.10.2.4 Single Photon Emission Computed Tomography (SPECT) Modality 

SPECT is useful imaging technique that is broadly employed to examine the blood flow in 

organs. The further developments in SPECT technology is used to develop better resolution 

abilities to sub millimeter range [207,208,211,212, 216-219]. The application areas include  

 Brain diagnosis   
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 Head and Neck cancer diagnosis  

 Lung cancer   

 Liver diagnosis  

  Tumor detection 

 Fusion of multi-modality images 

 Biopsy 

1.10.2.5 Ultrasound Imaging Modality 

Ultrasound imaging technique is based on SONAR (SOund Navigation And Ranging). The 

major advantage of ultrasound is that there is side effect till now. This ultrasound imaging 

methodology is strongly linked to the operator skills [206,219-222]. There are many benefits 

in following fields.  

 Cancer treatment  

 Conformal radiation therapy  

 Image fusion  

1.10.2.6 Other Imaging Techniques 

There are quite a lot of other Imaging Techniques which are extensively being employed in 

medical fields [223-226] such as 

 Infrared Imaging  

 Fluorescent Imaging 

 Microwave Imaging 

 Microscopic Imaging 
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Figure 1.16 Network for transferring data between steps in the radiotherapy planning process 

1.10.3 Fusion of Medical Images 

Different imaging modalities capture different details and so medical images of human organs 

and cells from different modalities show different types of features and details. Currently 

following imaging modalities are being employed; magnetic resonance imaging computerized 

tomography (CT) [204-206], (MRI) [205,206], positron emission tomography (PET) [207-

215], single photon emission computed tomography (SPECT) [216-219], and ultrasound (US) 

[206,219-222]. They discover applications in the examination of brain, breast, prostate, and 

lungs. Multimodal medical image fusion combines the images obtained from different 

modalities like CT, MRI, PET and many others.  

Medical fusion methodology can be categorized into two techniques in order to make 

successful treatment planning for conformal 3D dose distribution. 
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1 Medical Image Feature Fusion Techniques 

 Medical Data Fusion Techniques 

 

Figure 1.17 Medical image fusion Procedures 

The fusion methodology that employ multiple feature data sets to create new features that are 

comparatively more strong and contain useful information are referred to image  feature 

fusion [227]. Both Feature and data fusion methods represent two significant classes of 

techniques that have proved to be of practical value in evaluating medical imaging troubles.  

1.10.3.1 Medical Image Feature Fusion Techniques 

The exercise of multiple images can expose a wide range of useful practical information that 

is not observable from a single image modality. Image Feature fusion method regularly helps 

in improving image quality and operational efficiency.  

Image feature fusion between images is faced with the problems of image variability such as 

pixel mismatches, missing pixels, image noise, resolution, and contrast. This can be 

understand that incorrect feature representations can lead to wrong conclusions and the failure 

of the successful treatment planning for conformal 3D dose distributions. 

1 Morphological Operators and Filters 

2 Wavelet-Based Feature Fusion 

3 Wavelet-Based Hybrid Feature Fusion  
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4 Component Analysis Techniques 

5 Transform-Based Approaches  

1.10.3.1.1 Morphological Operators and Filters Techniques 

The Morphological operators make use of the connectedness between image pixels. They can 

be exercised either to progress the spatial pixels arrange or to distort them to extract useful 

features. These morphological operators are practiced for fusing the images from multiple 

modalities such as CT and MR. The frequently used operators for image fusion purpose are 

averaging, morphology towers, K-L transforms, and morphology pyramids. The filters 

manufactured in conjunction with morphological operators have been effectively applied to 

analyze and identify brain tumors [228-229]. 

1.10.3.1.2 Wavelet Feature Fusion Techniques 

The idea of the wavelet fusion is to introduce fine features from one image to another. The 

functions such as Substitution, addition, aggregator functions, and data-driven models all are 

involved in the process of image feature injection. Wavelet technique has the capability to 

compress the details of the images through their coefficients and to isolate the excellent and 

coarse particulars from one another. These given coefficients from different features can be 

used to shape the best images. Examples of the application of wavelets include image pseudo 

coloring, improving the resolution of the images through super-resolution techniques, 

diagnosis with medical images, lifting schemes, image segmentation, planning for 

radiotherapy treatment using 3-D conformal mapping, and color visualization for labeling 

[230-234]. 

1.10.3.1.3 Wavelet Hybrid Feature Fusion Techniques 

Neural network is an excellent feature extraction tool and have been practiced along with 

standard fusion rules formulated by wavelet operators to implement medical image fusion. 

Many existed operators have been employed and combined along with other wavelet 

operators to improve the robustness of image features [230,232, 233,235]. Some examples are  

 Combinations with support vector machines. 

 The use of wavelet-texture measure. 

 The Wavelet combined with magnetic resonance angiogram (MRA). 

 The wavelet-self adaptive operator. 
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 The wavelet resolution with entropy. 

  The nonlinear approach with properties of wavelet-shift invariant imaging. 

 The independent component analysis (ICA) combined with wavelet. 

 The wavelet and edge features. 

  The wavelet with a genetic approach. 

 The wavelet combined with contourlet transform. 

 The hybrid of neuron networks with fuzzy logic and wavelets. 

 The wavelet entropy. 

1.10.3.1.4 Component Analysis Techniques 

The suggestion of extracting components from the images has been discovered largely by ICA 

and principal component analysis (PCA). The resulting image feature coefficients can be 

exercised to rebuild the image with only a small number of image feature coefficients. This 

technique has been extensively employed in higher resolution and large volume imaging. A 

multimodal image fusion methodology can retain the spatial features and mandatory 

functional information without image color change by utilizing the Intensity Hue Saturation 

(IHS) Transform [236-237]. 

1.10.3.1.5 Transform Based Approach Techniques 

The different mathematical transforms Tools have been utilized on large scale to enhance the 

presentation of image feature fusion process. The complex contourlet transform technique in 

conjunction with wavelet approach has results in fine image feature fusion. 

Transform based methods are also applied for liver examination, fusion of  risk factors, 

diagnosis of multi-factorial problems, parametric classification, local image evaluation and 

multimodality image fusion [238, 239]. Some uses include  

 Tissue classification.  

 Brain Diagnosis. 

 Automatic segmentation. 

1.10.3.1.6 Medical Data Fusion Techniques 

The term data fusion is employed to techniques used for combining decisions obtained from 

manifold feature sets to generalize the decisions globally [240]. 
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Some its major techniques are; 

 The Knowledge in Data Fusion Methods  

 The Data Fusion with Artificial Neural Networks 

1.10.4 Fusion of CT-MRI Images 

Image fusion is a significant tool for developing the quality of tissue images. Quality of image 

is one of the key constituent in 3DCRT as well as in IMRT modalities. The specific volumes 

including GTV and CTV can be delineated as per ICRU report 50 [241]. The fusion 

methodology that employs multiple feature data sets to create new single feature that is not 

result from a single image modality and this fused image full of all necessary features is 

comparatively stronger and contain useful practical information [241]. Image fusion method 

has proved to be of practical value in evaluating medical imaging problems [242, 243].  

CT images can identify anatomy of the patient. The fusion methodology that employs 

multiple feature data sets to create new single feature that is not result from a single image 

modality and this fused image full of all necessary features is comparatively stronger and 

contain useful practical information. Image fusion method has proved to be of practical value 

in evaluating medical imaging problems.  

It offers spatial accuracy and electron density information for heterogeneity correction in TPS 

for dose calculation [244-248]. At the same time poor soft tissue contrast is one of the main 

disadvantages to outline the normal organs in CT images.  

Multimodal medical image fusion combines the images obtained from different modalities 

such as PET, CT, MRI and many others. CT scan deliver detailed information on dense bony 

structures while MRI scan provides details on soft tissues. The MRI provides better contrast 

than CT while differentiating soft tissues delineation of target volumes. MRI image results are 

more accurate and precise but at the same time it has some disadvantages [245]. An MRI 

image does not contain exact physical information than the CT. This physical information 

given in MRI data set can be set into CT data sets by fusing both CT and MRI images [243]. 

The Registration of CT images with MRI images is more successful and efficient method in 

delineation of target volume and organ at risk [244, 245, 247, 249]. A CT-MRI fused image 

really helps the radiation oncologists as well as physicists to outline the tumor and OARs for 

the better treatment in radiotherapy. Moreover CT-MRI fusion results in improving the 
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delineation of target volumes in brain Gliomas [242, 243, 249, 250]. The aim of this study is 

to compare the GTV and to find the percentage volume differences when target is separately 

marked on CT image and CT-MRI fused image. Also the importance of the better quality of 

the image and new modalities used successfully and proved useful in radiotherapy treatment 

planning is also investigated. 

 

Figure 1.18 Axial cuts of contrast enhanced CT images registered with MRI images. 

 

1.11  Radiation Absorbed Dose for Cobalt-60 Gamma Source 

1.11.1 Cobalt-60 Radiation Therapy 

Cobalt-60 based radiation therapy has a key role in not only developed countries but also in 

developing countries where radiotherapy is very limited or difficult to access. Cobalt-60 is 

employed as a gamma ray source as it can be produced by bombarding cobalt-59 with 

neutrons. Cobalt-60 decays to Nickel-60 (60Ni28) by the emission of beta particle. The 

activated nickel nucleus emits two gamma ray photons with energies of 1.17 MeV and 1.33 

MeV, resulting in average beam energy of 1.25 MeV and the soft beta radiation is simply 

filtered out by approximately 0.16 mm of steel sheet [251-254]. The energy of these gamma 

radiations is used in radiotherapy to treat malignant tissues.  
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Figure 1.19 Gamma Photon Generation 

 

1.11.2 Cobalt-60 Teletherapy  

Cobalt treatment still has a helpful key role in definite applications and is still in common use 

worldwide, since the machinery is relatively reliable and simple to maintain compared to the 

modern linear accelerators. 

To shield against unjustified exposure to radiation, it is required to resolve the radiation dose 

for definite body organs and tissues [255] by executing International Atomic Energy Agency 

(IAEA) protocols [256, 257]. Accurate and precise radiation dose measurement are important 

during the radio therapeutic treatment, and the overall dose delivery error should not exceed 

5%, as recommended by ICRU [258] and the Nordic Association Of Clinical Physicists 

(NACO) [259]. Therefore, this study was conducted to validate the doses of 60Co teletherapy 

units in a water phantom. The easy handling of cobalt units gives them the advantage of 

reduced maintenance and running costs. There is a decrease in activity in cobalt-60 due to 

decay process Therefore this setup requires periodic replacement of the sources and is one of 

the reasons why cobalt machines have been partly replaced by linear accelerators in modern 

radiation therapy [251-254].  

1.11.3 Fundamental Dosimetry 

A water phantom always used to collect beam data sets. The water Phantom facilitates the ion 

chamber to image through the radiation field. A dosimeter tool is employed to measure 

https://en.wikipedia.org/wiki/Linear_particle_accelerator#Medical_linacs
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radiation dose and dose rate in radiotherapy practices. The central axis (CA) data sets can be 

collected and determination of the absorbed dose to water under definite reference conditions 

can be acquired. This all acquired data is justified by a team of professional and skilled 

medical physicists and then entered to the Radiotherapy Treatment Planning System (RTPS). 

