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ABSTRACT 

In external beam radiotherapy quality assurance is carried out on the individual 

components of treatment chain. The patient simulating device, planning system and 

treatment machine are tested regularly according to set protocols developed by 

national and international organizations. Even though these individual systems are not 

tested for errors which can be made in the transfer between the systems. The best 

quality assurance for the system is at the end of the treatment planning chain. 

In vivo dosimetry is used as a quality assurance tool for verifying dosimetry as either 

the entrance or exit surface of the patient undergoing external beam radiotherapy. It is 

a proven reliable method of checking overall treatment accuracy, allowing 

verification of dosimetry and dose calculation as well as patient treatment setup. 

Accurate in vivo dosimetry is carried out if diodes and thermoluminescence 
» 

dosimeters (TLDs), the main detector types in use for in vivo dosimetry, are carefully 

calibrated and the factors influencing their sensitivity are taken into account. The aim 

of this study was to verily the response of TLDs type(LiF: Mg;Cu;p)use in 

radiotherapy , to establish calibration procedure for TLDs and to evaluate entrance 

dose obtained by the treatment planning system with measured dose using 

thermoluminescence detectors. 

Calibration of the TLDS was done using Cobalt-60 teletherapy machine, linearity and 

calibration factors were determined. Measurements were preformed in rando phantom 

for breast irradiation (For the breast irradiation technique considered, wedge field was 

used). All TLDs were processed and analyzed at RICK. 

In vivo dosimetry represents a technique that has been widely employed to evaluate 

the dose to the patient mainly in radiotherapy. 

Thermoluminescent dosimeters are considered the gold stander for in vivo dosimetry 

and do not require cables for measurements which makes them ideal for mail based 

studies and have no dose rate or temperature dependence ,but their use is time 

consuming. 

TLDs need to be calibrated against an accurate dosimetric reference, such as an 

ionization chamber, to determine the calibration factor. 

We conclude that using TLDs for in vivo dosimetry requires careful handling. 
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CHAPTER ONE 

INTRODUCTION 



INTRODUCTION 

1.1 Preface 
The ultimate overall goal of radiotherapy is to deliver a specified radiation dose to the 

prescribed target volume with the least dose to healthy tissues. This means a 

sophisticated balance between the cure of the illness and the possibility of radiation 

induced complications. 

Therefore the demands for precision and accuracy in radiotherapy are high, because very 

often a small increase in radiation dose will have crucial influence on the probability of a 

cure but simultaneously the probability of induction of irreversible damage to the patient 

will increase . 

An "error" is any deviation between the given numerical value of a quantity, such as the 

dose at a point or the position of a point, and its "true" value. In radiotherapy, errors may 

arise from at least four main sources: (i) human mistakes caused by inattention, 

misunderstanding or misjudgment; (ii) instrumental mistakes caused by mechanical or 

electrical failure; (iii) random errors due to unknown and/or uncontrolled experimental 

conditions in the process involved in the planning and delivery of radiation; and (iv) 

systematic errors, i.e. biases, in the same set of processes. In the following discussion, 

mistakes will be considered separately from the random and systematic errors. In 

principle, mistakes can be eliminated completely by a proper system of cross-checks of 

both human and instrument performance (by quality assurance system), although, in 

practice this may prove very difficult and expensive. Random and systematic errors, on 

the other hand, cannot be eliminated but the magnitude of these uncertainties can be 

reduced by accumulation of better data and improved techniques of measurements and 

delivery of radiation (by improved quality control of all steps of radiotherapy process) [1] 

Regarding radiation safety, errors or poor performance in diagnosis can lead to a higher 

collective dose than necessary, leading to undue radiation detriment to the population. 

Errors or poor performance in radiotherapy can lead to severe consequences to patients, 

hospital staff and general public which are different from radiological accidents in 

industrial irradiation facilities where only the last two groups of people can be involved. 

The full benefit of radiotherapy treatment of cancer can only be achieved if the radiation 
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doses to patients are accurate and reproducible. There are two fundamentally different but 

equally vital requirements for achieving this. 

Firstly, accuracy and precision can be achieved by high quality measurements of the 

treatment beams and careful calculation of doses to target volumes, supported by a good 

preventive maintenance programme for the equipment, i.e. well implemented quality 

assurance programme. 

Secondly, it is necessary to prevent a wide range of simple errors, which compromise 

safety. This second requirement has not always been acknowledged but its importance 

may be demonstrated by accidents at busy radiotherapy centers. Even if all 

recommendations for quality assurance, local rules and practical guidelines are followed 

the occurrence of misadministration and accidents in radiotherapy departments are still 

very common. [1] 

1.2 Dosimetry in radiotherapy 

It has become obvious in radiotherapy that quality assurance programs are essential if the 

best possible therapeutic results are to be obtained. Although the technical and physical 

aspects of quality assurance are well documented, no guidelines exist for the verification 

of the whole radiotherapy process at the individual patient level [2]. Each step involved 

in the planning or accomplishing of a treatment is subject to a certain degree of 

uncertainty leading to cumulative discrepancy between prescribed and delivered dose. 

Because it is not possible to eliminate all possible errors with conventional quality 

assurance programs, it is increasingly recommended to perform verifications on 

individual patients to check the whole chain of radiotherapy. [3] 

The breakthrough of in vivo dosimetry occurred at the end of the sixties, when 

thermoluminescent dosimeters (TLDs) became available and more recently when 

semiconductor detectors were introduced as radiation dosimeters. 

For most of the in vivo dosimetry (IVD) measurements diodes proved to be the 

dosimeters of choice due to their advantages (real time read-out, high sensitivity, good 

spatial resolution, simple instrumentation, robustness and air pressure independence). 

In vivo dosimetry is the most direct method for monitoring the dose delivered to the 

patient receiving radiation therapy. It allows comparison of prescribed and delivered 
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doses and thus provides a level of radiotherapy quality assurance that supplements port 

films and computational double checks. When performed early in treatment as a 

supplement to the clinical quality assurance (QA) program, simple in-vivo measurements 

are an additional safeguard against major setup errors and calculation or transcription 

errors that were missed during pre-treatment chart check. [4] 

In ICRU report 24 it is also specified what in vivo dosimetry might include: 

Entrance dose measurements, exit dose measurements, transmission measurements 

and intracavitary absorbed dose measurements. 

