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Abstract  

 

This work was performed in the frame of a Coordinated Research Project (CRP) with IAEA 

whose objective was to extend the scope of activities carried out by national TLD-based 

networks from dosimetry audit for rectangular radiation fields to irregular and small fields 

relevant to modern radiotherapy. External audit is a crucial element in QA programmes for 

clinical dosimetry in radiotherapy, therefore a methodology and procedures were developed 

and were made available for dose measurement of complex radiotherapy parameters used for 

cancer treatment. There were three audit steps involved in this CRP: TLD based dosimetry for 

irregular MLC fields for conformal radiotherapy, dosimetry in the presence of heterogeneities 

and 2D MLC shaped fields relevant to stereotactic radiotherapy and applicable to dosimetry for 

IMRT. In addition, a new development of film-based 2D dosimetry for testing dose 

distributions in small field geometry was included. The plan for each audit step involved a pilot 

study and a trial audit run with a few local hospitals. The pilot study focused on conducting 

and evaluation of the audit procedures with all participants. The trial audit run was the running 

of the audit procedures by the participants to test them with a few local radiotherapy hospitals. 

This work intends to provide audits which are much nearer clinical practice than previous 

audits as they involve significant testing of TPS methods, as well as verifications to 

determinate whether hospitals can correctly calculate dose delivery in radiation treatments. 

 

Keywords: external audit radiotherapy; complex treatment audit.  
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1.- INTRODUCTION 

 

There have been previous CRPs conducted by IAEA which have established and tested a 

framework for operating national audit networks for radiotherapy dosimetry and developed 

methodology and procedures for TLD-based beam dosimetry checks in those networks. 

Guidelines were made available on how to structure External Audit Groups (EAGs), to 

have a strong involvement and collaboration of clinical medical radiotherapy physics 

representatives, Secondary Standards Dosimetry Laboratories (SSDLs) and the TLD 

measuring centre.  

 

The previous CRPs established an approach to radiotherapy dosimetry audit that was based 

on audits of increasingly complex steps and parameters in the dosimetry infrastructure of a 

radiotherapy centre, where each audited centre must successfully complete the preceding 

level before moving on to audits at a subsequent level. There was then a clear rationale, 

relevant to radiotherapy accuracy, quality and safety, for continuing to a next step of 

auditing more complex situations, including more complex parameters that would be 

involved in clinical patient treatments. This is increasingly important, with a rising demand 

and need for such audits, as the technology for radiotherapy becomes more complex, as 

equipment features and designs evolve, and also with the implementation of more complex 

treatment techniques based on this and on improving knowledge.  

 

New linear accelerators currently being acquired by radiotherapy centers have multi-leaf 

collimators (MLC) for beam shaping and for normal tissue sparing from radiation, making 

conformal radiotherapy much more easily and widely available. Significant numbers of 

centers have the capability for small field stereotactic radiotherapy treatment. This can be 

provided by a range of devices, including the use of smaller-leaf MLCs. More treatment 

machines are being installed with the capability for new treatment techniques such as 

intensity modulated radiotherapy (IMRT). 

 

Increasingly complex treatments require more sophisticated modeling by the treatment 

planning system (TPS) for the differences in radiation dose deposition due to 
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heterogeneities in body composition, particularly lung but also bone, in order to optimally 

make use of the capabilities of more complex treatments and equipment. 

 

NATIONAL FRAMEWORK IN RADIOTHERAPY 

 

There is a national data base for radiation therapy is available in Argentina. A continuous 

updating of this data base is made in order to cover the real situation. There are about 100 

radiation therapy centers (state and private centers), operating 37 cobalt 60 units and 80 

linear accelerators with high energy photon and electron beams. The highest nominal 

energy available for photons is 18 MV, and half of them with a 6 MV nominal energy. 