All international recognized organizations such as American Association of Medical 

Physicists (AAPM) and International Atomic Energy Agency (IAEA) recommend water as a 

reference medium for radiation dose measurements. In terms of dosimetry this acquired 

Central Axis (CA) data is referred to as relative dosimetry and determination of absorbed dose 

to water is termed as absolute dosimetry. Therefore, the dose measurements can be 

categorized into two dosimetry fields; 

 Relative dosimetry 

 Absolute dosimetry 

1.11.3.1 Relative dosimetry 

In terms of dosimetry this acquired Central Axis (CA) data is referred to as relative dosimetry. 

A large water phantom is commonly used to perform Relative dosimetry and an appropriate 

ionization chamber is used in the water phantom. The radiation dose values are measured at 

many different points under different treatment techniques such as field size, source skin 

distance (SSD), and beam modification tools. The isocentric, source axis distance (SAD) 

treatment techniques are frequently used for treatment of a particular tumor sitting inside the 

patient. SAD setup depends on other factors such as  

 Tissue Air Ratios (TAR)  

 Tissue Phantom Ratios (TPR) 

 Tissue Maximum Ratio (TMR) 

 Output Factor 

 Blocking Tray Factor 

The Source Skin Distance (SSD) technique depends on Percentage Depth Dose (PDD) 

distributions [260,261]. The central axis dose distributions inside the phantom are usually 

normalized to depth of maximum D max = 100%. 
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1.11.3.2 Absolute dosimetry 

In terms of dosimetry, the absorbed dose to water is termed as absolute dosimetry. A 

calibrated ionization chamber (IC) is generally employed to measure the absolute dose 

measurements in a water phantom. The generally applied procedure for specification of beam 

quality using IAEA TRS-398 protocol is to specify the Tissue Phantom Ratio (TPR) which is 

defined as the ratio of the absorbed doses at depths of 20 cm and 10 cm in a water phantom 

calculated with a constant source chamber distance of 100 cm and a field size of 10 x 10 cm
2
 

at the chamber plane [262].Determination of absorbed dose to water under the reference 

conditions is given by multiplying the corrected of the dosimeter reading with the calibration 

factor and K Q, Qo which is the Chamber Specific Factor which corrects the difference between 

the reference beam quality Q0 and the actual beam quality Q [262]. Absolute measurements 

include  

 Beam Quality Specifications 

 Calibration of Ionisation chamber  

 Determination of Absorbed Dose 

1.11.4 Fundamental Dosimetry Methods 

There are three fundamental methodologies for the measurement of absorbed dose to water 

such as 

 Calorimetry 

 Chemical Dosimetry 

 Ionization Dosimetry.  

1.11.5 Role of Air Temperature, Pressure and Humidity in dosimetry 

In order to obtain precise and accurate results, the clinical experimental conditions should be 

equivalent to the standard reference conditions employed in the standard laboratory. The 

failure in these equivalent standard measurement conditions may influence the response of the 

dosimeter and then it is essential to differentiate between these experimental conditions. So a 

correction factor KPT can be applied to the temperature and pressure to change the cavity air 

mass to standard conditions. This correction should be applied by an equation 

KPT = (273.5+T) / (273.5+T0) x Po /P 
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Where To is standard temperature (To = 22°C) and Po is standard pressure which is 101.33 

kPa (kilo Pascal, 1 standard atmosphere = 760 mm of Hg = 101.33 kPa), T is temperature of 

water inside an ion chamber, taken as the temperature of the surrounding water and P, local 

air pressure, is the pressure inside the ion chamber. Standard environmental conditions are 

different in different sites, so the corresponding changes in the expression (KPT = P0 

(273.5+T) / p (273.5+T0) are necessary. 

If the calibration factor was referred to a relative humidity of 50% and is employed in a 

relative humidity between 20 % and 80 %, then no corrections for humidity are needed. If the 

calibration factor is referred to dry air, a correction factor must be applied and the calibration 

factor for Co-60 is Kh = 0.997 [263]. 

1.11.6 Ionization Chambers (ICs) 

Traditionally, ionization chamber is employed to describe detectors which gather all those 

charges created by direct ionization phenomenon. The radiation dose can be determined 

absolutely by Calorimetry/ICs techniques. Calorimetry determined the heat produced into 

water while ICs recognized the number of ion pairs created in air. ICs are key tools employed 

for calibration of radiation beams. 

Generally, following ICs are used in practice; gas filled radiation detectors, thimble 

chamber/Farmer chamber and Parallel plate ICs. Ionization currents produced by radiation 

beams are collected by a device called electrometer (of the order of 10
−9

 A). Standard 

Conditions for radiation beam calibrations are recommended by national protocols such as the 

Task Group (TG)-51 from AAPM and by national regulatory authorities. The chamber needs 

necessary conditions of electronic equilibrium for normal operation. Disequilibrium 

conditions may offer incorrect results. Cylindrical parallel plate ICs are used to find out depth 

dose data and give right dose information close to the surface and at depth in water phantom 

[264]. 

1.11.7 Solid Phantoms 

The solid water has characteristics very close volumetrically to those of water. When it is 

employed as a dosimetry phantom for x-ray and gamma-ray beams in the radiotherapy range, 

phantom to water corrections and density corrections are eliminated. The absorbed dose to 

water for high energy photons and electrons is recommended as the standards and reference 
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absorbed dose by AAPM Report no.51, IAEA Technical Reports no.398 (TRS-398) and 

JSMP Standard Dosimetry for Radiotherapy (JSMP01) to lessen the uncertainty.  In these 

recommendations, water is defined as the reference medium and offer calibrations within 1% 

of the true dose. Solids phantoms can be employed for both photon and electron beam 

calibrations [264]. 

 

Figure 1.20  Plot between absorbed dose and field size showing Characterization of Solid 

and water phantoms  

1.11.8 Water Phantoms 

Water is freely available and close alternate for soft tissues and muscles. Therefore water can 

be used for phantom material. These phantoms being a homogenous and water equivalent are 

very helpful for absolute dosimetry. The water phantom made of a transparent plastic tub 

(about 60 cm in all dimensions) filled with water. A waterproof IC can be positioned in the 

phantom. These phantoms also offer complexity with electrical circuits which must be 

waterproofed [264]. 
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Figure 1.21  Plot between absorbed dose and field size showing Characterization of Solid 

and water phantoms 

1.12  Breast Malignancy 

1.12.1 Breast Anatomy 

Female breast is a soft gland consisting of lobes and ducts. Each breast has 15 to 20 zones 

called lobes which have numerous smaller sections called as lobules. Lobules ended in 

extremely tiny bulbs which can generate milk. The primary function of the breast is to 

generate milk in all mammals. The milk runs through lactiferous ducts and heads to the 

nipples. The nipple is surrounded by a black pigmented zone called as the areola. All these 

parts lobes, lobules and bulbs are associated with each other by thin tubes called ducts. Each 

breast also carries blood vessels and lymph vessels. The lymph vessels send out a nearly 

colorless fluid called as lymph. Lymph vessels forms organs called lymph nodes. Lymph 

nodes are small bean shaped structures that are established almost throughout the body. They 

filter substances in fluid called lymph and aids in fight against the infections and diseases. 

Clusters of lymph nodes are recognized near the breast in the axilla [265-269]. 

 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46188&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46441&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46308&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=45020&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=269462&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=44669&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46305&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=257523&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=45762&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=45364&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=46510&version=Patient&language=English
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Figure 1.22 Structure of Female Breast 

 

1.12.2 Breast Radiosensitivity 

It is always necessary to find out radiosensitivity of a specific cancer before finalizing its 

treatment. The radiation response of a tumor is described in term of its radiosensitivity. The 

radiosensitivity of a cancer is a concern of clinical measure.Following procedures must be 

kept in mind. 

 If a specific cancer will cure with ―fine curative dose‖, then it is non radiosensitive 

breast. 

 If a specific cancer will not cure with ―fine curative dose‖, it is radiosensitive breast. 

 The radiosensitivity can be enhanced by using a few particular ―drugs‖ before 

radiotherapy.  

 The tumor response to radiotherapy is also related with ―Breast Size‖. 

1.12.3 Types of Breast cancer 

The general types of breast cancer are  

 Ductal carcinoma, which initiates in the ducts’ cells.  

 Lobular carcinoma, which starts in cells of lobes or lobules. 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=444971&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=45085&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=426416&version=Patient&language=English
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(a)                                                                  (b) 

Figure 1.23(a) A ductal carcinoma in breast (b) A lobular carcinoma in breast 

 

The lymph drainage in breast is important to investigate because malignant cells have the 

capability to spread to other parts of the body via lymph fluids and blood [265-269]. 

1.12.4 Treatment of Breast Cancer 

Contralateral breast receives scattered and leakage dose from collimators and other mediums 

there during primary breast radiation therapy treatment. This dose to contralateral breast is the 

main concern for doctors, as this can direct to the growth of second breast malignancy. 

Naturally breast is extremely radiosensitive tissue and therefore must be dealt as OAR. So, 

special modulating devices and treatment methodology have been devised to decrease this 

unwanted radiation dose and to shield nearby healthy structures [270,271].Treatment 

techniques exercised in treating breast cancer are; 

 Surgery: If the malignant tumor is feasible for operation then the followings are 

performed. 

 Mastectomy: This is a special surgical operation in which entire malignant tumor is 

removed. 

 Lumpectomy: Asurgical operation in which some lump of malignant tumor is 

removed. 

 Debulking: This is a surgical procedure in which amount of malignant tissue is 

reduced for the enhancement of patient’s survival. 

 Palliative: When cancer cannot be cured, then surgical procedure is performed for 

palliative treatment for relieving biliary stoppage and connected problems. 

http://en.wikipedia.org/wiki/File:BreastCancer.jpg
http://en.wikipedia.org/wiki/File:BreastCancer.jpg
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 Chemotherapy: This practice is performed to accomplish adjuvant therapy, Palliative 

treatment and tissue shrinkage. 

 Radiotherapy: Highly energetic radiations (x-rays, gamma-rays etc) are employed to 

treat malignancies.  

1.12.5 Second Breast Malignancy during Primary Breast Irradiation 

Contralateral breast (second breast) receives scattered and leakage dose from collimators and 

other mediums there during primary breast radiation therapy treatment. This dose to 

contralateral breast is the main concern for doctors, as this can direct to the growth of second 

breast malignancy. Naturally breast is extremely radiosensitive tissue and therefore must be 

dealt as OAR. So, special modulating devices and treatment methodology have been devised 

to decrease this unwanted radiation dose and to shield nearby healthy structures [272-273]. 

The Wedge filter technique is commonly used for this purpose. We intended to evaluate the 

effect of PW and EDW on contralateral breast dose during primary breast irradiation using 

radiotherapy treatment planning system. 