Entrance dose measurements serve to check the output and performance of the treatment 

apparatus as well as the accuracy of the patient set-up. Exit dose measurements serve, in 

addition, to check the dose calculation algorithm and to determine the influence of shape,, 

size and density variations of the body of the patient on the dose calculation procedure. 

1.3 Dosimeters 

Radiation dosimeter is a device instrument or system that measures or evaluates, either 

directly or indirectly the quantities exposure, kerma, absorbed dose, or their time 

derivatives (rates) or related quantities of ionizing radiation. A dosimeter along with its 

meter is referred to as dosimetry system. In order to be useful, radiation dosimeters must 

exhibit several desirable characteristics. For example, in radiotherapy, the exact 

knowledge of both the absorbed dose to water at a specified point and its spatial 

resolution are of importance, as well as the possibility to derive the dose to an organ of 

interest in the patient. In this context the desirable dosimeter properties will be 

characterized by accuracy and precision, linearity, dose or dose-rate dependence, energy 

response, directional dependence and spatial resolution. Obviously, not all dosimeters can 

satisfy all the characteristics, therefore, the choice of radiation dosimeter and its reader 

must be made judiciously, taking into account the requirements of the measurement 

situation, e.g., in radiotherapy ionization chambers are recommended for beam 

calibrations, and other dosimeters are suitable for the evaluation of the dose distribution 

or dose verification. [5] 
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1.4 Types of dosimeters 

The most commonly used detector types for in vivo dosimetry are diodes and 

thermoluminescence dosimeters (TLDs). Some other detector types have also been tested 

for in-vivo dosimetry purposes like diode and Metal Oxide Semiconductor Field Effect 

Transistor (MOSFETs), but are not yet in routine clinical use. In these study TLDs were 

used because it a valuable in Radiation isotope center Khartoum. 

1.5 Radiothermoluminescent dosimeters 

Thermoluminescence dosimetry (TLD) has been developed considerably over the past ten 

years, the commercial availability of reliable detector materials and the 

commercialization of automatic readout systems being a decisive factor. For in vivo 

measurements TLDs have the advantage of being highly sensitive under a very small 

volume and not to have to be connected to an electrometer with an unwieldy cable. Their 

major disadvantage which is the time required for readout can be considerably decreased 

by a good choice of the equipment and a good methodology. [6] 

1.5.1 Principle of the method 

Thermoluminescence dosimetry is based upon the ability of imperfect crystals to absorb 

and store the energy of ionizing radiation, which upon heating is re-emitted in the form of 

electromagnetic radiation, mainly in the visible wavelength. The light emitted is then 

detected by a photomultiplier (PM) and correlated to the absorbed dose received by the 

TL material. 

One of the possible mechanisms is presented in Fig 1.1 Energy states in a crystal being 

represented with energy increasing upwards along the ordinate, free electrons and holes 

are produced under the irradiation effect. Both of them are free to travel through the Solid 

in the conduction band for a short time. They may be ultimately either trapped at defects 

or fall back into the valence band and recombine either radiatively (fluorescence) or non 

radiatively with holes, or be captured at luminescent centers with the emission of light. 

The electrons may stay in the traps for prolonged periods (up to months), which confers 

to the thermoluminescent method the advantage of storage of information. 
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The information can then be collected by heating the crystal to a temperature depending 

upon its nature. The calorific energy is used by the electrons to escape from the trap again 

into the conduction band, where they are free to travel and have three possible fates as 

before: either be retrapped at defects or fall into the valence band and recombine 

radiatively or not with holes, or recombine radiatively at a hole-activated luminescence 

center. It is the light emitted by this last process which is called thermoluminescence 

(TL). 

Heating and light collection are performed in a readout system called the reader. The 

TLDs signal as a function of temperature (or of time if this parameter is correlated with 

temperature) is of a complex nature and is called a glow curve. It consists of different 

TLDs peaks, each peak corresponding to a different energy state in the crystal. They are 

either unstable, decaying more or less quickly with time according to the TL material 

considered, or stable. A TLDs always contains both unstable and stable peaks, the latter 

being the one(s) used in dosimetry. They are called dosimetric peaks. 

After readout, the TL material is either entirely in its original state, and in this case it is 

just ready for re-use, or it requires a special heating treatment called annealing in order to 

restore it to its original state [6] 
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1.6 The aims of this study 
For a safe and accurate dose delivery using external beam therapy many aspects need to 

be considered carefully. Furthermore the general safety aspects for the patient are avoid 

areas of under-dose or overdose, which can result in insufficient tumor control. 

The aim of this study was: 

A. To verify response of TDLs type (LiF:Mg;Cu;p) used in radiotherapy. This type of 

TLDs in their different forms (rod, chip and powder ) are preferably used for diagnostic 

radiology and lower dose in radiotherapy .their measuring range is lpGy up to 12 Gy, 

B. To establish calibration procedure for TLDs (LiF:Mg;Cu;p) for therapy application at 

Radiation and isotope center Khartoum(RICK) 

C. To calculate entrance dose obtained by the treatment planning system with measured 

dose using thermoluminescence detectors. 

1.7 Area of the Study 

All the practical and analysis of the data was carried out at Radiation and Isotope Center 

Khartoum (RICK) which located in Khartoum-Sudan. The irradiation was done by 

Equinox. 

1.8 Thesis outline 

The research is divided into four chapters. Chapters one (introduction) include the 

preface, dosimetry in radiotherapy, dosimeter, type of dosimeter, radiothermlumesent 

dosimeter, principle of method, the aim of this study, and area of this study. 

Literature review is given in chapter two. A description of the material and method is 

given in chapter three. In chapter four results and discussion were presented. Finally In 

chapter five the conclusion and recommendations were given. 
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CHAPTER TWO 

LITERATURE REVIEW 



LITERATURE REVIEW 

2.1 Patient dose verification in external beam therapy 

The large number of steps and persons involved leads to a large probability of errors in 

the preparation and execution of a radiation treatment. Different ways can be used to 

assess the uncertainty in the dose delivery. The sequence of the different procedures 

involved in delivering a dose to a patient (dose calculation, treatment machine 

calibration, patient setup etc.) can be analysed. The total uncertainty in all the steps may 

then be considered as the maximum attainable accuracy in dose delivery. In practice the 

actual accuracy in dose delivery may be less than desirable for any of the following 

reasons:'Errors in patient contours, patient mobility, inhomogeneities, organ motion, 

transfer of treatment data from simulator to the treatment unit, machine settings, and 

positioning of modifiers, etc. 

