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1. INTRODUCTION

Since 1969 the International Atomic Energy
Agency (IAEA), together with the World Health
Organization (WHO), has performed postal TLD
audits to verify the calibration of radiotherapy
beams in developing countries. The IAEA over
the past 30 years, has verified the calibration of
more than 3500 clinical photon beams at
approximately 1000 radiotherapy hospitals.
Detailed follow-up procedures have been
implemented since 1996. When the TLD result of
a participating institution falls outside the
acceptance limits of ±5%, the institution is
initially informed that there is a discrepancy and
requested to try to identify the reasons why it
occurred. The institution is not informed of the
actual magnitude of the discrepancy (blind
conditions) but is offered a second TLD audit. If
the deviation cannot be resolved by the local
radiotherapy institution or the national SSDL,
then an on-site visit is suggested which, if
accepted, is made by an IAEA expert in clinical
dosimetry. The on-site visit includes a review of
the dosimetry data and techniques, corrective
measurements and ad-hoc training. The reasons
for the discrepancy are then traced, explained,
corrected and reported. Until the discrepancies are
resolved and changes have been implemented by
hospitals to ensure that the discrepancies do not
reoccur, the safe and effective delivery of
radiation doses to patients is questionable.

This document provides a standardised set of
procedures for resolving discrepancies during on-
site visits to radiotherapy hospitals by the IAEA
experts. The table below summarises the
acceptance criteria to be used by the IAEA
experts for dosimetry and mechanical parameters
of the hospital treatment units. If some of the

parameters are outside the acceptance criterion, it
will not be possible for an institution to assure the
adequate quality of the dosimetry practices in
radiotherapy. The criteria are based on analyses of
clinical data and the measurement uncertainties
for various dosimetry and mechanical parameters.

TABLE 1.PARAMETERS AND ACCEPTANCE
CRITERIA FOR ON-SITE VISITS

Parameter

Beam calibration

Relative measurements (e.g.
tray, wedge factors, %DD)

Mechanical parameters

Criterion

±3%

±2%

±3 mm/±2°

2. THE PREPARATION OF VISIT

The IAEA is in charge of the organization of the
visit, including the contacts with the expert and
the institution to be visited. The IAEA
recommends the on-site visit to the institution
indicating clearly that the visit is a consequence of
an unresolved discrepancy in dosimetry detected
during TLD audits. Upon confirmation that the
institution wishes to receive an expert, the IAEA
contacts the expert and provides him/her with a
set of the data available on the institution's
radiotherapy and dosimetry equipment and staff
(the IAEA data base and TLD data sheets). These
data are confidential and should not be distributed
outside the authorised individuals, i.e. the IAEA
staff involved in the TLD programme, the expert
and the relevant WHO office. At this stage,
arrangements are made for the practical aspects of
the visit, including a request for the local staff to
assist the expert (see Appendix 1). In addition,
data collection forms to be used during staff
interviews (Appendix 2) are made available to the
expert prior to the on-site visit.

The expert will be equipped with reference
publications [1-4] and a standard instrumentation
kit (a minimum set), which contains the following
items of equipment:

- electrometer with 2 Farmer-type ion chambers
along with calibration certificates

- triax cable

- barometer, thermometer (preferably 2
thermometers)

- water phantom (NE2528/3A)

- spirit level

- ruler
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- calipers

- multimeter

- simple tools (screwdrivers), adaptor plug

- scotch tape

- 5 verification films (prepacked)

- survey meter

- electronic personal dosimeter

- graph paper (millimetre scale)

- spare batteries

- telescopic distance indicator for distance and
isocentric checks

- stopwatch

- 2 TLD sets and a TLD holder along with the
instruction and data sheets.

The dosimetry equipment is calibrated at the
Dosimetry Laboratory of the IAEA and its
calibration factors are traceable to BIPM. The
Dosimetry Laboratory of the IAEA provides the
quality assurance and maintenance of the expert's
equipment. It is the expert's responsibility to
complement this equipment with additional items
which may be needed during the visit, such as a
pocket calculator (or a laptop), etc.

3. INTERVIEW OF THE
INSTITUTION STAFF

It is essential that the expert interviews the
appropriate staff from the local institution before
any measurements are performed. The purpose of
this interview is to understand the dosimetry
practices of the institution, collect missing data
and compare the institution's dosimetry data to
the standard data for the specific treatment unit.

This interview should cover, as a priority, the
questions which may be useful in resolving the
TLD discrepancy (Appendix 2.6).

The second step is to review the dosimetry data
available at the institution in order to compare
them with standard sets of data for the same
treatment unit make and model (Appendix 5).

The expert should also review the patient
treatment charts in order to understand the
different radiotherapy techniques used in the
institution. He/she should get familiar with the
typical field sizes used for different treatments
including the use of accessories, such as blocks
and wedges. This is needed to ascertain that the
necessary dosimetry data are available and that
the test dose calculations performed with the
expert's assistance correspond to the typical
treatments actually performed at the institution.

4. SAFETY AND MECHANICAL
TESTS

4.1. Safety Tests

Before conducting any tests on the treatment unit,
the expert should conduct, as a minimum, the
following safety tests to ensure safe working
conditions:

- door interlock operational

- radiation warning light operational

- emergency on/off switches operational

- manual means to shut off the machine

- exposure within the room with treatment unit
in "beam off' condition.

The expert shall wear a personnel radiation
monitoring device and, if available, a radiation
survey meter with an active alarm option.