1.12.6 The Treatment Planning System 

Before revolutionized development in planning systems, generally treatment planning was 

accomplished through ―Manual Manipulation‖ of standard isodose charts. With the passage of 

time, the professionals initiate an esteemed development in CT which led to computerized 

treatment planning. Currently treatment planning is totally depending upon computer and so 

computerized treatment planning became a standard treatment modality worldwide exercised 

in EBRT. This new beginning gave the clinicians a satisfaction and pleasure in planning a 

maximum tumor dose optimization and minimum dose to normal surrounding tissues. 

Radiation treatment systems are available for all radiations delivery. 

The treatment planning system available at Shaukat Khanum Memorial Cancer Hospital and 

Research center Lahore Pakistan for the purpose of radiation treatment planning is ―Eclipse‖. 

The eclipse is the most ample RTPS used globally. It is equipped with different treatment 

modalities such as IMPT, IGRT, 3-D Conformal, electron, proton and brachytherapy. 

1.12.7 The Treatment Planning Algorithm 

―A step-by-step capable technique comprising of definite rules and directions used for Dose 

computation in radiotherapy, Data processing practices and Automated Reasoning is known 
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as an Algorithm‖. A pencil beam convolution is an algorithm employed to explain ―Beam‖ or 

―part of a beam‖ of electromagnetic radiations such as x-rays/gamma-rays as in radiotherapy 

and Charged particles (electron, protons) in the form of a ―cone‖ or ―cylinder‖ [274]. 

An algorithm must be used in computer for dose computation. The radiotherapy treatment 

planning system (RTPS), the ―eclipse‖ works using pencil beam convolution algorithm (PBC) 

at SKMCH & RC Lahore Pakistan. Once the mathematical formulation has been designed, the 

algorithm must be converted into computer code dataset. This computer cod will require 

competent software for 

 Assess image data  

 Assess contour data  

 The beam geometry and the field shapes planning 

1.12.8 Different Treatment Plannings 

Radiotherapy treatments are always considered a compromise between TCP and NTCP. In 

radiation therapy, no one beam is ideal for cancer treatment, however most generally Photon 

beams (X-Rays) are used in cancer treatment produced by Linear Accelerators/radioisotopes. 

The precise and concise optimization of prescribed dose to target is achieved with competent 

treatment planning which skilled by treatment planning computer software. The planner 

designs an excellent plan which offers correct dose to the tumor and minimum dose to 

neighboring normal structures [190,275,276]. Two types of planning are 

1.12.8.1 2-Dimensional Treatment Planning 

The process of computation of radiation dose distribution regarding two dimensions only is 

termed as 2-D planning. It is faster and often possible to perform by hand. 

1.12.8.2 3-Dimensional Treatment Planning 

The practice of reckoning of dose distribution regarding three dimensions (volumes) is termed 

as 3-Dplanning. The variations in dose distribution caused by scatter from multiple planes 

(volumes). Current most modern computers are competent to work out dose in three 

dimensions. 
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Figure 1.24 3-D radiotherapy treatment planning 

Generally the Patient’s treatment plans are approved with either SSD technique or SAD 

technique in steady approach. 

 Constant SAD 

 Constant SSD 

1.12.8.3 Constant SSD (Source to Surface Distance) 

The SSD measurement depend upon PDD (percentage depth dose) curves and therefore the 

basis of the treatment planning is constant SSD. A usual patient relocation between treatments 

is essential while using constant SSD technique under multiple fields [190,275,276]. 

1.12.8.4 Constant SAD (Source to Axial Distance) 

The constant SAD technique or isocentric employ same constant distance from the beam 

source to the isocentre. This technique creates problems in calculation of dose and this 

difficulty can be removed by using TAR, TPR or TMR which can control the dose depending 

on the depth within the treated patient. 
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1.12.8.5 Parallel Opposed Fields 

When employing multiple fields, parallel opposed fields is the simplest practice. While 

directing two beams along the same axis, the dose fall off in one beam will be rewarded by the 

other beam. 

 

Figure 1.25 Schematic Representation of field Placement in 3DCRT 

1.12.8.6 Multiple Fields 

The plan of offering minimum dose to organ at risks OAR and regulating the prescribed dose 

to target area is accomplished be utilizing Multiple Fields. 
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CHAPTER 2 

2 PHOTON BEAM DOSE DISTRIBUTION, CHARACTERISTICS 

AND DETERMINATION 

2.1 Photon Beam Dose Distribution 

The basis of Photon beams dose distribution are;   

 The  photon beam chart: depth dose central beam axis 

 The beam profile  

 The  Isodose chart 

2.1.1 Photon Beam Charts (PDD) 

A chart presenting dose along the central beam axis is known as a depth dose distribution. The 

prescribed Dose is normalized at zmax.The PDD depends on  

 beam energy ( superficial, orthovoltage, megavoltage beams energies) 

 field size ( symmetric and asymmetric fields) 

 SSD 

 Inhomogeneity 

 

Figure 2.1 Percent depth dose (PDD) curves for 6MV and 18MV energies 
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2.1.2 Beam Profile 

The deviation of dose incident on a perpendicular line to the central beam axis at a specific 

depth is known as the beam profile. It measures how dose is changed at points far from the 

central beam axis. It consists of three areas: 

 The central zone that is generally flat and includes 80% doses of the central beam axis.  

 The penumbra zone where radiation dose falls off rapidly at the beam rim. It includes 

20-80% of the central beam axis dose.  

 The umbra zone where dose is least below 20%  

 

Figure 2.2 Photon beam profiles for 6MV energy 

2.1.3 Isodose Chart 

Two dimensional demonstration of equal dose distribution is known as Isodose chart 

[190,275,276].  

 These charts are shaped by drawing lines along equal increments of percent dose. 

 100% dose is taken as the ―depth of dose maximum‖ on the central axis for constant 

SSD and 100% dose is at the machine isocentre for constant SAD. 

 Isodose charts demonstrate a combination of the % depth dose and the beam profile at 

several points along the length of the central axis.  

 Isodose charts are drawn on a plane drawn parallel to the beam direction and 

perpendicular to the central axis. 
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Figure  2.3 6 MV Isodose charts 

2.1.4 Megavoltage photon Beams 

Megavoltage photon beams are frequently used due to following properties [190,275,276]. 

 reduced surface dose is created 

 The  buildup region is produced 

 exhibit maximum dose dmax  depth  

 A ongoing thrashing of dose with depth beyond zmax 

 A quick/sharp physical penumbra at the beam border  

 Inhomogeneity causes fluctuated attenuation based on material density. 

2.1.5 Kilovoltage photon Beams 

Superficial tumors are typically irradiated with Kilo voltage beams as they put 100% dose on 

the treated area. 

 highest radiation dose occurs at the surface face 

 A uneven dose rate fall off following incident energy 

 very sharp penumbra at the surface face  

2.1.6 PDD (Percent Depth Dose) 

The quotient of dose at a point on the central axis (P) relative to the point on the maximum 

dose (zmax) is known as Percent Depth Dose and abbreviated as PDD. 
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Formula 

PDD    =     DP   /   Dzmax   * 100 

 DP    =   dose at any point P at any depth p 

 Dzmax    =  dose at reference depth (z).  

 

Figure 2.4 Percent Depth Dose (PDD) understanding 

Application of PDD 

When the point of dose computation is not zmax   thenPDD is used for MU. 

2.1.7 OAR (Off Axis Ratio) 

The quotient of the dose at a point Q   to a dose at a point P at the same depth along the 

central axis is called as Off Axis Ratio. 

Formula 

                 OAR    =    DQ   /   DP    

 DQ           =      dose at point Q 

 DP            =      dose at point P 
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Figure 2.5 OAR (Off Axis Ratio) 

 

Application of the OAR 

When dose computation at points far away from the central axis is mandatory, then we 

employ Off Axis Ratio for convenience. 

2.1.8 PSF (Peak Scatter Factor) & BSF (Back Scatter Factor) 

The quotient of dose at a point P', a point in air to the dose at point P, located at the depth z 

cm in a phantom while both the points lie at the same distance from the source (SSD + z cm) 

is called as Peak Scatter Factor[190,275,276]. 

Formula:    

   PSF    =    Dp’   /   DP 

 Dp’          =      dose at point p
-
 

  DP     =    dose at point P 
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Figure 2.6 PSF (Peak Scatter Factor) 

 

Figure 2.7 BSF (Back Scatter Factor) 

2.1.9 TAR (Tissue Air Ratio) 

The quotient of dose at isocentre lying in water (P) to the dose at isocentre lying in air (P’) is 

called as Tissue Air Ratio‖. The TAR is employed for SAD (isocentric) techniques. 

Formula 

                TAR      =     DP     /    Dp’ 

 Dp’            =        dose at point p’ in air 

 DP        =    dose at point Pin water 
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Figure  2.8 TAR (Tissue Air Ratio) 

Application of the TAR 

When the point of dose computation lye at the same distance from the source, then TAR is 

used in SAD (isocentric) techniques.  

2.1.10 TPR (Tissue Phantom Ratio) 

The quotient of dose at isocentre lying in water (P) at depth x to the dose at isocentre lying in 

water (P’) at depth y is called as Tissue Phantom Ratio and abbreviated as TPR. 

 

Figure  2.9 TPR (Tissue Phantom Ratio) 
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2.1.11 TMR (Tissue Maximum Ratio) 

The quotient of dose at isocentre lying in water (P) at depth x to the dose at isocentre lying in 

water (P’) at depth Z is called as Tissue Maximum Ratioand abbreviated as 

TMR[190,275,276]. 

 

Figure 2.10 TMR (Tissue Maximum Ratio) 

Application of the TPR and TMR 

Both TPR & TMR are used for the regulation of MUs and treatment time regarding variation 

in dose at depths other than the used reference.  

2.1.12 SAR (Scatter Air Ratio) 

 The difference between two Tissue Air Ratios is known as SAR. 

 The TAR for field size ―A cm‖ and depth ―x cm‖ in water.  

 The TAR for field size ―0 cm‖ and depth ―x cm‖ in water.  



Chapter 2:                        Photon Beam Dose Distribution, Characteristics and Determination  

P a g e  | 50 

 

Figure 2.11 Scatter Air Ratio (SAR) 

Application of the SAR 

The scatter air ratio quantify that how much of the dose at a point along the central axis is due 

to scattered dose from sideways beam parts. 

2.1.13 Monitor Units (MU) Calculations 

A Monitor Unit (MU) is a measure of output of linacs in radiation therapy. 

Linacs are constantly calibrated to provide a definite absorbed dose under particular 

conditions. Generally the output is predetermined in cGy/MU for Linac and in cGy/min for 

cobalt units.  

1 MU = 1 rad (cGy)/ at isocentre for depth of Dmax (5cm) for 10*10 cm field [190,275,276]. 

Patient’s treatment plans are always carried out with either SSD technique or SAD technique. 

Each technique is characterized with a particular  

 dose distribution 

  MU calculation.  

 Dose rate calculation 

  treatment time calculation 
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2.1.14 Calculation of MU for Fixed SSD treatment 

The monitor units are affected by 

 Dose  (in cGy)  

 SSD 

 OF (Output Factor) 

 PDD  

 WF (wedge factor) 

 CF (calibration factor) when MU is not equal to 1 cGy. 