The ultimate check of the individual dose delivered to a patient can only be performed at 

the patient level, by means of in vivo dosimetry. 

The method most commonly used for standard techniques consists of positioning point 

detectors on the patient's skin and measuring the entrance and/or exit doses in conditions 

adapted to the type and energy of the beam. By combination of the two, it is then possible 

to obtain the dose inside the patient (target or midline dose, for instance). The detectors 

usually employed are diodes and thermoluminescence dosimeters. Some authors have 

also used portal films or electronic portal imaging devices. Although more demanding to 

carry out, in vivo dosimetry can be used to detect errors or to check the dose delivered 

using intensity modulated therapy. Depending upon the objectives to be achieved 

dosimeters can either be put at the entrance of the different beams at points situated in a 

low dose gradient area or put within the target volume using, for example, a nasogastric 

tube. When this is not possible, in vivo measurements done in high dose gradient regions 

are subject to question. [7] 
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2.2 In vivo dosimetry 

In vivo dosimetry (IVD) began to be used at the same time as radiotherapy when skin 

erythema was the only form of dosimetry available. More than 30 years ago in vivo 

measurements were also recommended for brachytherapy of cancer of the uterine cervix 

because it was not possible to calculate the dose delivered to the bladder and rectum, 

which were limiting factors for the irradiation. Currently, in vivo dosimetry is most often 

considered a quality assurance tool useful to identify deviations in the delivery of 

standard or complex treatments such as intensity modulated radiotherapy (IMRT), to 

evaluate the dose to critical structures (lens, gonads, etc.) or when computer calculations 

are not possible or are questionable (limits of block shielding, junction of non-coplanar 

irradiation fields, dose at skin or within inhomogeneities, etc.). 

In vivo dosimetry (1VD) can also be used to monitor the irradiation for special techniques 

such as total body irradiation or total skin electron irradiation etc. 

Dosimetric investigations in special or anthropomorphic phantoms loaded with 

dosimeters and irradiated in the same conditions as patients can also be useful to check 

the validity of special techniques prior to routine practice, to point out problems related to 

suboptimal treatment planning systems, errors in irradiation technique or in dose 

calculations, or simply to validate the method used for in vivo dosimetry. [7] 

The international commission of radiation units and measurements (ICRU) recommends 

that the dose be delivered within 5% of the prescribed dose. This means that the end of 

the planning and treatment "chain" the total error in dose delivered is less than 5%. 

Each stage in the planning process has an inherent error, so it is therefore to meet this 

requirement .As in vivo dosimetry ( IVD) is at end of the planning chain any error made 

in treatment chain (such as patient position ,calculation , accessory in extremely useful in 

the detection of any error along the chain it is underused , and should be put into practice 

more often there should be feedback in all step in radiotherapy chain as any problems at 

one point will require a change at another point also recommend that in situations where 

higher than normal dose is given IVD is desirable and portal image is essential. In vivo 

dosimetry (IVD) is seldom used to estimate dose to the tumor volume, despite the fact 

that it was recommendation of world health organization (WHO). 
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Work done by the leavens group has found that considerable benefits can be achieved by 

the implementation of regular IVD. And that errors that would otherwise have been 

missed have been found in the other hand, the inherent error in IVD make it difficult to 

identify source of error. It is therefore important to set realistic error boundaries so that 

time is not wasted looking into errors in the measurement chain in that do not exist. 

IVD is measure dose given to patient. Errors in the treatment chain have been found that 

could have been detected by phantom measurement, while some errors have been found 

that could only have been measured with IVD on the patient, any new technique should 

be checked on phantom before it is implemented clinically. [8] 

In the absence of errors, routine in vivo measurements uniquely document that treatment 

was delivered correctly within a user-specified tolerance. Unlike other QA methods, in 

vivo dosimetry checks the dose delivered to the patient rather than the individual 

components prior to treatment. Most treatments are without serious error—in a recent 

review from Europe, out of 10,300 patients at three institutions performing in vivo 

dosimetry for all new patients, 120 treatment errors exceeding 5% were found, and the 

estimated serious error (misadministration) rate in the United States is 0.002%. Although 

there is not universal agreement on the benefit of in vivo dosimetry, a strong argument in 

its favor is that preventing the severe consequences of major errors as illustrated by the 

recent overexposure of 28 patients in Panama—warrant the effort and expense of an in 

vivo dosimetry program. IVD is also helpful in supporting the high accuracy in dose 

delivery expected from complex and conformai therapy techniques. [4] 

2.3 Clinical application of in-vivo dosimetry 

A first possible aim of in IVD is to compare the doses derived from the signal of the 

detectors placed on the skin with the theoretical values, as calculated by the Treatment 

Planning System (TPS). As however the accuracy of the calculation of the dose to the 

skin is questionable, and in many cases irrelevant, the signal of the detector is converted 

to the dose, at a point which is still close to the skin, but at a certain depth where the 

accuracy of the TPS is much more satisfactory. One point is close to the entrance, while 

the other is close to the exit surface of the beam. The corresponding doses are called 

entrance and exit doses, respectively. With regard to the exit dose, one should realize that 
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in the real patient there is in most cases a considerable loss of backscatter, while the TPS 

calculations are valid for semi-infinite patients implying complete backscatter at the exit 

surface. A correction is then necessary. [6] 

A more ambitious aim of in vivo dosimetry is to check the target dose, in order to verify 

the correct delivery of irradiation. Except when detectors can be introduced in natural 

body cavities such as oesophageal tube, rectum, vagina, etc, this is impossible. As a 

matter of fact, a check of the entrance and exit dose is also an indirect check of the target 

dose. However, if a deviation is observed between the computed and measured entrance 

or exit dose (under the assumption that the experimental value is correct) it may be 

because the target dose is wrong (due to a wrong in time, an error in the irradiation 

parameters, an incorrect patient set-up or an unexpected variation of the machine output), 

because the calculation of the entrance or exit doses, even from a correct target dose, is 

wrong, or because of a combination of both types of error. A more selective check of the 

target dose is then of high interest. 

