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ABSTRACT- The SSDL of Iran has established a quality audit programme for radiotherapy centers
in the country. Most of the radiotherapy departments are now audited annually by the SSDL
dosimetry team. During the site visits, beam characteristics of the teletherapy units are determined or
tested. This report presents the results of the on-site output measurements conducted during the
period 1985-1996 and demonstrates the role of traceability of absorbed dose to water determinations
in hospitals to the SSDL standard.

1. INTRODUCTION

Historically, an accuracy of ±5% in the delivery of the prescribed dose has been the goal in
radiotherapy and even a higher accuracy is considered to be desirable for some treatments [1,2]. It is
suggested that more than 10% of the 2,500,000 patients who are treated by an estimated 6000-7000
teletherapy units (Co-60 and linear accelerators) yearly, receive doses that differ from the prescribed dose by
more than 20% [3]. This means that at least 250,000 patients annually receive poor radiotherapy through lack
of proper equipment, personnel or training.

Recognizing the importance of quality assurance in radiotherapy and the need to make access to
radiation standards traceable to the international measurement system to every radiotherapy center, the SSDL
of Iran, as a national standard dosimetry laboratory, started a quality audit programme in 1985. This
programme was initiated by mailing an "information sheet questionnaire" to all radiotherapy centers regarding
general information about their radiotherapists, medical physicists, type of equipment, dosimeters, etc. This
provided the SSDL with a data file and led to necessary links between the SSDL and the clinics. Therefore a
quality control network was set up and site visits were arranged according to a suitable time-table. The audits
were usually conducted by two physicists using Farmer type ionization chambers for measurements. Usually,
the output of radiotherapy units at definite conditions are measured and compared with corresponding values
quoted by the medical physicists. The light field/radiation field coincidence of the units are always checked
by a square field radiography. During the audits, the radiation leakage of Co-60 heads and other safety aspects
like radiation level at control room during machine-on time, interlocks, etc. are also checked. On request,
other beam characteristics and parameters like output factor (collimator scatter correction), beam flatness,
wedge factors, HVL (for soft and medium x-rays), etc. are determined or tested. In this report, however, only
the main objective of the audits, i.e. dosimetry measurement results, are presented.

2. STRUCTURE OF EXTERNAL RADIOTHERAPY IN IRAN

At present, there are 18 radiotherapy centers in Iran for a total population of about 60 millions. Half
of these clinics are located in Tehran with 18 percent of the total population. Others are located mainly in the
centers of 6 provinces that cover 44% of the population. There are 36 teletherapy units in use in these clinics
that include 24 60Co units, 11 conventional x-ray therapy machines (superficial and orthovoltage) and only
one LINAC (CGR Saturn 20). There are three computerized treatment planning systems, but only one is
actually functional. Ten clinics possess their own dosimeters, but measurements are carried out mainly in air
(except for the LINAC). Dosimetry in other clinics, mainly the private ones, is conducted by part time
physicists from other centers. Most of these dosimeters were calibrated at least once at the SSDL.

More than 90% of the patients are treated by Co-60 units and the loads of patients in all radiotherapy
departments are very high. On the average, there are 730 patients for each physicist (1996). Table 1 shows a
summary of the present status of external radiotherapy in Iran.
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60Co units

Medium energy X-ray

Soft X-ray

Linear accelerator

Dosimetry equipment

Radiation therapist

Medical physicists

Technicians

Patients/year

24 (4 are not in use))

7 (2 are not in use)

4 (2 are not in use)

1

10

43

21

85

15,400

Table 1. Structure of radiotherapy in Iran (1996)

3. DOSIMETRY SYSTEM
The reference standard of the SSDL of Iran is an NPL secondary standard therapy level dosimeter

(0.325 cc NE2561 ionization chamber connected to an NE 2560 electrometer). This dosimeter was calibrated
for the first time at the National Physical Laboratory (UK) in terms of exposure (R) in 1977. The last
calibration was carried out at the IAEA Dosimetry Laboratory in terms of air kerma at different x-ray qualities
and Co-60, and absorbed dose to water for Co-60 gamma ray and is traceable to BIPM. The combined
uncertainties of calibration factors in terms of air kerma and absorbed dose to water are 1 % and 1.2%

respectively. The long term stability of this dosimeter is checked by a reference stability check source (90sr.)
and the variations in the response of the system have always been less than ±0.5% during several years (
Fig.l).