The formula for reckoning of MU for a fixed SSD treatment is given as [190,275,276]. 

MU   =    Dose (in cGy) * SSD   /  CF * (PDD * OF * WF)  

2.1.15 Calculation of MU for Fixed SAD (Isocentric) treatment 

The monitor units are affected by 

 Dose  (in cGy)  

 OF ( Output Factor) 

 TPR   

 WF ( wedge factor) 

 CF (Calibration factor) when 1 MU is not equal to 1 cGy. 

The formula for fixed SAD is 

            MU       =      Dose (in cGy) / CF * (TPR * OF * WF) 

2.1.16 Dose rate calculation 

Formula for the dose rate is 

Diso      =    Dref   *   TMR     when TMR system is used then 

Diso      =    D0   *   Sc *   Sp   *   TMR      

 D0        =     Dmax   dose rate for 10 *10 field 

 Sc        =     Collimator scattering correction factor 

 Sp         =      phantom scattering correction factor 

 Diso      =       dose rate at isocentre (SAD)  

 Dref       =      Reference dose rate 
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 TMR   =    tissue maximum ratio 

2.1.17 Treatment time calculation 

Formula for the treatment time is [190,275,276]. 

Treatment Time   (min)   =    Dose (rad)   /   D0   *   Sc *   Sp   *   TMR (rad/min)  

 D0        =     Dmax   dose rate for 10 *10 field 

 Sc        =     Collimator scattering correction factor 

 Sp         =      phantom scattering correction factor 

 Dref       =      Reference dose rate 

 TMR =    tissue maximum ratio 

2.2  Treatment Delivery Machines 

2.2.1 Cobalt-60 Teletherapy  

Cobalt-60 Teletherapy technology is the medical use of gamma rays from radioisotope cobalt-

60 to treat conditions such as cancer. Commencement in the 1950s, the cobalt-60 was broadly 

employed in external beam radiotherapy machines, which created a beam of gamma rays 

which was aimed to kill malignancies. Cobalt treatment still has a helpful role to play in 

definite applications and is still in extensive use globally. This machine is relatively reliable 

and simple to sustain compared to the modern linear accelerator. 

Dosimetry is a science of dose measurement of any radiation generating equipment and in 

radiotherapy, and it has an essential role in enhancing the confidence level by delivering the 

pinpoint and accurate radiation therapy. The easy conduct of cobalt device gives them the 

advantage of reduced maintenance, running costs and downtime when compared with linear 

accelerators machines. 

Cobalt-60 based radiation therapy has a key role in not only developed countries but also in 

developing countries where radiotherapy is very limited or difficult to access. Cobalt-60 is 

employed as a gamma ray source as it can be produced by bombarding cobalt-59 with 

neutrons. Cobalt-60 decays to Nickel-60 (60Ni28) by the emission of beta particle. The 

activated nickel nucleus emits two gamma ray photons with energies of 1.17 MeV and 1.33 

MeV, resulting in average beam energy of 1.25 MeV and the soft beta radiation is simply 

https://en.wikipedia.org/wiki/Radioisotope
https://en.wikipedia.org/wiki/Cobalt-60
https://en.wikipedia.org/wiki/Cobalt-60
https://en.wikipedia.org/wiki/Cancer
https://en.wikipedia.org/wiki/External_beam_radiotherapy
https://en.wikipedia.org/wiki/Linear_particle_accelerator#Medical_linacs
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filtered out by approximately 0.16 mm of steel sheet. The energy of these gamma radiations is 

used in radiotherapy to treat malignant tissues [251-259]. 

2.2.2 Varian’sClinac2100C/D 

Varian’s Clinac 2100C/D linear accelerators (Varian Medical Systems) and Sidemen’s Primus 

Linear accelerators were employed for examination of radiation dose delivery and treatment 

plans implementations at SKMCH & RC Lahore Pakistan. The linac is a machine that uses 

high frequency Electromagnetic waves to accelerate charged particles such as electrons to 

High energies through a linear tube and produces high energy X-ray radiations. The high 

energy electron beam can be exercised for treating superficial tumors and strike a target to 

produce x-rays for treating deep seated tumors in cancer patient. The linac accelerates 

electrons along electromagnetic waves with a frequency 3000 Hz. There are three built in 

principal IMRT techniques such as step and shoot, sliding window and dynamic conformal. 

This machine is equipped with 3DTPS ―Eclipse‖ which facilitates desired and accurate best 

treatment plans [274]. 

2.2.3 Siemens’PrimusMachine 

The Siemen’s Primus machine is an additional available treatment machine. This machine is 

used in many hospitals due to numerous salient features. The Primus is not provided with 

dynamic wedge capability and MLC’s like Varian’s clinic Linac. It has the ability to deliver 

single photon energy [277]. 

2.3 Beam Modification Devices 

 A method, helpful for the preferred adjustment in radiation therapy dose distribution, is 

attained by the introduction of definite material in the beam path is called modification. 

External beam radiotherapy is used to treat malignancies and so accomplished through 

computerized radiotherapy treatment planning systems (RTPS). RTPS is utilized to create a 

preferred beam shapes and optimized dose distribution to get utmost tumor coverage and 

minimum normal surrounding tissue dose. 

The treatment planning software’s for photon and electron beams must facilitates some beam 

modifying devices. There are two major types of modifying devices; Photon and Electron 

beam modifiers. 
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2.3.1 Photon Beam Modifiers 

Photon beam modifiers which are usually employed are; 

2.3.1.1 Collimators Jaws 

These are employed to block a certain part of field without disturbing isocentre position. 

These jaws can move in pairs/independently and generally positioned as upper and lower 

jaws. Jaws are used for field shaping and blocking of part of field [189,190,275,276]. 

2.3.1.2 Shielding blocks 

These shields are used for OAR protection, normal surrounding tissues irradiation protection 

and finding of matching adjacent fields. 

2.3.1.3 Custom blocks 

These are created in Moulding Room by a material known as cerrobend (Melting point 70°C, 

density 9.4 g/cm3, thickness 7.5 cm) [189,190,275,276]. 

 Positive block: These Blocks are designed to block the central area. 

 Negative block: These blocks are designed to block the peripheral area. 

2.3.1.4 Multileaf collimators (MLCs) 

 A device that produces field of any shape during treatment is known as MLC.  

 It has replaced conventional blocks.  

 These can be employed as dynamic wedge. 

 MLCs can move independent from each other. 

 Multiple collimator leaves form MLCs.  

 MLCs are made up of Tungsten Alloy. 

 These have leave width of the order of 0.5-1.0 cm.  

 Beam intensity modulation and reshaping is executed in IMRT setup. 

 It is a time saving tool. 

 MLCs are generally provided with density 17-18.5 g/cm3. 
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Figure 2.12 Multileaf Collimators 

2.3.1.5 Wedges; Physical Wedges (PW) and Enhanced Dynamic wedges (EDW) 

A modifying tool that results in a progressive decrease in beam intensity across the beam 

which creates tilting in Isodose curves from their normal positions [189,190,275, 

276,278,279].  

 The angle through which the Isodose curve is tilted with respect to the central ray of 

the beam at certain depth is called wedge angle.  

 It is made up of materials such as brass/tungsten/Lead/Steel. 

 Isodose curve’s tilt degree depends upon wedge slope. 

 Commonly these are mounted at a distance of 15 cm from skin. 

 These are mounted on a tray in Gantry head.  

 The two wedge dimensions ―X‖ and ―Y‖ (width and length) are significant.  

  Wedges should be aligned such that the beam’s central axis is at the wedge central 

axis. 

 Wedge Transmission Factor (WTF) is defined as the ratio of Dose with the wedge and 

Dose without the wedge along the central axis of the beam is called wedge 

transmission factor and is inserted as it decreases the machine output.  

 There are two main wedge types. 

Different modulating tools and treatment techniques have been recommended to lessen this 

dose and to defend normal surrounding tissues. Resultantly tumor localization, desired dose 

optimization and dose homogeneity are achieved. The Wedge filter technique is commonly 

used for this purpose. Wedge is an absorbing material prepared by steel/lead, and it can title 

http://www.google.com.pk/imgres?imgurl=http://www.varian.com/media/oncology/products/clinac/images/mlc1.jpg&imgrefurl=http://www.varian.com/us/oncology/radiation_oncology/trilogy/millennium_mlc.html&usg=__StWJNJc2mgKSrddiu0BZlSonDL0=&h=339&w=432&sz=35&hl=en&start=1&zoom=1&tbnid=pxEsmfBs6PmSHM:&tbnh=99&tbnw=126&ei=zOL6TrebF8HNhAefiZi7AQ&prev=/search?q=mlc+in+radiotherapy&hl=en&sa=X&gbv=2&tbm=isch&prmd=ivns&itbs=1
http://www.google.com.pk/imgres?imgurl=http://www.varian.com/media/oncology/products/clinac/images/mlc1.jpg&imgrefurl=http://www.varian.com/us/oncology/radiation_oncology/trilogy/millennium_mlc.html&usg=__StWJNJc2mgKSrddiu0BZlSonDL0=&h=339&w=432&sz=35&hl=en&start=1&zoom=1&tbnid=pxEsmfBs6PmSHM:&tbnh=99&tbnw=126&ei=zOL6TrebF8HNhAefiZi7AQ&prev=/search?q=mlc+in+radiotherapy&hl=en&sa=X&gbv=2&tbm=isch&prmd=ivns&itbs=1
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the Isodose curves to get desired dose distributions. Physical wedges (PW) have constantly 

been used in radiation therapy to compensate the patient contours/tumor shape. Later on, the 

Enhanced Dynamic wedges replaced the physical wedges quite effectively and successfully. 

PW is a static wedge, manually inserted into the beam path at linac output. PW is an 

absorbing block made by metallic materials and therefore it gives more scattering photons 

when primary photon beams interact with materials. It is available in four wedge angles 

(15
0
,30

0
,45

0
 and 60

0
) and four orientations (In, Out, Right and Left). EDW perform by 

achieving wedged‐shaped dose distributions by computer controlled movement of one of the 

collimator jaws assigned to Y1 and Y2. EDW is provided with seven wedge angles (10
0
, 15

0
, 

20
0
, 25

0
, 30

0
, 45

0
, and 60

0
) and two orientations Y1 and Y2. It delivered less scattered dose 

compared to PW due to absence of scattering which results from the interactions of primary 

incident photons with PW metallic materials. Normally different treatment techniques were 

employed in treating breast cancer such as Tangential field techniques with SSD, SAD, Half 

Beam (HB) with Custom Blocks, HB using asymmetric collimator jaws, isocentric techniques 

with JCRT and recorded different results. In this study, Tangential field Techniques with Half 

Beam ( Full Beam symmetric field for breast case) using Asymmetric collimator Jaws by 

employing PWs both on Varian’s Clinac, Siemens Primus Machines and EDW on Varian’s 

Clinac Machine were exercised under isocentric treatment arrangement. 