The framework used to position the reality of Argentina comes from various sources such 

as: the updated data base existing for radiotherapy centers, results of the 2010 Census by 

the National Institute of Statistics and Censuses (INDEC) and annual reports published by 

Nuclear Regulatory Authority (ARN). 

 

Among the 80 accelerators currently installed in the country, only 20% are digital with 

MLC. Only one half of these has record and verify systems. While the percentage of these 

technologies is still low, the market shows itself dynamic and the main growth has 

occurred in the last 3 years. There is a clear trend toward increased demand satisfaction 

through the incorporation of advanced technologies, such as IGRT, record and verify 

systems, portal dosimetry, among others. In this sense, it would be desirable to generate 

public and private initiatives to improve public access to advanced radiation therapy 

techniques, taking into consideration the geographical distribution, updating in parallel the 

existing legislation targeting active aspects of radiation protection, including the 

establishment of minimum standards required for new installations. 

 

No audits are yet available within the national audit network framework for these more 

complex treatment techniques, or for the relevant complex treatment parameters which are 

involved. A new CRP was proposed, which was intended to build upon the work of the 

previous two CRPs and extend the scope of those participating national audit networks to 

these clinically relevant more complex situations. The audits proposed in the new CRP 
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were much nearer clinical practice than previous audits and involved significant testing of 

TPS and methods, as well as dose delivery, and as such required detailed involvement of 

clinical radiation oncology physicist members of the EAGs in the national networks. 

 

Since 1978 the External Audit Group (EAG) of the Regional Reference Center with 

Secondary Standards for Dosimetry in Argentina, which is a Secondary Standard 

Dosimetry Laboratory (SSDL), conducts a national program for verification of dose 

delivered by high energy radiotherapy beams in treatment centers using thermoluminescent 

dosimeters (TLDs). This service currently provides dose verification for rectangular fields 

of different sizes and at the presence of wedge for cobalt 60 therapy units and linear 

accelerators operating in the country. Applied methodology is similar to that of the IAEA 

TLD service. 

 

This SSDL was established in 1968 by an agreement between the World Health 

Organization and the National Atomic Energy Commission (CNEA) in cooperation with 

the International Atomic Energy Agency. This SSDL is a member of the IAEA/WHO 

SSDLs Network. This is the unique laboratory in Argentina where metrological activities 

in the field of radiation dosimetry are made to assure traceability of radiation 

measurements to the international system. The SSDL is the delegated laboratory for 

dosimetry standards.  

 

 The EAG organizes and carries out routine TLD external audits in reference and non-

reference conditions on axis, in the central point of a beam for high energy photon beams. 

Three or four runs are held per year, checking 20-25 beams each run.The mailed TLD 

check is performed for all beam energies in clinical use and all treatment units in each 

individual hospital. After each TLD audit is performed the dose deviation and the data 

sheet of participants are analyzed. If the dose deviation is larger than 5%, the causes of 

discrepancy are investigated. A direct communication with the participants is made if the 

information given in the data sheet is no sufficient to get a conclusion about the reasons of 

the discrepancy.  If the causes of the discrepancy are not detected and the dose deviation is 

not larger than 10% the participant is included in the next audit without making any change 
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in the beam dosimetry.  If the causes of the discrepancy are not detected and the deviation 

is larger than 10% the participant is required to recalibrate the machine before included in 

the next run.  

 

The aim of this work was to extend this program by developing a new audit methodology 

and procedures on three audit steps involved in the frame of this CRP: TLD based 

dosimetry audits for irregular MLC fields for conformal radiotherapy, dosimetry in the 

presence of heterogeneities and 2D MLC shaped fields relevant to stereotactic radiotherapy 

and applicable to dosimetry for IMRT. The plan for each audit step involved a pilot study 

and a trial audit run with a few local hospitals. 