Fig. 1-Long term stability of the response of Iran SSDL therapy level secondary

standard dosimeter against a radioactive check device, 1987-96.
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The SSDL of Iran has participated in the IAEA/WHO TLD Postal Dose Quality Audits during 1987-
1997 and the deviations of the doses quoted by the SSDL from those determined by the IAEA have always
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been within the acceptable limits of ±3.5% (Fig.2).

Fig.2- IAEA TLD Postal Dose Intercomparison for the SSDL of Iran
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In 1995, the SSDL participated in an intercomparison on ionization chamber calibration factors,
organized by the IAEA The deviations between the calibration factors determined by the SSDL in terms of air
kerma and absorbed dose to water (Nj£ and Nj} w ) , and those determined by the IAEA for a farmer type

ionization chamber, were both about 0.5%.

Two Farmer dosimeters have been used for on-site output measurements. The ionization chambers
used are of type NE 2571 and NE 2505/3B and both of them were calibrated at the IAEA Dosimetry
Laboratory. These chambers are calibrated regularly against the reference standard of the SSDL in terms of
air kerma and the combined uncertainties associated with the calibration factors are unlikely to exceed 2%. In
addition, a third ionization chamber of type NE 2532 (PTW 23342) calibrated at the IAEA Dosimetry
Laboratory was used for soft x-ray measurements.

4. DOSE MEASUREMENTS

Most of radiotherapy departments in Iran still use methods based on exposure for their clinical
dosimetry [4,5]. The SSDL has encouraged medical physicists to shift gradually to dosimetry protocols based
on air kerma and in phantom measurements. However, since the majority of dosimeters in use indicate the
quantity to be measured in terms of exposure (R) and the medical physicists are not yet well familiar with
modern protocols; no attempt was made either to force the clinics to change their dosimetry methods nor to
calibrate their dosimeters in terms of air kerma or absorbed dose to water. During the audits, the procedure
followed by the SSDL was to measure the outputs of the Co-60 and conventional x-ray therapy units in terms
of exposure at fixed conditions in air or in phantom (depending on the method used in each clinic) and then
convert it to absorbed dose to water at maximum buildup (as it was done by the medical physicist in clinic).
For Co-60 units, the exposure rate is measured at a normal SSD and a field size of 10 cm x 10 cm in air, or at
5 cm depth in water with a normal SSD and a field size of 10 cm x 10 cm on the phantom surface. For x-ray
generators, the exposure rate has been measured at normal treatment distances (50 cm and a field of size 10
cm x 10 cm when limiting diaphragm is used; and at different FSDs and field sizes when treatment
applicators or cones are used). For the unique linear accelerator in use in the country, the measurements are
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carried out in a water phantom according to the IAEA recommended code of practice [6].

5. RESULTS AND DISCUSSION

A total number of 140 audits have been conducted by the SSDL dosimetry team during 1985-1996.
These include a total number of 273 output measurements of 36 external therapy units (x-ray, Co-60, LINAC).
The number of audits and beam measurements conducted in each year are shown in Fig.3.
60Co units are major external radiotherapy tools in Iran and therefore the data based on output measurements
of these machines are analyzed in more detail. The results of the quality audits of Co-60 units during 12 years
of quality audit programme are summarized in Table 2 and Fig.4. The difference between the value quoted by
the clinic, I Q (usually the absorbed dose at maximum buildup, field size 10 cm x 10 cm at normal SSD), and

the value obtained by the SSDL, I m , is expressed as a percent deviation, i.e. DEV(%)=100x(lQ-Im)/Im.

Table 2 includes also the results of the IAEA/WHO TLD audits for the SSDL of Iran in corresponding years.
The summary results of x-ray measurements are given in Table 3. Few measurements were done with high
energy photon and electron beams and are also shown in Table 3.

The frequency distributions of deviations for the total audits on Co-60 and X-ray therapy units are
shown in Fig. 5. The frequency distributions of the results of audits for which the output of Co-60 and X-ray
beams as quoted by the clinics may or may not traceable to SSDL standard, are given in Figs. 6 and 7
respectively. The traceability to SSDL is established either through calibration of dosimeter at the SSDL or
from on site beam calibrations during the auditing process. The corresponding normal curves of frequency
distributions are shown for deviations obtained by clinics with traceable measurements (TR) and non
traceable (NTR). The critical role of traceability in dosimetry is demonstrated.