2.3.1.6 Compensators 

 A device that compensates the missing tissue to produce acceptable uniform dose is 

known as compensator [189,190,275,276].  

 It is employed to compensate irregular surfaces.  

 It is practiced for dose irregularities. 

  It is used for tissue heterogeneity. 

 It regulates the skin sparing effect.  

 The three different compensator’s (2D & 3D) designed are Magnetic digitizer, CT- 

based systems and Moiré’s camera. 

2.3.1.7 Flattening filters 

 A device prepared by brass/copper which is talented to reduce the beam’s central 

exposure as compared to peripheral exposure [189,190,275,276]. 
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  The thickest part should be placed in the centre. 

 The beam flatness should be specified at 10 cm.  

 Flatness extent must be at 3%.  
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CHAPTER 3 

3 LITERATURE REVIEW 

To fight an important battle, you want to have the most advanced technology and best trained 

professionals. The task group (TG) report on conformal radiotherapy treatment technique 

(IMRT) suggested [280] that delivered dose must be within 5% of prescribed dose in high 

dose and low gradient areas and within 7% in low dose and low gradient areas. It is strictly 

emphasized that 90% of delivered dose points should agree within 3% and 3 mm with the 

predictable dose points. Radiation dose validation can distinguish delivery errors caused by 

shift failure of the treatment plans between the planning system and the delivery system. This 

disappointment might cause by human and system errors. 

The creation of present technologies particularly in computer has made great advancement in 

radiation therapy techniques for the treatment of malignant tumors and in fine-tuned radiation 

beams so that the delivered radiation beam should match the shape and position of a patient’s 

tumor. But the precise and pin point accuracy of modern radiation treatments would be 

insignificant if the radiation beams were not intended to target area. The pivotal intention in 

three dimensional dose distributions should take to optimize the radiotherapy treatment and to 

improve the accuracy and quality of treatment. The calculation of dose distribution in terms of 

prescribed dose and delivered dose in target volumes and OARs is the main concern of the 

researchers globally. 

3.1 Brain Gliomas CT-MRI Image Fusion for Accurate Delineation of 

Gross Tumor Volume in Three Dimensional Conformal Radiation 

Therapy 

Medical imaging techniques in the past decades became crucial for medical diagnosis or 

analyses. Techniques such as X-rays, CT, MRI, and PET enabled different approaches and 

insights of human body, important for analysis and diagnosis. CT scans methodology provide 

high resolution information on bony structures while MRI technology offer detailed 

information on tissue types within the body [281-283].  
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In recent years, EXBRT technologies such as IMRT and 3DCRT have been employed in 

many institutions. Accurate determination of target volumes is the most vital and difficult part 

of radiotherapy (RT) planning process [284].  

The most fitting sources of detailed 3D anatomic information for treatment planning are the 

CT and MRI devices [285]. In CT, the data set of target structures and OARs were provided 

but there was a lack of tissue discrimination. MRI showed good tissue informations but the 

use of MRI in radiotherapy was limited in many centers. 

A powerful technique used in medical imaging analysis is medical image fusion, where 

streams of information from medical images of different modalities are combined into a single 

fused image. The usefulness of medical image fusion can be described by the fused image of 

an axial slice through the head using MRI scan and a CT scan [286].  

Fusion of CT and MRI images assists in treatment planning for radiotherapy by enabling 

accurate target volume Localization. The challenge in such a fusion is to retain the bone tissue 

present in the CT image and the soft tissue present in the MRI image. 

It becomes a confront to the image processing community to extract the important details 

from each image and form a new fused image. This helps in better diagnosis, monitoring and 

analysis. MRI data captures the details of the soft tissues and CT provides details of dense 

structures. A survey on medical image fusion is presented by. According to this survey, 

medical image fusion is characterized by Image Fusion Method, Modality used for imaging 

and the Imaging of organs under study. 

MRI plays an important role in non-invasive diagnosis of brain tumors and is one of the most 

widely used imaging modalities in medical studies in trusted clinical settings. Previous work 

[205, 207, 287-298] reports the successful fusion of MR images with different types of 

modalities. The image fusion methods are broadly useful for brain diagnosis and treatment the 

fusion techniques have been established to illustrate improved imaging and diagnostic 

performances. There are several clinical visualization applications such as 3DCRT [207,302] 

that employ fusion techniques. 

The MR images along with other modalities when used together with modern image fusion 

techniques have shown to improve the imaging accuracy, and practical clinical applicability. 
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There exists several studies that attempt to combine the MRI with other modalities using 

image fusion methods, some examples of this are the following: MRI-CT [207, 299-301]. The 

most important arrangement is the MRI-CT studies mostly because of the maturity in the 

technology and practical usability in clinical settings. 

3.2 Radiation Absorbed Dose for Cobalt-60 Gamma Source in Phantoms 

for Different Materials 

Cobalt-60 Teletherapy is the medical use of gamma rays from the radioisotope cobalt-60 to 

treat conditions such as malignancies. Commencement in the 1950s, cobalt-60 was broadly 

used in external beam radiotherapy machines which produced a beam of gamma photon rays 

which was aimed at the patient's body to destroy tumor tissues. Cobalt-60 Teletherapy is the 

medical use of gamma rays from the radioisotope cobalt-60 to treat malignancies. Beginning 

in the 1950s cobalt-60 was widely used in EBRT machines, which produced a beam of 

gamma rays which was directed into the patient's body to kill tumor tissue. Cobalt treatment 

still has a useful role to play in certain applications and is still in widespread use worldwide, 

since the machinery is relatively reliable and simple to maintain compared to the 

modern linear accelerator. 

To shield against unjustified exposure to radiation, it is required to resolve the radiation dose 

for definite body organs and tissues [255] by executing International Atomic Energy Agency 

(IAEA) protocols [256, 257]. Accurate and precise radiation dose measurements are important 

during the radiotherapeutic treatment, and the overall dose delivery error should not exceed 

5%, as recommended by the ICRU [258] and NACO [259]. Therefore, this study was 

conducted to validate the doses of 60Co Teletherapy units in a water phantom. 

Co-60 based radiation therapy continues to play a significant role in not only developed 

countries but also in developing countries where access to radiation therapy is very limited. 

The easy handling of cobalt units gives them the advantage of reduced maintenance, running 

costs and downtime when compared with linacs. As Co-60 decays, this decrease in activity 

requires periodic replacement of the sources used and is one of the reasons why cobalt 

machines have been partly replaced by linear accelerators in modern radiation therapy [251-

254]. But Co-60 based Teletherapy machines are still in widespread use worldwide since they 

are reliable and simple to maintain compared to modern linear accelerators. 

https://en.wikipedia.org/wiki/Gamma_ray
https://en.wikipedia.org/wiki/Radioisotope
https://en.wikipedia.org/wiki/Cobalt-60
https://en.wikipedia.org/wiki/External_beam_radiotherapy
https://en.wikipedia.org/wiki/Gamma_ray
https://en.wikipedia.org/wiki/Radioisotope
https://en.wikipedia.org/wiki/Cobalt-60
https://en.wikipedia.org/wiki/Linear_particle_accelerator#Medical_linacs
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A water phantom always used to collect radiation beam data sets. The water phantom 

facilitates the ion chamber to image through the radiation field. A dosimeter tool is employed 

to measure radiation dose and dose rate in radiotherapy practices. 

The central axis (CA) data sets can be collected and determination of the absorbed dose to 

water under definite reference conditions can be acquired. This all acquired data is justified by 

a team of professional and skilled medical physicists and then entered to the RTPS. All 

international recognized organizations such as AAPM and IAEA recommend water as a 

reference medium for radiation dose measurements. 

In order to obtain precise and accurate results, the clinical experimental conditions should be 

equivalent to the standard reference conditions employed in the standard laboratory. The 

failure in these equivalent standard measurement conditions may influence the response of the 

dosimeter and then it is essential to differentiate between these experimental conditions. So a 

correction factor KPT can be applied to the temperature and pressure to change the cavity air 

mass to standard conditions. This correction should be applied by an equation 

KPT = (273.5+T) / (273.5+T0) x Po /P 

Where To is standard temperature (To = 22°C) and Po is standard pressure which is 101.33 

kPa (kilo Pascal, 1 standard atmosphere = 760 mm of Hg = 101.33 kPa), T is temperature of 

water inside an ion chamber, taken as the temperature of the surrounding water and P, local 

air pressure, is the pressure inside the ion chamber. Standard environmental conditions are 

different in different sites, so the corresponding changes in the expression (KPT = P0 

(273.5+T) / p (273.5+T0) are necessary. 

If the calibration factor was referred to a relative humidity of 50% and is employed in a 

relative humidity between 20 % and 80 %, then no corrections for humidity are needed. If the 

calibration factor is referred to dry air, a correction factor must be applied and the calibration 

factor for Co-60 is Kh = 0.997 [263]. 

Secondly, this thesis contains dose distribution in the phantoms as current practices in 

radiation therapy required high doses of radiation to be delivered with increased accuracy. 

The present work was performed to compare the various aspects of the cobalt-60 radiation 

beam therapy with fixed source-surface distance in conjunction with the three dimensional 
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conformal treatment technique till an optimum conformal dose distribution is achieved. 

Radiation doses were calculated in a solid phantom as well as in water phantom at different 

square field sizes and depths. The role of humidity, temperature and pressure is also 

discussed. 

3.3 Optimum Reckoning of Contralateral Breast Dose using Physical 

Wedge and Enhanced Dynamic Wedge in Radiotherapy Treatment 

Planning System. 

Contralateral breast (second breast) receives scattered and leakage dose from collimators and 

other mediums there during primary breast radiation therapy treatment. This dose to 

contralateral breast is the main concern for doctors, as this can direct to the growth of second 

breast malignancy. Naturally breast is extremely radiosensitive tissue and therefore must be 

dealt as OAR. So, special modulating devices and treatment methodology have been devised 

to decrease this unwanted radiation dose and to shield nearby healthy structures. The Wedge 

filter technique is commonly used for this purpose. We intended to evaluate the effect of PW 

and EDW on contralateral breast dose during primary breast irradiation using radiotherapy 

treatment planning system. Wedge is an absorbing material prepared by steel or lead and it 

can tilt the Isodose curves to attain preferred radiation dose distributions. Physical wedges 

(PW) have constantly been exercised in radiation therapy to pay compensation the patient 

contours and tumor shape. The EDW replaced the physical wedges reasonably and 

effectively. Normally different treatment methodologies were practiced in treating breast 

cancer such as Tangential field techniques with SSD, SAD, Half Beam (HB) with Custom 

Blocks, HB using asymmetric collimator jaws, isocentric techniques with JCRT and filed 

different outcomes. Previous studies have looked at contralateral breast doses. Kelly C et al. 

measure the CBD by comparing four primary breast irradiation techniques and advocates for 

EDW compared to PW. Bhatnagar et al. also recommended the EDW compared to PW. 

Tarcilla O, K F, L‐Tsao L also favors the EDW employment in their research data. Tarcilla O 

et al. evaluated the opposite breast dose and concluded that the medial wedge is the main 

contributor to CBD [303-323]. 