  

2.- MATERIALS AND METHODS 

 

TLD BASED DOSIMETRY AUDITS FOR IRREGULAR MLC FIELDS 

 

This step included measured checks of dose variation with field sizes and shapes defined 

by an MLC at 10 cm depth in water, including the use of a wedge for one of the MLC 

shapes. The seven various field sizes and shapes defined by the MLC can be seen in figure 

1. It was requested to provide TPS calculated absorbed dose values at a depth of 10 cm in 

water for each of the MLC shapes in order to evaluate the consistency of data in clinical 

use by comparing the calculated doses to the measured dose values determined with the 

TLD quality audit. 
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Field 1: Reference beam 

output         

Field 2: MLC small field

                                                                    

Field 3: MLC Inverted Y

       

        

Field 4:MLC“Circular”field Field 5:MLC “Irregular” 

field                                   

Field 6: MLC “Irregular” 

field with wedge

     

 

Field 7:  Small rectangular field  

Figure 1.- Seven MLC shaped fields 

 

Pilot irradiations were performed using a Varian Clinac 23EX treatment unit with 6 MV 

beam energy. The Treatment Planning System was Eclipse Ver.7.3.10. The IAEA holder 

was used to irradiate the TLD capsules. Two capsules were irradiated in 10 cm x 10 cm 

reference beam output. One capsule was irradiated in each of the other conditions: 5 cm x 

5 cm small field, 5.6 cm Φ circular field, 10 cm x15 cm inverted Y field, 7.5 cm x 10 cm 

irregular field, 7.5 cm x 10 cm irregular wedge field, and 2 cm x 5 cm small rectangular 

field. All irradiations were performed at 2 Gy under SAD conditions.  Measurements with 

an ionization chamber were carried in order to determine the absorbed dose to water for 

each MLC shaped beam before and after each irradiation. The equipment used to perform 
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these measurements was a 0.3 cm
3 

ionization chamber PTW TN31013 and an electrometer 

Keithley 6517, both of them belonging to the SSDL. 

 

The trial audit run was the running of the audit procedures by the participants to test them 

with a few local radiotherapy hospitals. Six hospitals with high energy X-ray beams were 

invited to irradiate a set of capsules at 10 cm depth in water with field sizes and shapes 

defined by MLC. The irradiations were performed as indicated in Instruction Sheets. 

Forms to be filled by participants were prepared following the recommendations given 

during a coordinated meeting. Participating hospitals were requested to provide TPS 

calculated absorbed dose values at depth of 10 cm in water for each of the MLC shapes in 

order to evaluate the consistency of data by comparing the calculated doses to the 

measured dose values determined with the TLD quality audit. All the participants 

irradiated in 6 MV beams as this is the most used energy in radiation therapy treatments. 

 

DOSIMETRY IN THE PRESENCE OF HETEROGENEITIES 

 

This step included checks of dose calculation in the presence of two heterogeneities, lung 

and bone, at a physical depth of 10 cm in a polystyrene phantom as shown in figure 2. To 

perform this quality audit, a solid polystyrene phantom was developed. The phantom had 

the overall dimensions of 15 cm x 15 cm x 15 cm and one of the 2 cm slabs accommodated 

TLD on the central axis. In addition to the polystyrene slabs, a 15 cm x 15 cm x 5 cm slab 

of lung equivalent material and a 15 cm x 15 cm x 2 cm slab of bone equivalent material 

were included. A TLD was placed at a physical depth of 10 cm and was always 1 cm 

downstream (away from the target) from the posterior edge of the heterogeneity. There 

were also 5 cm of phantom beyond the TLD for adequate scatter conditions. The three 

solid phantom configurations, polystyrene only, polystyrene plus lung equivalent material 

and polystyrene plus bone equivalent material, were all imaged with a CT scanner and the 

images exported to the TPS to provide dose values using heterogeneity corrections. The 

TLD measured absorbed doses were compared to the dose calculations from the TPS for 

each of the phantom setups at the location of the TLD. 
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Pilot irradiations were performed with a Varian 2100, in 6 MV beam energy. The 