A third possible aim of in vivo dosimetry can be the determination of the skin dose itself. 

This measurement is critical and requires a special methodology [6] 

2.4 Use of TLDs in the in vivo dosimetry 

Theoretically, for in vivo dosimetry with TLD, the same approach as for diodes could be 

used. Indeed, if the detectors are identified and can be kept trace of, a calibration factor 

could be ascribed to each TLD as it is done to a diode. It would then of course also be 

necessary to monitor these factors over time. However this procedure would require an 

extreme stability of reading, annealing and manipulation conditions, which would be very 

hard to achieve in practice. Moreover, keeping trace of each detector is not an easy task 

in case of solid detectors, whilst it is technically impossible in the case of powder. 

Instead of having to monitor calibration factors over time, at each readout session patient 

detectors are just analysed together with some calibration detectors. These methods, 

applied in TLD, are presently well documented and, thanks to the availability of modern 

automated readers, the large scale applicability of this dosimetry method, especially for in 

vivo measurements, has increased considerably. [6] 
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2.5 Calibration of TLDs 

It is strongly recommended to perform a separate calibration for each radiation beam 

quality. If the TLDs can be identified, a calibration factor could be given to each 

dosimeter and it is necessary to monitor the individual factors from time to time. 

In practice, having a large number of dosimeters is possible to save a part of them for the 

purpose of calibration. The readings of the patient dosimeters can then be converted in 

dose by comparing their response to the ones of the calibrated dosimeters. [9] 

If a TLDs is used for entrance and exit dose measurements, it has to be ascribed a 

corresponding entrance as well as exit dose calibration factors. 

The phantom can be used and the ionization chamber will be used as reference 

instrument. Entrance as well as exit dose calibration factors may be determined. » 

It is not always necessary to irradiate new calibration detectors for each read-out session. 

Calibration TLDs, having been irradiated together, may be attributed to different sessions 

as long as the time gap between their irradiation and that of the patient detectors is short 

enough in order to limit fading phenomena to less than 1%. 

Every factor which influences TL response may be the reason why, when the clinical 

conditions are different from the reference conditions, correction factors may be 

necessary. [6] 

Many authors have made recommendation on the verification of the dose by the TLDs 

and the response of the TLDs. 

C. Yu and G. Luxton [10] illustrated the annealing of the TLDs. 

A simplified TLD technique characterized by high precision and reproducibility 

of dose measurement is presented. One hundred eighty LiF TLD rods 1 mm diam 33 mm 

length as obtained from the manufacturer were annealed for 1 h at 400°C followed 

immediately by 2 h at 105°C. After exposure to a dose of 1 Gy of 4 MV x rays, TLDs 

were annealed for 15 min at 105 °C, then read out. TLDs were then sorted into five 

groups, ranging from 26 to 50 rods each with approximately equal sensitivity after 

correcting for the drift in the sensitivity of the TLD reader during the readout session. 

Maintaining group identity, the TLDs were again annealed, irradiated and read out. 

Fewer than 10% of the TLDs were removed from each group because the corrected 

readings differed from the respective group mean by more than 3.5%. The standard 
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deviation of the readout was approximately 1.5% within each group. The various tests 

were performed to assess the stability of the group sorting technique and the linearity of 

TLD dose response. After reannealing, five TLDs were randomly drawn from one of the 

presorted groups, and subjected to various dose of 4 MV radiation over the range from 

0.5 to 1000 cGy. This resulted in an average readout standard deviation of 1.2%. 

Response per unit dose was almost flat over the range from 0.5 cGy to 100 cGy, and 

increased by 15% over the range from 100 cGy to 1000 cGy. TLD sensitivity was 

affected by the duration of the anneal, but was virtually independent of the various time 

delays between irradiation, prereadout anneal, and readout. The group annealingand 

sorting -GAS! procedure provides a simple, reliable, precise, convenient, and accurate 

method for TLD measurements. 

The physical characraristic was proposed by many authors [11].Measurements 

for this study were made using Harshaw TLD-100 and TLD-700 irradiated by Varian 

accelerators (Varian Medical Systems, Palo Alta, CA) operated at 6, 10, 15, or 18 MV. 

For all locations where the dose was measured, 3 TLDs were irradiated, with the average 

signal being determined. All TLDs were read at the Radiological Physics Center [RPC 

(Houston, TX)], which has an established history of TLD-100 use and analysis. Separate 

calibration of energy dependence, fading, and linearity correction was required for TLD-

700, because the RPC does not routinely use it. The correction for the energy dependence 

was determined by comparing the signal from a known exposure from each treatment 

energy to a known exposure from cobalt. The fading correction was provided by the 

manufacturer. The linearity correction was determined by interpolation of multiple 

known exposures over the range of doses received by the experimental TLDs. The 

uncertainty in the calibration and readings of TLD-700 was slightly larger than that for 

TLD-100. The uncertainty in the dose measured by a set of 3 TLD- 100 dosimeters was 

previously found to be 1.3% (1 standard deviation of the mean) when RPC procedures 

were followed. The uncertainty in the dose measured by a set of 3 TLD-700 dosimeters 

was previously found to be 3% (1 standard deviation of the mean) based on the 

variability observed in the 3 dosimeters. 
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Lisa Duggan [12] Reported the dosimetric characteristics of ultrasensitive 

LiF:Mg,Cu,P thermoluminescence dosimeters (TLDs) in radiation beams typical for both 

diagnostics and therapy, and develop procedures to implement this dosimeter into clinical 

practice for those selected scenarios. GR-200 and MCP-N (TLD Poland) TLDs were 

compared to other TLD materials (LiF:Mg,Ti, A1203 :C) and tested for reproducibility, 

dose response (1 mGy to 500 Gy), photon energy response (10 keV to 18 MVp), long-

term stability (6 months) using different annealing cycles and glow curve deconvolution. 

A miniaturized TLD form (MCP-N) was developed by TLD Poland for the present 

investigations. Detection limit of GR-200 and MCP-Np was found to be less than 1 and 8 

mGy, respectively, with dose response linear up to 18 Gy. To obtain adequate detection 

limits and precision, accurate temperature calibration of heating cycles and a dual-anneal 

technique with dose history monitoring was performed. Energy response was similar for 

both materials within 5%. LiF:Mg,Cu,P proved to be more suitable than LiF:Mg,Ti for 

dosimetry in low dose medical applications particularly when kilovoltage photons are to 

be used. The high sensitivity and resulting scope for miniaturization provided the 

opportunity to perform unique in-vivo measurements within brachytherapy implants and 

for mammography. 