In this project, Tangential field Techniques with Half Beam ( Full Beam symmetric field for 

breast case) using Asymmetric collimator Jaws by using PWs both on Varian’s Clinac, 
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Siemens Primus Machines and EDW on Varian’s Clinac Machine were exercised under 

isocentric treatment arrangement. Two categories of patients (breast as well as chest wall) 

under the age of fifty were analyzed. Wedged shape dose distributions were optimized by 

means of 15
o
 wedge (medial and lateral) and without medial in case of breast patients and 30

o
 

wedge (medial and lateral) and without medial wedge for chest wall patients. 

We have planned to determine the effect of PW and EDW on contralateral breast dose during 

primary breast irradiations with radiotherapy TPS. Therefore PW and EDW were compared 

regarding contralateral breast dose contributions. Medial and non-medial tangential beams 

were also evaluated for both wedges. The Eclipse 3DTPS was employed to quantify 

contralateral breast dose for the validation of three dimensional conformal radiation doses 

during primary breast irradiation. Major concern was to assess the wedge effect and dose 

validation in conformal radiation therapy.  
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CHAPTER 4 

4 MATERIALS AND METHODS 

3D conformal radiation therapy technique offers oncologists to sculpt radiation beams to the 

tumors shape. This is normally applied on tumors with uneven shapes or lay close to healthy 

structures. This radiation technology permits professionals to examine a tumor in three 

dimensions. The equipment is then employed to offer radiation beams from a number of 

directions to the tumor by using these images. This thesis was divided into three parts to 

validate the 3D conformal radiation dose distributions. 

4.1 Fusion for Dose Validation 

The first part of the thesis contains Image registration and fusion algorithms exist in almost 

every software system based on images in radiotherapy. The TPS facilitates image registration 

and fusion for multimodality and even anatomical informations to assist in target volume and 

normal tissue delineation. Advanced applications offer dose assessment capability using 

image registration and fusion to propagate contours and to estimate anatomical changes and 

delivered dose.  

Contour is a cross sectional sketch of the patient’s external surface. Contouring is essential for 

outlining the PTV and helps in dose limitation to OARs. Basically Patient contouring is 

categorized into two types; manual contouring (Plaster of Paris strips, contouring tubes, 

contouring wires, flexible curve etc) and Image based contouring. Image based contouring is 

used for 3D treatment planning. Inaccurate and incorrect contouring may result in difficulties 

with plan optimization for planning Multileaf collimator appointment in forward planned 

techniques. Contouring the right OARs is essential for treatment planning, particularly in the 

modern modulated techniques. Images acquired by CT/MRI/PET are used for contouring the 

patient anatomical landmarks, Target volumes and OAR. Image based contouring is much 

more accurate than manual contouring system.  

In this part of thesis, twenty two patients with established stage III/IV Gliomas were chosen in 

this project for assessment. The entire patients were immobilized with thermoplastic face 

mask and the total work is carried out for contrast CT and MRI at Department of Radiation 

Oncology at SKMCH & RC Lahore Pakistan. CT scans of the patients were obtained with 
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patients immobilized on the flat couch of CT scanner (Toshiba, Tsx-021B, JAPAN) with a 

FOV 720 mm and matrix size of 512 x 512. The total images were taken from vertex to the 2 

cm below the cervical spine. Axial images were recreated to 5 mm and were shifted to RTPS 

Eclipse, version 6.5 (Varian Medical System).  

 

Figure 4.1 Toshiba, CT Scan, JAPAN 

MRI scans were taken on the 1.5 Tesla (GE medical system, USA) with standard head coil. 

Axial images were obtained with field of view 480 mm and matrix size 512 x 512. Axial MRI 

images were recreated to 5 mm and were transferred to the TPS Eclipse. 
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Figure 4.2 MRI GE Medical Systems, USA 

The CT and MRI images both T1/T2 weighted were imported to TPS through DICOM for 

registration purposes. There are four methods for registration of images in Eclipse treatment 

planning system named as point matching, DICOM coordinates, image pixel data (automatic 

registration) and manual registration tools.  

Registration methodology of match points is employed for this study. Four match points are 

necessary to register two images. System needs a sound distance between the planes of the 

match points and position of match points must be same for both image sets. Mean 

registration error while matching the points was 0.04 mm. Registration process was rechecked 

by considering the anatomical matched markers on fused image by employing the option of 

view blended image.  
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Figure 4.3 Axial cuts of contrast enhanced CT images registered with MRI images. 

The Target volumes and OARs were delineated by doctors as recommended by ICRU report 

50[241]. Postoperative planning CT and pre MRI images were employed for target volume 

delineation. During the marking of GTV visualization observed as three dimensionally like 

sagital, coronal and axial cuts of the image to attain high precision. For each patient the GTV 

was marked on CT as well as on CT-MRI images (fused image) independently on TPS. Since 

all the chosen patients had passed through surgery which includes biopsy and resection of 

residual mass, GTV and pri-tumoral edema were expected effectively on each image modality 

[242-250].  

4.2 Measurements of Dose Validation in Phantoms 

The other part of thesis contains the dose measurements in phantoms. This study was 

conducted at the Department of Radiation Physics of MD Anderson Cancer Centre, 

University of Texas, Houston, United States.  

4.2.1 Cobalt-60 Unit 

The project methodology targeted the assessment of radiation dose of Co-60 Teletherapy by 

employing SSD technique. The generally, the sources of radiation are cobalt-60, a radioactive 

element emitting γ-rays or linac delivering a beam of electrons. Small nickel-plated slugs of 

the radioactive metal are loaded into a sealed alloy cylinder typically 10 × 450 mm and 

doubly encapsulated in a corrosion-resistant steel pencil [251-255]. An array of such pencils 

is built into a rack typically 1–2 m
2
. Cobalt-60 decays constantly and its half-life is 5.26 years. 
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Typically 10% of the cobalt-60 is replenished as per year. Radiation beam is created only 

when the machine is switched on. The source strength can be changed within limits by 

varying current/voltage. 

 

Figure 4.4 Co-60 Teletherapy Unit 

For this part of thesis, the cobalt-60 phoenix Teletherapy beams with 70 cm SSD incident 

normally was employed. The solid phantom used had the following specifications: chemical 

composition was epoxy resin-based mixture, density 1.6 (g/cm
3
) and the number of electron 

was 3.24 × 1023. The other phantom was water which is recommended in the IAEA codes of 

practice (TRS-277 & 381) as the reference medium for calculation of absorbed dose for both 

photon and electron beams.
 
Water phantom used in this work had the following properties: the 

chemical composition was H2O, density was 1.00(g/cm
3
) and the number of electrons was the 

same as in solid water phantom. The field sizes and depths used in this work were 6 x 6, 8 x 8, 

10 x 10, 12 x 12, 14 x 14, 16 x 16, 18 x 18, 20 x 20 and 0.5 cm, 5 cm and 10 cm respectively. 
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4.2.2 Ionization Chamber 

The ionization chamber employed in this project has the simplest of all gas-filled radiation 

detectors. IC is employed to gather all the charges produced by direct ionization.  It is broadly 

used for the detection and calculation of certain types of ionizing radiation such as X- rays, 

gamma rays and beta particles [264]. It only uses the discrete charges created by each 

interaction between the incident radiation and the gas. 

4.2.3 Process of Ion Chamber 

Ion-pairs were produced when given gas between electrodes was ionized by 

incident radiation. The electrons travel to the electrodes of the opposite polarity due to the 

electric field. This process produces an ionization current measured by an electrometer 

device. 

 

Figure 4.5 Visualization of ion chamber operation 

4.2.4 Water Phantom 

Water is freely available and close alternate for soft tissues and muscles. Therefore water can 

be used for phantom material. These phantoms being a homogenous and water equivalent are 

very helpful for absolute dosimetry. The water phantom made of a transparent plastic tub 

(about 60 cm in all dimensions) filled with water. A waterproof IC can be positioned in the 

phantom. These phantoms also offer complexity with electrical circuits which must be 

waterproofed [264]. 

.                                                
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4.2.5 Construction of Water Phantom  

Water is used as tissue equivalent material. It is specially designed to hold radiographic/ 

radiochromic film and ionization chambers in preferred position. The phantom made of 

container with particular dimensions gives the possibility to simulate a human chest/abdomen. 

The container can be filled with water. The IC can be positioned along to the rotation axis of 

the accelerator gantry within a 20 cm diameter cylinder. 

 

Figure 4.6 Structure of water phantom 

4.2.6 Solid Water Phantom 

The solid water has characteristics very close volumetrically to those of water. When it is 

employed as a dosimetry phantom for x-ray and gamma-ray beams in the radiotherapy range, 

phantom to water corrections and density corrections are eliminated. The absorbed dose to 

water for high energy photons and electrons is recommended as the standards and reference 

absorbed dose by AAPM Report no.51, IAEA Technical Reports no.398 (TRS-398) and 

JSMP Standard Dosimetry for Radiotherapy (JSMP01) to lessen the uncertainty.  In these 

recommendations, water is defined as the reference medium and offer calibrations within 1% 
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of the true dose. Solids phantoms can be employed for both photon and electron beam 

calibrations [264]. 

 

 

Figure 4.7  Solid water phantom 

 

ICs readings obtained in Solid Water are nearly the same as those in liquid water for the same 

depth. Majority employed ICs are 30 x 30 cm slabs. Solid Water is accessible in different 

thicknesses in 20 x 20 cm and 40 x 40 cm sizes. Dosimetric protocols recommend the use of 

water as the phantom for dose calculations. 

The reading of cylindrical ionization chamber N30001 (PTW Freiburg, Germany) was 

corrected to standard environment conditions of temperature and pressure for which ion 

chamber calibration factors were applied. KPT was the correction computed from the 

expression KPT = (273.5+T)/(273.5+T0) x Po / P where To is standard temperature (To = 

22°C) and Po is standard pressure which is 101.33 kPa (kilo Pascal, 1 standard atmosphere = 

760 mm of Hg = 101.33 kPa), T is temperature of water inside an IC, taken as the temperature 

of the surrounding water and P is local air pressure ( pressure inside the IC). Standard 

environmental conditions are different in different sites and therefore related changes in the 

expression (KPT = P0 (273.5+T)/p (273.5+T0) are essential [263].  
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NDW is the absorbed dose to water calibration coefficient factor for an ionization chamber 

defined as "the quotient of the absorbed dose to water rate delivered to the chamber and the 

ionization current created by radiation in the ionization chamber" and determined for a given 

ion chamber by the following formula: NDW = D/I, where D is the rate of absorbed dose to 

water and I is the ionization current. The unit of this calibration coefficient is Gy/C. NDW 

always corresponds to the calibration factor in terms of absorbed dose to water in a Co-60 

beam. The voltage adjusted for the dosimeter was 400 volts. 

4.3 Planning and Executions of Treatment Validation in Conformal 

Radiotherapy 

The third part of thesis contains planning and treatment validation for conformal radiotherapy. 