Treatment Planning System used was XIO software version 4.5. The heterogeneity 

correction algorithm used for the calculation was Superposition. Prior to irradiation of the 

TLDs, each phantom configuration was imaged with the CT scanner and the acquired 

images were exported to the TPS. For the imaging procedure, the TLD slot was filled with 

a “red imaging capsule” to remove the effect of the air cavity. The dose distribution was 

calculated from the TPS for a 6 cm x 6 cm field under SAD conditions. The irradiation 

time was calculated to deliver 2 Gy to the TLD positioned at a depth of 10 cm. The dose to 

the TLD located in the lung phantom material was recorded from the treatment plan. Once 

TPS calculations were done, irradiations proceeded: solid homogeneous polystyrene 

phantom irradiation, solid heterogeneous polystyrene/lung phantom irradiation, and solid 

heterogeneous polystyrene/bone irradiation. The TLD at a physical depth of 10 cm was 

given 2 Gy according to the calculation using a 6 cm x 6 cm field size for each phantom set 

up. At the same time, a TLD inserted in the lung phantom material at 1 cm off-axis, was 

also irradiated. These procedures were performed twice. 
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Figure 2.- The three solid phantom configurations, polystyrene only, polystyrene plus lung 

equivalent material and polystyrene plus bone equivalent material 

 

Three centers were invited to participate in the trial audit run. Each phantom configuration 

was imaged with the CT scanner and the acquired images were exported to the TPS. Dose 

distribution was calculated from the TPS for a 6 cm x 6 cm field and the irradiation time 

was calculated to deliver 2 Gy to the TLD positioned at a depth of 10 cm. The dose to the 

TLD located in the lung phantom material was recorded from the treatment plan. 

 

2D PROFILE QUALITY AUDIT FOR SMALL PHOTON MLC SHAPED FIELDS 

SIZES 

 

This step included checks of the dose and dose distribution profile calculations performed 

by the TPS for two field sizes shaped with the MLC shaped fields in the inplane and 

crossplane directions, at a physical depth of 10 cm in the polystyrene phantom used in 

previous step as shown in figure 3.   
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 Figure 3.- Solid polystyrene phantom 

 

Radiochromic film was used to perform this quality audit. The film analysis methodology 

included handling of the film, irradiation of the film with known reference points marked 

on the film, scanning of the irradiated film with a flatbed scanner and creating relative dose 

profiles normalized to the central axis value from the measures and TPS calculated dose 

values. The measured dose profiles were compared to the dose distribution determined by 

the TPS in the same planes of calculation as determinate with the radiochomic film. 

 

Pilot irradiations were performed with a Varian 2100 C, in two beam energies: 6 MV and 

10 MV. The Treatment Planning System used was XIO software version 4.5. Prior to 

irradiation of the film, the solid polystyrene phantom assembled with no film cassette/slab 

present but replaced by a solid slab, was imaged with the CT scanner and the acquired 

images were exported to the TPS. The dose distribution was calculated from the TPS for a 

2 cm x 5 cm and a 2 cm x 2 cm field shaped with MLC at a depth of 10 cm on the central 

axis of the photon beam under SAD conditions. Dose profiles through the central axis in 

the inplane and crossplane direction were generated from the TPS calculations. The 

treatment plan was generated to deliver 2 Gy to the location of the TLD on the central axis. 

Other two treatment plans were also generated respectively, to deliver 8 Gy to the location 

of the film plane on the central axis at a depth of 10 cm. After CT scanning and TPS dose 

calculations, irradiations of the TLD and radiochromic films contained in cassettes, were 

performed. 

 

A TLD, at a physical depth of 10 cm depth in the solid homogeneous polystyrene phantom, 

was irradiated to be given 2 Gy according to the calculation using a 2 cm x 5 cm field size 
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shaped with the MLC for the phantom setup shown in figure 4. The longitudinal axis of the 

TLD was placed parallel to the long dimension of the MLC field.  