Many authors [13] were use the TLDs for verification of the therapy machine 

out put. The effects of the random experimental uncertainties of various factors on dose 

calculations from TLDs signal are examined including: fading, dose response non 

linearity, and energy response correction, reproducibility of TLDs signal measurements 

and TLDs reader calibration. 

Individual uncertainties are combine to estimate the total uncertainty due to random 

fluctuation. The radiological physics centers (RPC) mail out TLDs system, utilizing 

throwaway Lif powder to monitor high energy photon and electron beam outputs. 

An automated TLDs facility has been commissioned and calibrated, and 

techniques have been developed for the measurement of exit dose in external beam 

radiotherapy, to enable the routine estimation of delivered tumor dose were proposed by 

many authors [14]. 
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An automated TLD system, originally intended for use in diagnostic radiology and 

radiation protection, has been evaluated and configured for the measurement of exit doses 

in radiotherapy. 

Linearity, optimal heating cycles and calibration procedure have been determined. At the 

photon energies used, encapsulated lithium fluoride chips provide insufficient buildup to 

ensure electronic equilibrium, necessitating calibration to allow for oblique exit surface. 
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CHAPTER THREE 

MATERIAL AND M ETHOD 



Materials and Methods 

3.1 External beam therapy equipment 

Beam data were obtained from (Theratron Equinox 100 MDS Nordion, Canada) 

teletherapy Cobalt unit which is installed in special suite. The machine is designed to 

house Cobalt-60 source of maximum capacity 555 TBq (1500 Ci). A pneumatic air 

system, a two way air cylinder using compressed air, controls the source drawer. It is 

used to derive the source from fully shielding position to a fully exposed position. 

Emerging photons from the Cobalt-60 source have energies of 1.17 and 1.33 MeV, and 

effective energy of 1.25 MeV, [15]. Fig 3.1 shows Theratron Equinox-100 
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Fig 3.1 Theratron Equinox-100 
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3.2 Phantoms 

3.2.1 WP34 Water Phantom 

This phantom has been designed for absolute dose measurements in radiation beams with 

horizontal beam incidence. Furthermore it is suitable for the calibration of ionization 

chambers used in radiation therapy. The phantoms' design allows cross calibration of a 

field ionization chamber against a calibrated reference chamber at the user's facility. The 

phantom has engraved crosshairs, two handles for easy carrying and a drain tap for 

emptying without changing the phantom's position. 

The phantom has an advanced configuration with continuous fine depth adjustments by 

using linear scale. The measuring depth is adjustable either from 18 mm up to 250 mm 

for cylindrical chambers or from 8 mm (respectively 12 mm depending on chamber type) 

up to 250 mm for parallel plate chambers.[16]. Fig 3.2 shows WP34 Water phantom 
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Fig 3.2 WP34 Water phantom 
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3.2.2 RANDO Phantom 

The RANDO Phantoms provide the detailed mapping of dose distribution that is essential 

for evaluating radiotherapy treatment plans [17]. The phantom utilized in this study is the 

female RANDO Phantom, which does not have arms or legs and have been mastectomy. 

Fig: 3.3 shows Rando phantom. 
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Fig: 3.3 Rando phantom 
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3.4 Detector Systems 

3.4.1 Farmer type Chamber FC- 65 - G 

It is a waterproof, vented chamber suitable for electron and photon beam dosimetry. 

It is use For dose measurements, depth dose measurements and field profile analysis in a 

water phantom or in free air. [18]. Fig 3.4 shows Farmer chamber. 
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Fig 3.4 Farmer Chamber 
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3.4.2Therapy electrometer -Dose -1 

The DOSE 1 is a very sophisticated and accurate measuring device for the dose and dose 

rate in radiation therapy. It has ability to store all correction factors required in the 

measurements and then compensate the corrected reading [15J. 

It is portable, single channel, dosimeter for calibration dosimetry with ionization 

chambers and semiconductor detectors in radiotherapy and radiation protection. It 

combines superior accuracy with an excellent resolution in a wide dynamic range. In 

combination with radioactive check sources the response stability of the ionization 

chambers is verified and the cross calibration performed.[19]. Fig3.5 shows Dose-1 

Electrometer. 
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Fig 3.5 Dose-1 Electrometer 



3.5ThermoIuminescence dosimeter (TLD) system 

3.5.1Thermoluminescence dosimeter (LiF:Mg;Cu;P(GR-200A)) 

Measurements were made using TLDs Chips type LiF:Mg;Cu;P(GR-200A), TLDs 

detectors are gaining popularity as dosimeters in radiation therapy. 

These types of TLDs have unique features such as small size, inexpensive, rugged, and 

reusable because the sensitivity of the TLD usually remains consistent for many cycles of 

measurement. [20] 

3.5.2Thermoluminescence Reader. 

The automatic TLD reader type PCL3 was used in this experiment. Is designed for the 

evaluation of different TLD material in the form of rods, chips or powder. In one loading, 

it can read 80 dosimeter with varies type of TLDs. 

Depending on the type of material used, the system can be applied for dose levels ranging 

from environmental monitoring to radiation therapy and beyond. [21] 

3.6 C.T simulator 

C.T data obtained from AcQ Sim C.T™ scanner that designed specifically for oncology 

departments, the system features a unique 85 cm bore that facilitates positioning difficult 

to image exams such as breast, mantle, and large patients, and a set of laser with three 

positions one on the roof and two on the opposite walls for patient positioning. [22] 

It was used as patient imaging device with corresponding to tissue density. The CT image 

displays both high density tissue such as bone, and low density tissue such as lung and 

soft tissue. The image data can be transferred to the pinnacle planning system by 

DICOM. Fig 3.6 shows CT simulator. 
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PHILIPS 

Fig: 3.6 C.T simulator 
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3.7 Method 

An experiment was preformed to verify the entrance dose, the verification of entrance 

dose was divided into four parts: 

• Dose calculation in TPS for Rando phantom. 

• Phantom dose measurement by TLD. 

• Dose calculation in TPS for patient. 