FIG.3. NO. OF AUDITS AND OUTPUT MEASUREMENTS
CONDUCTED DURING 1985-1996.
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FIG.4. SUMMARY RESULTS OF AUDITS OF CO-60 UNITS
DURING THE PERIOD 1985-1996.
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Table 3- SUMMARY RESULTS OF AUDITS FOR RADIOTHERAPY CENTERS

IN IRAN (X-RAY & ELECTRON), 1985-1996

Beam Quality

No. of Audits

No. of Beams

Mean Dev. (%)b

St. Dev.

Max. Pos. Dev(%)

Max. Neg. Dev(%)

100x(Is-IA)V

<100 kV

23

34

-0.1

6

13.2

-14.0

-

X-Ray

12&18MV8

30

56(51)c

-1.0

3.5

11.2(847)

14.0

-

100-300 kV

4

6

0.7

1.4

c 2.4

-0.9

1.5d

Electron*1

(6-20MeV)

3

12

1.8

6.0

12.9

-9.4

-

a) Only for 1991-1996,

b) b) Dev(%)=100x(Iuser-ISSDL)/ISSDL

c) In one of the audits in 1990, it was found that the output of the orthovoltage x-ray machine,

in radiotherapy department no.II, had dropped to less than 1/9 of its normal value and the physicist

was unaware of this fact. The treatment by this machine was interrupted immediately after the

audit. This case is included in the number of audits but excluded from statistics.

d) Mean result of the IAEA TLD Postal Dose Intercomparison (1992, 1993& 1996) for the SSDL of

Iran at high energy x-rays.
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FIG.5- FREQUENCY DISTRIBUTION OF AUDIT RESULTS
FOR RADIOTHERAPY CENTERS IN IRAN, 1985-1996.
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FIG.6- ROLE OF TRACEABILITY TO SSDL

IN QUALITY AUDITS OF CO-60 BEAMS
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FIG.7- THE ROLE OF TRACEABILITY TO SSDL
IN QUALITY AUDITS OF X-RAY BEAMS.
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As a general rule followed by the SSDL up to now, clinics are informed of the results of the audit but
the exact magnitude of the deviations is not given.

Most of the dosimeters used in hospitals, were calibrated at the SSDL at least once. However there
are other factors that, although avoidable, but nevertheless can influence dosimetry intercomparison results
and contribute to the deviations. The correction for air density (temperature and pressure) is a factor that
sometimes introduces errors. Most of the clinics in Iran do not have their own barometers and rely on the air
pressure that is quoted during measurements by local meteorological offices, sometimes a few kilometers far
from the clinic. In one case, the barometer and thermometer of the clinic were deviating from SSDL
instruments by 10 mb and 4°C, respectively even if the temperature was measured in air. In other clinics
where their dosimeters were not calibrated at the SSDL, the dosimetry had been carried out by the medical
physicists using calibration certificates issued by manufacturers. These certificates include calibration factors
for some X-ray qualities but not for Co-60. The calibration factor for Co-60 was then derived by the medical
physicist through extrapolating from the X-ray to Co-60 energy. This is of course, not correct because of
discontinuity introduced by buildup cap. Also, applying slightly different values for factors such as
conversion from exposure to absorbed dose, backscatter, etc. and mistakes made in calculations by medical
physicists have contributed to the deviations. Although the results were later corrected for such factors and
mistakes, the initial values quoted by clinics and used for treatments are considered for the purpose of this
report.

6. CONCLUSION

The aim of quality audit programme is to provide radiotherapy centers with external checks in order
to ensure that the radiation doses delivered to patients are as close as possible to the prescribed dose. During
12 years of audit programme, the SSDL of Iran was successful in setting up close links with most
radiotherapy centers in the country and convince them that the delivered and prescribed doses are not
necessarily the same. The importance of this point and the necessity of traceability to radiation standards in
absorbed dose determination must be realized, specially by radiotherapists due to their overall responsibility
in radiotherapy departments. From about 122000 patients treated by teletherapy units in Iran during 1985-96,
an estimated 7300 patients (6%) received doses that differ from the prescribed dose by more than 5%. This
estimation is based only on errors made in connection with measurements of radiation beams. Errors made in
dose estimation, treatment planning and treatment set up will certainly increase the number poorly treated
patients.
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The SSDL of Iran is going to continue the quality audit programme as a national duty. As more
therapy units are going to be in use in the future, attempts will be made to unify the methods of clinical
dosimetry in the country according to the recommended international codes of practice.
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