                                     

Figure 4.- The solid polystyrene phantom showing the irradiation of the TLD. 

 

Radiochromic films, at a depth of 10 cm, were irradiated to deliver 8 Gy on the beam axis 

according to the calculations using 2 cm x 5 cm, and 2 cm x 2 cm field sizes shaped with 

the MLC for the phantom setup shown in figures 5. 

 

      

Figure 5.- The solid polystyrene phantom showing the irradiation of the film with 2 cm x 5 

cm and 2 cm x 2 cm MLC shaped field. 

 

 

A radiochromic film at a depth of 10 cm was irradiated to deliver 8 Gy on the beam axis 

according to the calculations using a 2 cm x 2 cm field size shaped with the MLC for the 

phantom setup shown in figure 5. 
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For this step, trial audit run with a small number of hospitals was not performed. 

 

3.- RESULTS 

 

TLD DOSIMETRY AUDITS FOR IRREGULAR MLC FIELDS-RESULTS 

 

The results for TLD based dosimetry audits for irregular MLC fields, including those 

corresponding to the pilot irradiation, are summarized in the next tables and in Figure 6.  

D (TPS): is the dose calculated with TPS 

D (IC): is the dose determined by ionization chamber 

D (TLD): is the dose determined by TLD 

D (TLD) / D (TPS): is the ratio between the dose determined by TLD and the dose 

calculated with TPS 

 

Table 1.- TLD based dosimetry audits for irregular MLC fields 10 cm x 10 cm 

 

      

Energy  Participant No. 

D (TPS) 

[Gy] 

D (IC) 

[Gy] 

D (TLD) 

[Gy]  

D (TLD) /  

D (TPS) 

6 MV 

1 2.000 2.023 2.003 1.002 

2 2.000   2.041 1.021 

3 2.000   2.067 1.034 

4 2.000   1.979 0.989 

5 2.000   2.160 1.080 

6 2.000   1.972 0.986 

7 2.000   1.996 0.998 

 

Mean 2.000 2.023 2.031 1.016 

 

Std Dev (%) 0.0 

 

3.3 3.3 

      
      
      

      

Energy  Participant No. D(TPS) [Gy] 

D(IC) 

[Gy] 

D(TLD) 

[Gy]  D(TLD)/D(TPS) 

6 MV 

1 2.000 1.991 1.943 0.972 

2 2.000   2.001 1.001 

3 2.000   2.076 1.038 

4 2.000   1.943 0.971 

5 2.000   2.145 1.073 

6 2.000   1.972 0.986 
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Table 2.- TLD based dosimetry audits for irregular MLC fields 5 cm x 5 cm 

 

Table 3.- TLD based dosimetry audits for irregular MLC fields 5.6 cm Φ 

 

Table 4.- TLD based dosimetry audits for irregular MLC fields Inv. Y, 10 cm x 15 cm 

 

 

7 2.000   2.001 1.000 

 

Mean 2.000 1.991 2.012 1.006 

 

Std Dev (%) 0.0 

 

3.7 3.7 

      
      
      

Energy  Participant No. D(TPS) [Gy] 

D(IC) 

[Gy] 

D(TLD) 

[Gy]  D(TLD)/D(TPS) 

6 MV 

1 2.000 2.011 1.959 0.980 

2 2.000   2.017 1.008 

3 2.000   2.090 1.045 

4 2.000   2.008 1.004 

5 unexposed       

6 2.000   2.030 1.015 

7 2.000   1.962 0.981 

 

Mean 2.000 2.011 2.021 1.005 

 

Std Dev (%) 0.0 

 

2.3 2.4 

      
      
      

Energy  Participant No. D(TPS) [Gy] 

D(IC) 

[Gy] 

D(TLD) 

[Gy]  D(TLD)/D(TPS) 