• Patient dose measurement by TLD. 

3.8 Dose calculation in TPS for RONDO phantom 

3.8.1 C.T image acquisition of the Rando phantom 

The reference laser point was used to set the phantom and used the catheters to mark the 

phantom for simulation, the C.T image data for the Rando phantom were transferred to 

TPS. 

3.8.2 Dose calculation with the TPS 

Daily 266.7cGy prescribed dose was calculated for two tangential beam for breast 

irradiation, the dose for five hold and entrance were calculated for all beams. 

The central slice isodose line is shown in Fig (3.7) and dose volume histogram to 

evaluate this plan is show in Fig (3.8) & BEV is shown in Fig (3.9.a) and Fig (3.9.b). 
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3.9 phantom dose measurements by TLDs 

3.9.1TLD preparation 

Thermolumesence dosimeters were calibrated with known dose of cobalt-60 y-ray beam. 

3.9.1.1 Annealing procedure 

The batch of sixty TLDs as obtained was initially annealed according to procedure 

described below. 

The thermal treatment is essential procedure for re-usability TLDs, and the ideal 

annealing parameter can depend on the actual material and instrument. Annealing « 
procedures consisted of two steps high temperature, and flowed by fast cooling, as 

describe the procedure in the user manual [19]. 

The TLDs were first placed in the annealing tray, the tray used for annealing was made of 

steal and the TLDs were put in the TLDs containers (cupels) and then in the tray, each 

cupels hold one TLD. The steal tray was heated to 240 C oven for 10 min; this was 

flowed by 10 min cooling. This procedure should be done before and after each 

measurement. 

3.9.1.2 Selection criteria of TLD 

A set of sixty TLDs type (LiF:Mg;Cu;P (RG-200A) were used. The set was grouped to 

twelve patches; each patch consisted of five TLDs. The patching was done to allow 

accurate position and avoid the field edge. 

Each patch was inserted in a TLDs holder, which can be fitted into a calibration water 

phantom. 

The TLDs holder was centered along the central axis of Cobalt-60 beam each time using 

ceiling and wall mounted lasers. 

The TLDs in each patch were exposed uniformly to 1 Gy. The beam was horizontally 

incident on the water phantom. The irradiation setting was, 10 x 10 cm Field size, 90 cm 

SSD and 10 cm depth on an Equnix-100 Cobalt-60 machine 
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During the setup for irradiation, the phantom with TLDs were carefully placed such that 

no TLDs would lie in the shadow of the metal cross-hair of Cobalt-60 head to avoid 

small dose variation caused by the wire. 

Vacuum tweezers was used to handle the TLDs. This careful handling is very important 

to protect the TLDs from contamination. 

The TLDs were read using TLDs reader system (type flmel PCL3). All TLDs were read 

at the Radiation and Isotope Center Khartoum. Table (3-1) shows the selection of TLDs 

when use sixty TLDs and irradiated with the same Dose 
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Table 3.1 TLDs Selection. 

TLDs TLDs 
No Sig Normalization 
1 1238817 71% 
2 1258834 72% 
3 1281616 73% 
4 1300656 74% 
5 1338589 76% 
6 1373818 78% 
7 1411382 80% 

8 1416309 81% 
9 1432908 82% 

10 1433988 82% 

11 1457199 83% 
12 1495006 85% 
13 1518481 87% 
14 1546841 88% 
15 1556061 89% 

16 1567113 89% 

17 1573304 90% 

18 1585759 90% 

19 1612274 92% 

20 1615042 92% 

21 1646823 95% 

22 1662030 95% 

23 1674383 95% 

24 1680837 96% 

25 1685458 96% 

26 1692214 96% 

27 1707558 97% 

28 1712329 98% 

29 1717303 98% 

30 1726040 98% 

31 1729963 99% 

32 1752400 100% 

33 1754709 100% 

34 1775274 101% 
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35 1832252 104% 
36 1878601 107% 
37 1879798 107% 
38 1901479 108% 
39 1917714 109% 
40 1923347 110% 
41 1924391 110% 
42 1940544 111% 
43 1942025 111% 
44 1948056 111% 
45 1972597 112% 
46 1973139 112% 
47 1978033 113% 
48 1994316 114% 
49 1995351 114% 
50 2007676 114% 
51 2012897 115% 
52 2015682 115% 
53 2021258 115% 
54 2031544 116% 
55 2052980 117% 
56 2065399 118% 
57 2072952 118% 
58 2110330 120% 
59 2171783 124% 
60 2190563 125% 



3.9.1.3 The Linearity response of TLDs 

It is important in any thermoluminescent dosimetric application to have, if it possible, a 

linear relationship between the TLDs emission and the absorbed dose. 

The linearity zone, if exists, is more or less depending on the material. As well as on the 

reader. 

A typical first order relationship can be written as shown in equation [3-1] 

Y= ax + b [3-1] 

The linearity range, as already mentioned, depends on the particular thermoluminescent 

material. The plot of Eq. [3-1] is a straight line with slop „a„ and intercept „b„ on the Y-

axis. 

The physical meaning of the x and y variables, when use the Eq.[3-1] to describe the 

TLD yield as a function of the dose are: the independent variable x represents the 

absorbed dose D received by the TLD, and the depending variable y is the TL light 

emitted by the dosimeters irradiated at the dose D. 

A subset of chips from LiF:Mg;Cu;P (RG-200A) were selected to be used for linearity 

investigation by exposing with the known dose of Co60 y-ray for 0.6, 1, 1.5, and 2Gy. 

3 TLDs in each group and the average were taken. 

The measurements were performed by placing the TLDs at depth 10 cm in water 
»j 

phantom, with 90 cm SSD, in a 10 x 10 cm radiation field size for photon beam. 

The average doses measured by the TLDs were plotted as function of the irradiation 

value. Signals were recorded are listed in Table (3-2). And the responses are shown in 

Fig (3-5). 
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Table 3. 2 TLDs linearity 

TLD 
group 

Signal(nC) Average Dose(Gy) 

1 377349 

483256 

686290 
515631.7 0.6 

1788161 

1717194 

1694169 

1733174.7 1 

2026673 

3 2740253 2264680.3 1.5 

2027115 

3586520 

3444359 

3380681 
3470430 2 
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3.9.1.4 Fading and UV effect 

Usually, when the Mg, Cu, P is stored at room temperature, there is no fading in two 

months. Even in the high humidity of 95% at room temperature there is no fading. At the 

temperature of 50° C, after 1 month storage, the fading is less than 3%. 