EBRT is being employed frequently to treat the breast malignancy postoperatively. The 

contribution of the collimator leakage and scatter radiation dose to contralateral breast is of 

concern because of high radio sensitivity of breast tissue for carcinogenesis. This becomes 

more important when the age of breast cancer breast patient is younger than 45 years and 

therefore the contralateral breast must be treated as OAR. Quantification of contralateral dose 

during primary breast irradiation is useful to approximate the risk of radiation induced 

secondary breast malignancy. 

Breast is typically made up of Lobules, Lobes, ducts, Lymphatic nodes & is highly 

radiosensitive tissue [265-269]. Tangential field Techniques with Half Beam (Full Beam 

symmetric field) using Asymmetric collimator Jaws by employing PWs both on Varian’s 

Clinac 2100 C/D (Varian Medical systems, Inc. Alto, CA), Siemens Primus (Siemens Medical 

Solutions, Concord, CA) [277] and EDW on Varian’s Clinac Machine were exercised under 

isocentric treatment setup. 

4.3.1 Linear Accelerator 

In this part of thesis linear particle accelerator (linac) was used to provide initial energy to the 

particles before they are released into circular accelerators. The commissioned data in the 

treatment planning of this linear accelerator was used. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/radiation-dose
https://www.sciencedirect.com/topics/materials-science/irradiation
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Figure 4.8  Linear Accelerator 

4.3.2 Principle of Linear Accelerator 

The principle of linear accelerator is same as the computer monitor. The electron Gun 

produces electrons which strike the screen. The screen of linear accelerator consists of 

phosphors. The phosphors absorb the electrons and produce light.  

4.3.3 The Beam Passes into the Patient’sBody 

Electron beam is employed to treat malignancies within patients. The beam extends and 

reaches at directed position for irradiations through linear accelerator.  

 

Figure 4.9 Operation of linear accelerator in cancer radiotherapy 
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4.3.4 Disadvantages of Electron Beam 

The electron beam produces several troubles such as electron spreads rapidly in tissue and 

cannot reach deep seated tissues. The simulation of an electron beam moves from air to 

human tissue. The electron beam spreads quickly and does not penetrate. 

 

Figure 4.10 The simulation of electron beam 

4.3.5 Electron Beam is Replaced by Photon Beam 

Linacs and many other machines employed X-ray photons for treatment of cancer and tumor 

in replacement of electron beams. The X-ray photons deeply approach to the harmful tissues 

without damaging OARs. For this purpose, metal foil is positioned in the path of electron 

beam. Metal foil transfers the electron beam into an X-ray photon beam.  

4.3.6 Uses of Linear Accelerator 

Linear accelerators are also widely used in medicine, for radiotherapy and radio surgery. 

Medical grade linacs accelerate electrons and a complex bending magnet arrangement which 

produces a beam of 6-30 MeV energy. It produces reliable, flexible and accurate radiation 

beam and it has replaced the older use of Cobalt-60 for the treatment task [274].   

Absolute dose measurements were performed with a cylindrical ionization chamber N30001 

(PTW Freiburg, Germany). In our clinic, the calibrated output is adjusted to be 1 cGy = 1MU 

to water with a field size of 10 × 10 cm and source to surface distance (SSD) of 100 cm with 

the detector at the depth of the maximum dose according to TG-51 protocol. 
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Wedged- shape dose distributions were optimized by using 15
o
 wedge (medial and lateral and 

without medial in case of breast patients and 30
o
 wedge (medial and lateral) and without 

medial wedge in case of chest wall patients Sixty five patients (breast as well as chest wall) 

under the age of fifty were taken for examination. 3D Eclipse treatment planning (Varian 

Medical systems, Inc. Palo Alto, CA V 8.9.17) was used to measure contra lateral breast dose 

for symmetric and asymmetric fields.  

 

Figure 4.11 Treatment Methods: figure 1 (a) Full Beam Technique (Symmetric field) for 

breast patients. (b) Half Beam Technique (Asymmetric Collimator Jaw) for chest wall 

patients. 

 

Figure 4.12 Tangential Field Techniques: Figure 2 (a) Lateral Tangential Beam. (b) 

Medial Tangential Beam. 

PWs and EDWs on Siemens’ Primus Machines and Varian’s Machines respectively were 

employed as modifying tool. Photon beams of preferred energy 6 MV and 15 MV produced 

by Varian linear accelerator and Siemens were used in treating primary breast malignancy.  
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Figure 4.13 Schematic representations of the wedges during breast treatment 

 

During this study, we were focused on the following parameters: 

 Physical wedge vs. Enhanced dynamic wedge on Varian’s Clinac [C] machine. 

 Medial EDW vs. without Medial EDW on Varian’s Clinac machine. 

 Physical wedge (Clinac) vs.  Physical wedge (Primus)   

 Medial PW vs. without Medial PW on Siemen’s Primus machine. 

Fig 3.13 show the Schematic representation of wedges in the treatment planning 

during this study. 
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CHAPTER 5 

5 RESULTS AND DISCUSSION 

5.1 Fusion Results of Conformal Radiotherapy 

This part of thesis contains image registration and fusion that has the potential to improve the 

planning, delivery, and assessment of radiotherapy. Axial cuts of CT and MRI images 

illustrate the clear difference in anatomically and physically obtained from each image 

modality. This difference is because of different mechanism is used in both modalities. Since 

T1/T2 weighted MRI images and enhanced contrast CT images are used for fusion purposes 

for the better delineation of Gross Tumor Volume. If we talk about the treatment planning, it 

can be divided into two phases. For phase-I T2-weighted MRI images can be used, as we can 

see the edema clearly to mark clinical tumor volume CTV and for boost or phase-II T1-

weighted MRI images are used as we concern about the GTV delineation.  

Target volume was separately marked on CECT and CT-MRI fused images by the single 

radiation oncologist and all the target volumes were comparatively larger on the CT-MRI 

fused images. Mean volume delineated on CT-MRI image is (Mean  SD: 112.67 74.73cc) 

and delineated volume is 102.15 64.68cc on CT images alone as shown in Table 1.  

 

Figure 5.1 Scatter plot for gross tumor volume (GTV), Delineated on contrast-enhanced 

CT and MRI images. 
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Mean Difference observed for GTV is 10.52 10.05cc .Percentage difference calculated 

taking the CT-MRI fused images volume as reference [CT-MRI fused volume – CT volume / 

CT-MRI fused volume x 100 ] and mean percentage volume difference is 8.56 %, (SD:

3.80) as shown in Figure 4.1.  

 

Figure 5.2 Histogram distribution of patients and percentage difference of volumes 

(GTV), Delineated on Contrast-enhanced CT and MRI images 

Gliomas which include astrocytoma and oligodendroglioma are the most occurring brain 

tumors which are mostly seen in adults. Gliomas are slowly growing in low grades and 

rapidly growing in high grades. As long CT images for tumor marking were used alone in 

radiotherapy, this almost leads to whole brain radiation. Since many clinical trials refers to the 

postoperative radiotherapy in such patients. Instead of CT, MRI provides helpful information 

for diagnosis at earlier stage because of good image quality. Especially contrast enhancement 

in imaging is useful in identifying the isodense lesion from the surrounding normal 

parenchyma with an area of edema. Malignant Gliomas show less intensity on T1 weighted 

images and have high intensity on T2 weighted images. Delineation of target volumes is 

discussed in number of studies by inter-observer and intra-observer variability. So this study 

did not emphasize on the observer variability but rather on the importance of target volume 

difference when two different image modalities have been used.  
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Registration of images of CT and MRI has been done with match point method/algorithm and 

it is investigated by many authors, reporting in case of brain, accuracy within few millimeters. 

So, in this study registration of 22 patients have been done which confirms previous data. The 

GTV’s drawn (outlined) in present study on both enhanced contrast CT images and CT-MRI 

fused images by the experienced radiation oncologist .In all the patients GTV was 

comparatively larger on CT-MRI fused images as compared to CT images alone and this 

difference was a little large for high grade Gliomas. Observed difference in volumes really 

play a key role to control the under dosage of target volume as well as to control the high dose 

of critical organs in treatment planning for radiotherapy. Planned dose for these patients is 

60Gy which is splited in two phases.  

Table 5.1 Mean difference in postoperative gross tumor volumes as outlined on contrast 

enhanced CT and CT/MRI fused images. Data presented as mean  standard deviation. 

 CT 

Volume (cc) 

CT-MRI Fused 

Volume (cc) 

Difference (cc) Percentage 

Difference (cc) 

Volume 102.15 64.88 112.67 74.73 10.52 10.05 8.56 3.80 

High Grade 127.22 29.22 139.08 37.39 11.85 8.17 8.39 4.04 

Low Grade 72.93 23.35 77.36 24.8 4.43 1.44 5.88 0.02 

 

In phase-I 50Gy to PTV followed by a boost of 10 Gy to the postoperative residual GTV. 

Target volume marked in this study for 22 patients, Mean volume delineated on CT-MRI 

fused image is (Mean  SD: 112.67 74.73 cc) and delineated volume is 102.15 64.68cc on 

CT images alone. Mean Difference observed for GTV is 9.87 10.09cc .Percentage 

difference calculated taking the CT-MRI fused images volume as reference [CT-MRI fused 

volume – CT volume / CT-MRI fused volume x 100 ] and mean percentage volume difference 

is 8.56%, (SD:3.80) as shown in Figure 4. 2.  

5.2 Dose Measurements in Conformal Radiotherapy 

Dose measurements is the major part in radiotherapy for conformal treatments. This part of 

the thesis contain absorbed dose that was taken along Y-axis and field size was taken along 

X-axis using different depths for analysis. The water and solid phantoms were compared 

against the absorbed dose. It was found that when square field size increased, the rate of 

absorbed dose also increased.  
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Figure 5.3 Absorbed dose at 0.5 cm at solid and water phantom 

At larger value of the square field size, the value of absorbed dose became approximately 

constant, which showed that a larger value of square field size of the absorbed dose almost 

became independent of the square field size. Because as the square field size is increased, the 

contribution of the scattered radiation to the absorbed dose increased, since this increase in 

scattered dose had greater at larger depths (Figures 4.3-5).  
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Figure 5.4 Absorbed dose at 5 cm at solid and water phantom 

It was noted that the rate of absorbed dose increased with the increase in the field size and 

decreased with increase in depths. It was also observed that the solid phantom absorbed more 

doses as compared to the water phantom due to different material used in the formation of 

phantoms. 

 

Figure 5.5 Absorbed dose at 10 cm at solid and water phantom 
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The density of the phantoms played an important role to calculate the absorbed dose. For 

patients' specific site the absorbed dose should be calculated in such a way that bone and soft 

tissue densities are considered for conformal radiotherapy treatments. 

5.3 Treatment Verification in Conformal Radiotherapy 

Treatment verification is also major part in radiotherapy for safe and accurate treatments. This 

part of the thesis contains external beam radiotherapy that is being used regularly to treat the 

breast malignancy postoperatively. The contribution of collimator leakage and scatter 

radiation dose, as well as the dose of the treatment fields, to contralateral breast is of concern 

because of high radio sensitivity of breast tissue for carcinogenesis. This becomes more 

important when the treated cancer breast patient is younger than 45 years and therefore the 

contralateral breast must be treated as organ at risk.  Quantification of contralateral dose 

during primary breast irradiation is helpful to estimate the risk and reduce scatter dose to the 

contralateral breast. 