6 MV 

1 2.000 2.028 2.006 1.003 

2 2.000   2.079 1.039 

3 2.000 - 2.025 1.012 

4 2.000 - 1.980 0.990 

5 2.000 - 2.157 1.079 

6 2.000 - 1.993 0.997 

7 2.000 - 2.008 1.004 

 

Mean 2.000 2.028 2.035 1.018 

 

Std Dev (%) 0.0 

 

3.1 3.1 

      
      
      

Energy  Participant No. D(TPS) [Gy] 

D(IC) 

[Gy] 

D(TLD) 

[Gy]  D(TLD)/D(TPS) 

6 MV 

1 2.000 2.018 1.956 0.978 

2 2.000   2.027 1.013 

3 2.000   2.048 1.024 

4 2.000   1.982 0.991 

5 unexposed       
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Table 5.- TLD based dosimetry audits for irregular MLC fields Irregular Open, 7.5 cm x 10 cm 

 

 

Table 6.- TLD based dosimetry audits for irregular MLC fields Irregular Wedge, 7.5 cm x 10 cm 

 

 

Table 7.- TLD based dosimetry audits for irregular MLC fields 2 cm x 5 cm 

 

 

6 2.000   1.911 0.956 

7 2.000   2.003 1.001 

 

Mean 2.000 2.018 1.988 0.994 

 

Std Dev (%) 0.0 

 

2.5 2.5 

      
      
      

Energy  Participant No. D(TPS) [Gy] 

D(IC) 

[Gy] 

D(TLD) 

[Gy]  D(TLD)/D(TPS) 

6 MV 

1 2.000 2.017 2.013 1.007 

2 2.000   2.022 1.011 

3 2.000   2.055 1.028 

4 2.000   1.888 0.944 

5 2.000   2.211 1.106 

6 2.000   1.939 0.970 

7 2.000   1.955 0.977 

 

Mean 2.000 2.017 2.012 1.006 

 

Std Dev (%) 0.0 

 

5.2 5.2 

      
      
      

Energy  Participant No. D(TPS) [Gy] 

D(IC) 

[Gy] 

D(TLD) 

[Gy]  D(TLD)/D(TPS) 

6 MV 

1 2.000 2.034 2.021 1.011 

2 2.000   2.063 1.032 

3 2.000   2.112 1.056 

4 2.000   1.937 0.968 

5 unexposed       

6 2.000   1.936 0.968 

7 2.000   2.034 1.017 

 

Mean 2.000 2.034 2.017 1.009 

 

Std Dev (%) 0.0 

 

3.5 3.5 
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Figure 6.- Photon Beams shaped with MLC 

 

 

DOSIMETRY IN THE PRESENCE OF HETEROGENEITIES-RESULTS 

 

The results, including those corresponding to the pilot irradiation, are summarized in the 

next tables and in Figure 7. 

P: TLD dose in solid homogeneous polystyrene phantom configuration  

LP: TLD dose in solid heterogeneous polystyrene/lung phantom configuration  

LL: inserted TLD dose in lung phantom material off-axis   

BP: TLD dose in solid heterogeneous polystyrene/bone phantom configuration 

 

Participant 

number 

P LP LL BP 

D(TLD) 

[Gy] 

D(TPS) 

[Gy] 

D(TLD) 

[Gy] 

D(TPS) 

[Gy] 

D(TLD) 

[Gy] 

D(TPS) 

[Gy] 

D(TLD) 

[Gy] 

D(TPS) 

[Gy] 

1 2.030 1.998 1.950 2.000 2.180 2.223 1.990 2.000 

2 1.969 2.000 1.975 2.000 2.231 2.234 1.935 2.000 

3 1.909 2.000 1.948 2.000 2.047 2.158 1.883 2.000 

4 1.924 1.998 1.945 1.990 2.011 2.199 1.923 1.997 
 

Table 8.- Dose-TLD based dosimetry audits in the presence of heterogeneities 
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Participant 

number 

D(TLD)/D(TPS) 

