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A comprehensive and adequate quality assurance (QA) program is a crucial factor in minimizing gross 
errors and in reducing uncertainties caused during any o f consecutive steps o f radiation therapy process. 
Since 1997, the measuring centre o f National Radiation Protection Institute in Prague (NRPI) has been 
performing TLD audit in external beam radiation therapy via mailed TL dosimeters, as a part of 
comprehensive QA program. The objective of TLD audit is to check dose delivery accuracy at radiation 
therapy centers and to inform the State Office for Nuclear Safety (SONS) on the situation. The flexibility 
of the method enables NRPI to inspect each centre at least once every two years. 

Materials and methods 

The number o f radiation therapy centers in the Czech Republic is 32 at present and they are running 60 
high energy external beam radiation therapy units. There are 14 137Cs, 21 6 0Co irradiators and 25 linear 
accelerators (15 Varian, 4 Siemens and 6 Elekta machines) currently in use. 14 linacs are equipped with 
multileaf collimators (9 Varian, 1 Siemens and 4 Elekta machines). 

Lithium fluoride powder LiF:Mg,Ti (type MT-N produced by TLD Poland) is used for the Czech TLD 
quality assurance network. The use o f powder material makes measurements precise enough for the 
purpose of quality control in radiation therapy. Before irradiation, powder is distributed in opaque 
cylindrical polyethylene waterproof capsules identical to those used within the IAEA/WHO TLD postal 
program. Irradiated powder is dispensed into metallic containers small enough to be put onto the reader's 
planchette - each capsule provides 9 or 10 identical samples. Harshaw manual reader model either 4000 or 
4500 are used. The TL responses o f the identical samples previously irradiated to 2 Gy show Gaussian 
distribution with coefficient of variation for individual TL readings o f 1.9%. 
The calibration factor KCAL, is stated through the reference dosimeters irradiated to 2 Gy in the SSDL 60Co 
beam under reference conditions (water phantom, depth of 5 cm, distance of 100 cm from the source and 
radiation field o f 10 x 10 cm2) using the IAEA standard holder. In order to determine the absorbed dose to 
water from the TLD reading, further correction factors have to be applied: The energy correction factor, 
£en, is applied for the quality of the investigated beam different from 60Co beam. The dose response 
linearity correction factor, KVM, becomes necessary when the measured dose differs from the reference 
value of 2 Gy significantly. Fading correction factor, KM, is meaningful only i f the system calibration is 
performed at different time than the irradiation at radiation therapy centre. Correction factors are 
determined separately for each batch of powder, in accordance with published methodologies. If R is the 
TLD reading, then the absorbed dose to water is 

D = R KCAI KVM KFATI KEN 

The total uncertainty of the determination of D at 1 SD is 1.5 % for 60Co beams, 1.9 % for X-ray beams 
and 2.3 % for electron beams. 
The accuracy of the TLD measurements has been confirmed several times by means of both national and 
international comparisons. 

The audited radiation therapy centre is provided with a set of TLD capsules, an instruction sheet and a 
data sheet to enter details on the centre, the treatment unit, other dosimetry equipment and details on TLD 
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irradiation. Photon and electron standard IAEA holders were distributed to all Czech radiation therapy 
centers. Dosimeters need to be irradiated the within a defined time window. At the same time, the TLD 
system is calibrated. 

The basic mode of the TLD audit is done for both photon and electron beams that are used clinically at 
least once every two years. Absorbed dose on radiation beam axis in the reference field of 10 x 10 cm2 in 
an appropriate water phantom with common SSD or SAD set-up is checked. The required depth depends 
on the beam quality. The dose to the TLD must be 2 Gy. 

The advanced mode - Multi-Purpose Phantom (MPP) tests for high energy photon beams - has been 
performed as a research project, checking dose delivery accuracy both on and off radiation beam axis for 
seven treatment set-ups using the multipurpose phantom. It simulates the process done with patients, 
starting with CT scans and data acquisition to treatment planning system, followed by the irradiation in 
accordance with the calculated plan. MPP audit is relatively time consuming, concerning both preparation 
at the radiation therapy centre and measurement and evaluation of the TLDs. It is done on SONS' or 
center's request. 

The advancement and improvement of radiation therapy equipment like conformal radiation therapy with 
computer controlled multileaf collimators deserve further extension of quality assurance programs, 
including independent TLD audit - MultiLeaf Collimator (MLC) tests for high energy X-ray beams are 
used to inspect dose delivery accuracy in a few simple MLC set-ups on radiation beam axis. The depth 
should be 5 or 10 cm, depending on the beam quality - the IAEA holder is used, common SSD or SAD, 
field size of 10 x 10 cm2 and the dose to TLD of 2 Gy are required. MLC measurements have been 
performed for all MLC-equipped linacs within a pilot study and, since 2005, this type of audit has been 
applied together with the basic audit, further it is supposed to be done on SONS' or center's request. As a 
result of the pilot study, the number of checked MLC set-ups was reduced from eight to four, the rest was 
found redundant. 

The deviations between dose DS stated by the radiation therapy centre and dose DTLD measured via TLDs, 

AN = D]W~DS -100%, 
D s 

is determined. For basic mode of TLD audit, MLC audit and most of MPP audit (measurements on 
radiation beam axis and without wedges), tolerance level is set to ± 3 %. For more complicated set-ups of 
MPP audit, the tolerance level is set to ± 5 %. As for basic TLD audit, deviations between ± 3 % and 
± 6 % are considered as minor and the audit is repeated. If deviation exceeds ± 6 % (major deviation) - the 
centre is required to investigate the situation and to explain possible causes and the audit is done again. 
The emergency level is 10 %. For the advanced modes of TLD audit, the deviations are treated 
individually. 

Results and discussion 

Since 1997, a total of 639 photon and electron beams have been audited. The mean of deviations AD for 
the basic mode of TLD audit is 0.1 % (S.D. [%] = 2.8), the average of absolute values of deviations is 
1.9 %. 84 % of results show deviations up to ± 3 %; 95 % meet the criteria of ± 5 % used by both ESTRO 
- EQUAL and IAEA TLD postal program. Emergency level was exceeded four times only (one betatron 
beam, one 60Co beam and two 137Cs beams), and all those cases happened between 1997 and 1999. 

As for the MPP mode of TLD audit, 11 photon beams have been checked; the mean of absolute values of 
deviations was 2.0 %, results exceeding tolerance levels were stated mainly for off radiation beam axis 
and for modified field measurements. 
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TLD MLC audit was done for all 14 machines equipped with multileaf collimators, with the average 
absolute value of deviations of 1.6 %. 86 % of results meet the criteria of ± 3 % and most of the rest 
showed minor deviations up to 6 %. 

Conclusions 

Compared with the EU average, situation in the Czech Republic seems to be similar. 95 % of 
measurements show deviation up to 5 % ( 9 7 % in the EQUAL network). Nevertheless, the acceptance 
level is stricter (3 %) in the Czech Republic. This is affordable because of the small size of the country, 
and better ability to confirm the results promptly, if tolerance levels are exceeded. Still, 84 % of results 
meet the criteria of 3 %. Both basic and advanced modes of TLD audit may discover deviations in clinical 
dosimetry or in treatment planning for reference and non reference conditions, although they do not 
provide enough data for proper interpretation of errors. The results show the importance of independent 
TLD audit as a flexible and operational part o f the comprehensive quality assurance program. 

The work was supported by the grant no NC7393-3/2003 of the Internal Grant Agency of the Ministry of 
Health of the Czech Republic. 
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