The radiation dose received by the contralateral breast during primary breast irradiation is of 

concern because breast tissue is subject to cancer induction from low to moderate doses of 

radiation. In this paper the dose to the opposite breast has been studied in detail for common 

breast treatment techniques. The external beam radiotherapy has become a standard and 

principle modality to treat the breast malignancy. Studies have shown that the major 

contribution to contralateral breast dose is due to scatter radiation dose and collimation 

leakage dose. Treatment plans for breast as well as chest wall patients were made on Clinac 

and Primus machines by using 15
0
 and 30

0
 wedges respectively. PW and EDW were 

compared with respect to their contralateral breast dose contribution. Medial and without 

medial tangential beams were also analyzed for both the wedges.   This work is split up into 

two parts, first part is planned for breast patients which are twenty nine in number and the 

second one planned for chest wall patients which are thirty six.  

This first part contains the comparison of contra lateral breast dose: PW vs. EDW on Varian’s 

Clinac machine. 
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Figure 5.6 Comparison of contra lateral breast dose: PW vs. EDWonVarian’sClinac

machine 

In figure 4.6, the dark line (blue) represents contralateral breast dose (CBD) for EDW and the 

light line represents CBD for physical wedge (PW). It clearly depicts that for each patient, the 

contralateral breast dose for EDW is less compared to PW which demonstrates the 

significance of EDW. 

 

Figure 5.7 Comparison of contralateral breast dose: Medial EDW vs. without medial 

EDWonVarian’sClinac 

In figure 4.7, the dark line (blue) represents contralateral breast dose (CBD) for medial EDW 

and the light line represents CBD for without medial EDW.  It clearly depicts that for each 
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patient, the contralateral breast dose for medial EDW is more compared to without medial 

EDW which advocates for non-use of medial EDW. 

 

Figure 5.8 Comparison of contra lateral breast dose: PW [C] vs. PW [P]. 

In figure 4.8, The dark line(blue) represents contralateral breast dose (CBD) for PW at Primus 

[P] machine and the light line represents CBD for PW at Clinac[C] machine.  

 

Figure 5.9 Comparison of contra lateral breast dose: Medial wedge vs without medial 

wedge on Primus.
 

In figure 4.9, the dark line(blue) represents contralateral breast dose (CBD) for medial wedge 

and the light line represents CBD for without medial wedge on Primus machine. It clearly 

depicts that for each patient, the contralateral breast dose for medial wedge is more compared 

to without medial wedge which advocates for non-use of medial wedge. 
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The description of the second part consisting of thirty six chest wall patients is as under 

 

Figure 5.10 Comparisonofcontralateralbreastdose:PWvs.EDWonVarian’sClinac

machine.
 

In figure 4.10, the dark line (blue) represents contralateral breast dose (CBD) for EDW and 

the light line represents CBD for physical wedge (PW). It clearly depicts that for each patient, 

the contralateral breast dose for EDW is less compared to PW which demonstrates the 

significance of EDW. 

 

Figure 5.11 Comparison of Contra lateral breast dose: Medial EDW vs. without medial 

EDWonVarian’sClinac. 

In figure 4.11, the dark line (blue) represents contralateral breast dose (CBD) for medial EDW 

and the light line represents CBD for without medial EDW. It clearly depicts that for each 

patient, the contralateral breast dose for medial EDW is more compared to without medial 

EDW which advocates for non use of medial EDW. 
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Figure 5.12 Comparison of contra lateral breast dose:  PW(C) vs. PW (P). 

In figure 4.12, the dark line (blue) represents contralateral breast dose (CBD) for PW at 

Primus [P] machine and the light line represents CBD for PW at Clinac[C] machine.  

Figure 5.13 Comparison of contra lateral breast dose: Medial wedge vs. without medial 

wedge on Primus. 

In figure 4.13, the dark line (blue) represents contralateral breast dose (CBD) for medial 

wedge and the light line represents CBD for without medial wedge on Primus machine. It 

clearly depicts that for each patient, the contralateral breast dose for medial wedge is more 

compared to without medial wedge which advocates for non-use of medial wedge. 

The contralateral breast dose (along y-axis) is plotted against patient’s Number (along x-axis). 

Contribution to contralateral breast dose in units of cGy under different treatment fields 

(lateral as well as medial fields) and wedges (physical wedge and Enhanced dynamic wedge) 

treated on Varian’s Clinac 2100 C/D and Siemen’s Primus is also depicted in a plot patient 

wise.  
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It is observed in dose calculation that  

Table 5.2 The contralateral breast dose mean difference is 0.25 cGy in breast case and 

0.24cGy in chest wall case as per total prescribed dose during the comparison of PW and 

EDW on Varian Clinac. EDW gives less CBD compared to PW. 

 

Table 5.3 The contralateral breast dose mean difference is 0.19 cGy in breast case and 

0.18 cGy in chest-wall case as per total prescribed dose during the comparison of medial 

EDW and without medial EDW on Varian Clinac. The medial wedge gives more CBD 

compared to lateral one. 

 

Table 5.4 The contralateral breast dose mean difference is 0.08 cGy in breast case and 

0.31cGy in chest wall case as per total prescribed dose during the comparison of PW 

(Clinac) and PW (Primus). 

 

  

PW compared to EDW On Varian’s Clinac machine 

 
Patient Type 
 

 
CBD mean difference as per total prescribed dose in units of cGy 
 

Breast 0.25 

Chest wall 0.24 

 

Medial EDW compared to without Medial EDW 
On Varian’s Clinac machine 

 
Patient Type 
 

 
CBD mean difference as per total prescribed dose in units of cGy 
 

Breast 0.19 

Chest wall 0.18 

 

PW (Clinac) compared to PW(Primus) 

 
Patient Type 
 

 
CBD mean difference as per total prescribed dose in units of  cGy 
 

Breast 0.08 

Chest wall 0.31 
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Table 5.5 The contralateral breast dose mean difference is 0.25 cGy in breast case and 

0.51cGy in chest wall case as per total prescribed dose during the comparison of medial 

PW and without medial PW on primus machine. The medial wedge gives more CBD 

compared to lateral one. 

 

PW is an absorbing block made by metallic material and inserted manually in the beam path 

at LINAC output and so it gives more scattering photons when primary photon beams interact 

with its materials. EDW gives less scatter dose compared to PW due to absence of scattering 

which results from the interactions of primary incident photons with PW metallic materials. 

Previous studies have looked at contralateral breast doses. Kelly C et al measure the CBD by 

comparing four primary breast irradiation techniques and advocates for EDW compared to 

PW. Bhatnagaret alalso recommended the EDW compared to PW. Tarcilla O, K F, L-Tsao L 

also favors the EDW employment in their research data. Tarcilla O et al evaluated the 

opposite breast dose and concluded that the medial wedge is the main contributor to CBD. 

Our data is also in accordance and shows that EDW gives less scatter dose compared to PW 

and hence gives less CBD as seen in fig. 6-13. Further, the medial wedge produces an 

increased scatter dose as it passes very close to contralateral breast and hence should be 

avoided. The dose received by the contralateral breast is capable in enhancing second breast 

malignancy. This contralateral dose is due to scattered and leakage dose which comes from 

materials present in beam path and is an important concern to clinicians. 

Medial PW compared to without Medial PW on Primus Machine 

 
Patient Type 
 

 
CBD mean difference as per total prescribed dose in units of cGy 
 

Breast 0.25 

Chest wall 0.51 
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6 CONCLUSION 

 

Firstly it was analyzed that CT-MRI fusion in the patient with diagnosis enabled more precise 

target volume delineation, due to advancements provided by MRI comparing to CT imaging 

in distinguishing between tissues with similar densities. Without MRI, neither GTV, nor CTV 

would be appropriate, due to inadequate visualization. There should be a possibility of either 

larger target volume in order to be sure that necessary region is treated or un-sufficient target 

volume to prevent large dose application to adjacent organs at risk. Subsequently, the organs 

at risk such as cochlea and inner ear would be exposed to higher dose. A large number of 

authors stress advantages of MRI comparing to CT for the evaluation 10 and delineation of 

target volumes 11 for auditory and vestibular systems pathology.  

This study highlights the importance of integration of multimodality imaging fusion in 

conformal radiotherapy for treatment planning of brain Gliomas. GTV localization and 

delineation could be expected to facilitate precise and concise radiation therapy treatment 

planning for brain tumors. Therefore, ultimately, the fusion of two imaging modalities is 

recommended for accurate delineation of GTV in conformal radiation therapy treatment 

planning of brain tumors. Also we conclude from this study the importance of better quality 

of the image will really helpful in radiotherapy planning. 

Secondly it was examined that the rate of absorbed dose increased with the increase in the 

field size and decreased with the increases of depths. When the depth in the phantom changed 

from lower to higher values, the absorbed dose decreased and increased with the increases of 

square field sizes from lower to higher values. The density of the phantoms played an 

important role to calculate the absorbed dose. For patients' specific site the absorbed dose 

should be calculated in such a way that bone and soft tissue densities are considered for 

conformal radiotherapy treatments. 

Thirdly, this study is an analysis of differing doses to the contralateral breast using the 

enhanced dynamic wedge versus the physical wedge. Scatter dose from the medial tangential 

field to the contralateral breast originates in the accelerator head and its accessories. This 

radiation is composed mainly of low-energy X-rays and electrons. Therefore, only thin 

absorbers are needed to achieve an effective reduction in unwanted dose. By shielding the 



  Conclusion 

P a g e  | 90 

contralateral breast with one layer of lead of 2-mm during breast radiation therapy, we 

achieve a considerable reduction in dose to an approximately one third, which is in accord 

with the philosophy of keeping mediation exposure as low as reasonably achievable. Dose to 

the contra lateral breast as a result of radiotherapy of breast should not be ignored in 

radiotherapy and more so in patients younger than 45 years. The breast tissue is highly 

sensitive and therefore the contralateral breast must be regarded as organ at risk (sensitive 

organ) while planning for radiotherapy.   

The investigation of the effect of both wedges on contralateral breast (untreated) during 

primary breast irradiation demonstrates that the EDW produces less scattered dose compared 

to PW which can cause second breast malignancy. The enhanced dynamic wedge is a 

practical clinical advance which improves the dose distribution in patients undergoing breast 

conservation while at the same time minimizing dose to the contralateral breast, thereby 

reducing the potential carcinogenic effects. Furthermore, the medial wedge can cause second 

breast malignancy also and should be avoided in planning. Tissue equivalent material should 

also be used to complete the natural contour of the breast and to reproduce appropriate 

build‐up and internal scatter. 

Overall all three conclusions represent that for precise treatment planning and treatment 

delivery, accurate countering, confirmation of dose measurements in different martial density 

phantoms and treatment planning for contralateral tissue is very important for dose validation 

in conformal radiotherapy. 
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