P LP LL BP 

1 1.016 0.975 0.981 0.995 

2 0.985 0.987 0.999 0.968 

3 0.955 0.974 0.949 0.942 

4 0.963 0.977 0.914 0.963 

Mean 0.980 0.978 0.961 0.967 

Std Dev (%) 2.8 0.6 3.9 2.3 
     

Table 9.- Dose ratio-TLD based dosimetry audits in the presence of heterogeneities 

 

                                   

FIG.7. - Photon Beams in the presence of heterogeneities 

 

2D PROFILE QUALITY AUDIT FOR SMALL PHOTON MLC SHAPED FIELDS 

SIZES-RESULTS 

 

The results are summarized in the next tables: 

 

Beam Field size 
D(TPS) 

[Gy] 

D(TLD) 

[Gy] 

% 

deviation 

relative to 

TLD dose 

D(TLD) / 

D(TPS) 

6 MV 2 cm x 5 cm 2.00 1.98 1.5 0.99 

  
 

2.00 1.97     

10 MV 2 cm x 5 cm 2.00 1.96 1.5 0.99 

    2.00 1.98     
 

Table 10.- 2D profile quality audits- comparison between dose distribution determined by the       

TPS and dose determined by TLD. 
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In-plane profile 

TPS field size  [mm]                                             Film field size  [mm]                                            Film - TPS  [mm]                                             

Rel. Dose Rel. Dose Rel. Dose 

6MV  2 cm x 2 cm 

80% 50% 20% 80% 50% 20% 80% 50% 20% 

16.4 20.1 23.9 16.5 19.4 22.7 0.1 -0.7 -1.2 

6MV  2 cm x 5 cm 

80% 50% 20% 80% 50% 20% 80% 50% 20% 

45.4 50.0 54.6 46.7 49.5 52.8 1.3 -0.5 -1.8 

10 MV  2 cm x 2 cm 

80% 50% 20% 80% 50% 20% 80% 50% 20% 

16.1 20.2 25.0 16.5 19.6 23.9 0.3 -0.6 -1.1 

10 MV  2 cm x 5 cm 

80% 50% 20% 80% 50% 20% 80% 50% 20% 

 44.8 49.9  55.1  46.0  49.5  54.0  1.2  -0.5  -1.0  
 

Table 11.- 2D profile quality audits- comparison between dose profile distribution determined by 

the TPS and dose determined by film. In-plane profile. 

 

Cross-plane profile 

TPS field size  [mm]                                             Film field size  [mm]                                            Film - TPS  [mm]                                             

Rel. Dose Rel. Dose Rel. Dose 

6MV  2 cm x 2 cm 

80% 50% 20% 80% 50% 20% 80% 50% 20% 

16.4 20.1 24.0 17.4 20.5 23.8 1.1 0.4 -0.1 

6MV  2 cm x 5 cm 

80% 50% 20% 80% 50% 20% 80% 50% 20% 

16.3 20.2 24.5 17.7 20.7 24.5 1.4 0.5 0.0 

10 MV  2 cm x 2 cm 

80% 50% 20% 80% 50% 20% 80% 50% 20% 

16.1 20.2 25.0 17.3 20.7 25.0 1.2 0.5 0.0 

10 MV  2 cm x 5 cm 

80% 50% 20% 80% 50% 20% 80% 50% 20% 

15.9 20.3 25.6 17.1 20.7 25.7 1.2 0.4 0.1 
 

Table 12.- 2D profile quality audits- comparison between dose profile distribution determined by 

the TPS and dose determined by film. Cross-plane profile. 

 

 

4.- DISCUSSION 

 

Pilot and trial audits for step: TLD Quality Audits for photon beams with an MLC, and 

step: TLD Quality Audits for photon beams in the presence of heterogeneities, have been 

performed. Only a pilot audit has been carried out for step: 2D Profile Quality Audit for 

small photon MLC shaped fields sizes. 