3.9.1.5 Calibration of TLDs 

TLDs as from any detector they need to be calibrated against accurate dosimetric 

references, such as an ionization chamber traceable to an accredited dosimetry calibration 

laboratory and determined the calibration factor use for in vivo dosimetry. 

In this study the TLDs calibrated against farmer chamber (FC 65-G). With Cobalt-60 

photon beam. The ionization chamber was inserted into waterproof sleeve and placed into 

water phantom .The user chamber was aligned with field center and placed at reference 

depth of 10 cm ,SSD equal 90 cm , field size 10x10 and horizontal beam is used and 

irradiated with 2Gy. The chamber was connected to DOSE-1 electrometer; reading was 

corrected for influence quantities, following the IAEA TRS-398 code of practice. Then 

the ionization chamber was removed and TLDs were placed in the same of ionization 

chamber place and irradiated with 2Gy and read by TLD reader. 

3.9.1.6 Filling the charging magazine 

The charging magazine can be distinguished from the discharging magazine by the 

optical diode on the lower end. insert the charging magazine in the charging device .put 

TLD material (chips) into TLD containers (cupels) ,then into the loading magazine .the 

gray and D1 filters were used to reduce the light amount received by the photomultiplier . 

After being read the calibration factor F of each TLD was determined by the following 

equation. 

F = D/ M [3-2] 

where D is ionization chamber reading at reference depth and M is TLD signal. The 

values of TLDs calibration are list in table (3-3) 
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Table 3.3 TLDs calibration factors 

Number of 
TLDs 

Calibration 
Factor (mGy/nC) 

1 0.000584 

2 0.000586 

3 0.000596 

4 0.000568 

S 0.000604 

6 0.000530 

7 0.000581 

8 0.000615 

9 0.000595 

10 0.000570 

11 0.000606 

12 0.000614 

13 0.000602* 

14 0.000576 

15 0.000609 



3.10 The TLD measurement in the Rando phantom 

The Rando phantom with 6 TLDs in place were irradiated with time obtained from TPS 

for tangential beam use for breast irradiation. 

Then all 6 TLDs were taken out from Rando phantom and measured by TLD reader, and 

then compared with calculated dose. 

The comparison of the measured and calculated doses is expressed in terms of percentage 

difference. 

3.11 Dose calculation in TPS for breast irradiation 

3.11.1 Patient position for Set-up in simulator 

• Place board on the table with the pins for the arm and forearm supports snug 

against the table. 

• Position the patient on the board with her arms by her sides and with her shoulder 

joint over the pivot of the arm support. 

• Straighten the patient on the table. 

• Raise the patient's arm and place it into the arm support and wrist support. 

• Adjust the arm support and shoulder to find a position that is comfortable for the 

patient but places her arm out of the way of the tangential fields. Make sure the 

upper arm is well cradled and not binding in the arm support. 

• Raise the patient's head and slip the head platform and headrest into place. Put the 

platform into the set of holes closest to the patient's head position. 

3.11.2Treatment planning and dose calculation for the breast 

irradiation 

Dose calculated in multiple C.T scan, 3 mm distance between adjacent slices in the 

treatment plans studies. 

Daily 266.7cGy prescribed dose was calculated for two tangential beam for breast 

irradiation and entrance dose were calculated for all beams. 

The center slice isodose line was shown in Fig (3.10) and dose volume histogram in Fig 

(3.11) and BEV in Fig (3.12) 
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Fig 3.11 Dose volume histogram 
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3.12 Treatment planning and dose calculation for the brain irradiation 

Dose calculation was preformed for C.T scan, 1 mm distance between adjacent slices in 

the treatment plans studies. 

Daily 200cGy prescribed dose was calculated for three beam (Ant, Pos & Lat F), and 

entrance dose were calculated for all beams, the center slice and the region of interest is 

recognized Fig (3.13) and Fig(3.14) and Fig(3.15) represented the slice before and after 

the center, the does volume histogram was shown in Fig(3.16) and BEV Shown in Fig 

(3.17). 
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Fig (3.14) pervious slice of center slice for Brain irradiation 
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NMH 

Fig(3.15) Next slice of center slice for Brain irradiation 
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Fig 3.17.C BEV for Lat .Field for brain irradiation 
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3.13 The TLD measurement in the breast irradiation 

The TLDs were placed in patient surface irradiated with time obtained by TPS for 

tangential beam use for breast irradiation. Then TLDs were taken from patient and 

measured by TLD reader, and then compared with calculated dose. 

The comparison of the measured and calculated doses is expressed in terms of percentage 

difference. 

3.14 The TLD measurement in the brain irradiation 

The were TLDs placed in patient surface irradiated with time obtained by TPS for all 

beam use for brain irradiation. Then TLDs were taken from patient and measured by 

TLD reader, and then compared with calculated dose. 

The comparison of the measured and calculated doses is expressed in terms of percentage 

difference 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 



Results and discussion 

1. Selection criteria of TLD 

The accuracy of dosimeter measurement is proximity of their expectation value to true 

value of the measure quantity. Result of measurements cannot be absolutely accurate and 

the inaccurate of measurement result is characterized as uncertainty. 

Measurements showed that the accuracy of fifteen TLDs within the ±5%. TLDs out of 

the tolerance should be a voided when used in the in vivo dosimetry. 

The TLDs out of the tolerance may affected by handling, and the sensitivity were became 

less by re-usable. 
« 

2. Linearity test of the TLDs 

The plots of the average dose measured by the TLDs as a function of irradiated value 

were linear with R2of 0.9999 as shown in Fig (3-5). TLDs showed excellent linearity. 

According to equation (3-1) "a" equal 296998 and represents the absolute sensitivity of 

the dosimeter, or with the inverse of calibration factor, and "b" equal 233214 and 

represents the TLDs reading due to intrinsic background for the same dosimeter just 

annealed and not irradiated. 
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3. Fading effect 

Fading factor was consider one because there is no fading, the signals were reading 

direct after measurements. 

4. Calibration factor calculation 

The Table (3-3) shows the calibration factor value of each TLD, the calibration factors 

calculated by using equation (3-2). The value for TLDs element varied from 0.000530 to 

0.000615. 

The calibration factors were used to convert the reading in nC of each TLDs to absorbed 

dose. 
4 

5. The measurement of dose in Rando phantom 

The comparison of the calculated dose by treatment planning system (pinnacle) with the 

measured dose by TLD was shown in Table (3.4) and Fig (3.6). 

Each calculation dose was close to measured one and its within the tolerance level. 
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Table 4.1 percentage difference of the calculated doses compared 
with measured doses for Rando phantom. 

Point Calculated Measured %Difference 
Dose Dose 

Entrance 
dose(Med.T.F) 296.6 279 6 
A (in PTV) 293 274.8 6.6 

B (in PTV) 272.8 257.6 5.9 

C (in lung) 21.2 19.5 8.7 

D (in hurt) 17 15.7 8.3 

F (in lung) 17.9 16.8 6.5 
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Fig 4.2 Calculated & Measured dose Vs % Difference 
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6. The measurement of dose in breast irradiation 

The comparison of the calculated dose by treatment planning system (pinnacle) with 

measured dose by TLD was shown in Table (3.5). 

The calculation dose was close to measured dose and its within the tolerance level 
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Table 4.2 percentage difference of the calculated dose compared 
with measured doses for breast irradiation. 
Point Calculated Measured %Difference 

dose dose 
Entrance 
dose(Med.T.F) 186.3 170.3 9.3 
Entrance 
dose(Lat.T.F) 178.9 164.2 8.9 
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7. The measurement of dose in brain irradiation 

The comparison of the calculated dose by treatment planning system (pinnacle) with 

measured dose by TLD was shown in Table (3.6). 

The calculation dose was close to measured dose and its within the tolerance level 
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Table 4.3 percentage difference of the calculated dose compared 
with measured doses for brain irradiation. 
Point Calculated 

dose 
Measured 
dose 

% difference 

Entrance 
dose (Lat.F) 158.5 146 8.6 
Entrance 
dose(Ant.F) 133.7 124.9 7 
Entrance 
dose(Pos.F) 155.4 142.9 8.7 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 



Conclusion and Recommendations 

5.1 Conclusion 

The delivery of a treatment in radiotherapy requires many sequential, complex steps of 

prescription, imaging, calculation and patient positioning. Every step can contribute to 

the total uncertainty of delivered dose. So it is necessary to check each step. In-vivo 

dosimetry is the only check that is performed during the patient treatment, and since it is 

independent of the calculation method. It is the only method that can trace a number of 

errors. 

A number of errors in the dose delivery to the patients can be detected by means of in-

vivo dosimetry. Parts of these errors are human mistakes in the set-up of the patient, of 

the beam modifying devices and of wrong machine settings. Systematic errors related to 

the machine performance, the dose calculation procedure and the patient set-up have also 

been detected with in-vivo dose measurements. For all these applications it has been 

shown that in vivo dosimetry is a useful tool in the quality assurance program of a 

radiotherapy department. 

TL dosimeters most commonly used in medical applications are LiF:Mg,Cu,P because of 

their tissue equivalence. They are available in various forms (e.g., powder, chips). Before 

they are used, TLDs have to be annealed to erase the residual signal. Well-established 

reproducible annealing cycles should be used including the heating and cooling rates. 

TLDs have to be calibrated before they are used (thus they serve as relative dosimeters). 

To derive the absorbed dose from the TLDs reading a few correction factors have to be 

applied, such as energy correction, fading and non-linearity corrections. Typical 

applications of TLD in radiotherapy are: in vivo dosimetry on patients (either as a routine 

QA procedure or for dose monitoring in special cases, eg., complicated geometries, dose 

to critical organs, total body irradiation, in brachytherapy, etc.). In vivo dosimetry is 

supplementary not mandatory to good clinical QA program. 
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5.2 Recommendations 

In vivo dosimetry is useful tool in quality assurance program of radiotherapy department 

thus the recommendation is to perform it for each patient at least in first fraction. 

Treatment error discovered through in vivo dosimetry should be discussed with 

physician, and, in general, handled as are any other treatment error at the clinic, 

discrepancies exceeding 10% are immediately should be reviewed. 
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In external beam radiotherapy quality assurance is carried out on the 

individual components of treatment chain. The patient simulating 

device, planning system and treatment machine are tested regularly 

according to set protocols developed by national and international 

organizations. Even though these individual system are not tested errors 

which can be made in the transfer between the systems. The best quality 

assurance for the system is at the end of the treatment planning chain. 

In vivo dosimetry is used as a quality assurance tool for verifying 

dosimetry as either the entrance or exit surface of the patient 

undergoing external beam radiotherapy. It is a proven reliable methoc 

of checking overall treatment accuracy, allowing verification o1 

dosimetry and dose calculation as well as patient treatment setup 

Accurate in vivo dosimetry is carried out if diodes anc 

thermoluminescence dosimeters (TLDs), the main detector types in use 

for in vivo dosimetry, are carefully calibrated and the factors 

influencing their sensitivity are taken into account. 

Purpose: 

The aim of this study was to verify response of TLDs lype(LiF 

Mg;Cu;p)use in radiotherapy , to establish calibration procedure foi 

TLDs and to evaluated entrance dose obtained by the treatment 

planning system with measured dose using thermoluminescence 

detectors. 

Materials and methods: Calibration of the TLD were done using 

Cobalt-60 teletherapy machine, linearity and calibration factor were 

determine. Measurements were preformed in rando phantom for breas! 
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irradiation (For the breast irradiation technique considered, wedge fielc 
was used). All TLD were processed and analyzed at RICK. 

Conclusion: In vivo dosimetry represents a technique that has beer 
widely employed to evaluate the dose to the patient mainly ir 
radiotherapy. 

Thermoluminescent dosimeters are considered the gold stander for ir 
vivo dosimetry and do not require cables for measurements which art 
makes them ideal for mail based studies ,and have no dose rate 01 
temperature dependence ,hut their use is time consuming. 

TLD as from any detector they need to be calibrated against an accurate 
dosimetric reference, such as an ionization chamber and determined th« 
calibration factor. 

We conclude that using TLDs for in vivo dosimetry requires carefu 
handling and proper calibration for accuracy in the measurements. 
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