 

 Six of sixteen hospitals owning treatment units with MLC, have been audited for 6 MV 

photon beams shaped with an MLC. TLD and TPS doses ratios were in general within the 

accepted ±5% deviation (that is interval 0.95-1.05), except for one hospital. This hospital, 

identified as number 5, performed just two of the seven stipulated irradiations. For 
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participant identified as number 3, deviation in 2 cm x 5 cm MLC field was higher than 

5%. In the case of participants identified as 4 and 6, it can be observed that TLD and TPS 

doses ratios for different MLC shape fields are widely spread. In general, positioning of the 

TLDs in each field configuration using the IAEA holders was not difficult.  

 

Regarding TLD Quality Audits for photon beams in the presence of heterogeneities, two 

participating centres got results beyond interval 0.95-1.05. As it can be seen from figure 7, 

there is a bias in the TLD and TPS doses ratios, most of them are below 1.00. This suggests 

the possibility that an inaccurate TLD system calibration has been performed.  Instructions 

and irradiation forms have been accepted by participants. No comments and no suggestions 

have been received from them. 

 

The pilot audit for step: 2D Profile Quality Audit for small photon MLC shaped fields sizes 

was carried out with one hospital. The irradiated radiochromic films were sent to IAEA to 

be scanned on a flat bed scanner in a Film Measurement Centre. The dose distributions 

generated using the dose response curve for the film batch, were also performed in the Film 

Measurement Centre. The results for TLD and TPS doses ratios are 0.99 for both energies. 

The difference between TPS and film profiles are comprised between -1.8 mm and 1.3 mm 

for In-plane profile, and between -0.1 mm and 1.4 mm for Cross-plane profile, which 

represents a good agreement between the measured and calculated profiles. 

 

 

 

5.- CONCLUSIONS 

 

The main objective of this work was fulfilled. A new methodology and procedures on the 

three audits: TLD based dosimetry audits for irregular MLC fields for conformal 

radiotherapy, dosimetry in the presence of heterogeneities and 2D MLC shaped fields 

relevant to stereotactic radiotherapy, were developed and tested. Instructions and irradiation 

forms were written. External audits for complex treatment techniques in radiotherapy will 

be routinely implemented, though a new trial with more hospitals participating would be 
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convenient in order to improve the overall proceedings. A Film Measurement Centre will 

be installed by the External Audit Group to perform 2D dose distribution analysis. The film 

analysis methodology will include handling and irradiation of the film, as well as scanning 

of the irradiated films, and creating relative dose profiles to be compared to the dose 

distribution determined by the TPS in the same planes of calculation as determined with the 

radiochromic film. 

 

 

Acknowledgments 

To J. Izewska and G. Azangwe form the IAEA Dosimetry and Radiation Medical Physics 

Division, for their great collaboration during the CRP.. 

 

To hospitals that participated in the pilot audits: Dr. Juan P. Garrahan Children's Hospital, 

Ceditrin Center, Vidt Medical Center S.A. 

  

To Heads and Medical Physicists of hospitals that participated in the pilot and trial audits. 

Their collaboration will allow the implementation of new steps in TLD audits. 

 

 

REFERENCES 

IAEA, Coordinated Research Programme CRP E2.40.07, “Development of a Quality 

Assurance Programme for Radiation Therapy Dosimetry in Developing Countries”, 

1996-1998. 

IAEA, Coordinated Research Programme CRP E2.40.12: “Developement of TLD-based 

Quality audits for Radiotherapy Dosimetry in Non-Reference Conditions”, 2002-

2006 

IAEA, Coordinated Research Programme CRP E2.40.16: “Development of Quality Audits 

for Radiotherapy Dosimetry for Complex Treatment Techniques”, 2009-2012. 

 