4.2. Mechanical Tests

The mechanical tests are designed to evaluate the
geometrical accuracy and functionality of the
treatment unit prior to the determination of the
machine output under reference conditions. The
confirmation of the geometrical integrity of the
treatment unit is necessary to ensure proper set-up
conditions for the calibration of the unit as well as
the positioning of patients for daily treatments. To
meet the IAEA acceptance criterion for the
mechanical tests, the parameters measured or
calculated by the expert and those used by the
institution must agree within +3 mm (2° for angle
indicators). Any differences noted between the
expert's measurements and the institution's values
may provide the expert with additional
information in determining the reason for the
output discrepancy measured with the TLDs. The
minimum list and order of the mechanical tests to
be performed by the expert is given below.

Collimator Axis of Rotation The
mechanical axis of rotation of the
collimator should be determined using the
telescopic distance indicator or institution's
mechanical distance indicator if available.

Collimator Angle Indicator The
collimator angle indicator should be
compared at 90° intervals.

Gantry Axis of Rotation The mechanical
axis of rotation of the gantry should be
determined using the telescopic distance
indicator (or the institution's mechanical
distance indicator if available). This is
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accomplished by varying the -gantry angle
and placing the distance indicator as close
as possible to the axis of rotation for each
gantry angle attempting to converge on the
axis of rotation. A reference pointer should
be used to follow the axis of rotation at
each gantry angle. A distance from a fixed
point on the treatment head (e.g. the bottom
surface of the tray holder) to isocenter
should be measured and recorded.

Gantry Angle Indicator The gantry angle
indicator should be compared at 90°
intervals using the spirit level.

Field Size Indicator The field size
indicator should be compared to the light
field at the nominal treatment distance for
three field sizes ( 5 cm x 5 cm, 10 cm xlO
cm, 20 cm x 20 cm) using the millimetre
graph paper.

Light/Radiation Field Coincidence The
light field and radiation field agreement
should be evaluated using film for a 10 cm
x 10 cm at the nominal treatment distance.

Lasers The congruence of the lateral lasers
and the isocenter horizontal plane, 20 cm
on either side of the isocenter, at the
nominal treatment distance should be
measured.

Optical Distance Indicator (if available)
The congruence of the optical distance
indicator (ODI) and the mechanical
isocenter should be measured. In addition,
the ODI at -10 cm, and +10 cm from the
mechanical isocenter should also be
measured. If the ODI is not available, then
the institution's mechanism for determining
the distance should be verified by the
expert.

Travel of Treatment Couch The
congruence of the table indicators for
vertical and lateral displacement with the
measured displacement from isocenter, i.e.
-10 cm and +10 cm, should be measured.

Once the above measurements have been
performed and the comparisons made, the expert
should discuss the findings with the institution's
responsible physicist/personnel to correct any
parameter found outside of the acceptance criteria.
The expert is encouraged to assist the institution
to perform the mechanical tests by making further
confirmatory measurements. Any parameter found
outside of the acceptance criteria may require the
institution to alter its clinical treatments to
account for the corrective actions taken by the

institution's physicist or personnel. Once the
expert believes that the geometrical and functional
integrity of the treatment unit are acceptable,
he/she should proceed to make the dosimetry
measurements outlined in the next section. If the
integrity of the treatment unit is not acceptable,
the expert may wish to consider extending the
visit, to allow the personnel at the institution to
repair the treatment unit in a timely fashion before
making the dosimetry measurements. If the unit
cannot be repaired, the expert is still encouraged
to make as many measurements and collect as
much data as possible to resolve the TLD
discrepancy.

5. DOSIMETRY EQUIPMENT
COMPARISON

Before performing the beam output calibration, it
is necessary for the expert to perform the
following comparisons:

- comparison of the institution's and the expert's
dosimetry systems

- comparison of the institution's and the expert's
barometer and thermometer.

The aim of the above comparison is to verify the
constancy of the local dosimetry system response,
with reference to the calibration certificate.

If the standard local procedures involve the
control measurements in a Sr-90 check source,
these measurements should be performed prior to
any other quality control tests and measurements.
If the measured value is within ±1 % of the
expected one, the result is considered acceptable.
In case of a larger deviation, which cannot be
explained, the local dosimetry system must be
carefully checked for the chamber leakage, cable
connection, humidity influence, electrometer
stability, etc.

The standard method for comparison of the
institution's ionisation chamber and electrometer
with the expert's dosimetry system is to position
both chambers in sequence in a water phantom,
preferably in the NE 2528 box phantom and
compare their readings in a Cobalt-60 beam. If an
institution's chamber is non-typical and cannot be
placed in the NE 2528 phantom, it is necessary to
perform the reading comparison in air, with both
chambers equipped with the appropriate build-up
caps.

If no cobalt unit is available at the institution, the
comparison should be performed at the
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accelerator with the lowest megavoltage photon
beam available.

The two readings should be converted to the same
physical quantity, i.e. air kerma or absorbed dose
to water (preferably that used by the local SSDL)
and compared, with the acceptance level of 2%. If
the difference observed can account for the
discrepancy detected in the TLD audit, it is
necessary for the institution to request
recalibration of their dosimetry system at the local
SSDL, or at the IAEA Dosimetry Laboratory.

The differences between the local and the expert's
barometer and thermometer readings should be
within 1.0% and 0.5 deg., respectively.

6. DOSIMETRY CALIBRATIONS
AND MEASUREMENTS

6.1. Beam output calibration

Under the observation of the expert, the local
medical physicist should calibrate the beam
output according to the local institution's standard
procedure. This procedure may include calibration
in air, or in a water or plastic phantom at dmax or
at the reference depth (e.g. 5 cm or 10 cm). The
expert should follow carefully the whole
procedure step by step and try to understand the
local procedure completely. However, when an
error is noticed, no remark should be made to the
local physicists until he/she has completed the
calibration procedure. The reason for this is that
the expert may better identify possible reasons for
the TLD discrepancy that pertain to the local
calibration procedure or set-up.

The expert will perform a beam output calibration
according to IAEA TRS-398 protocol [4] and
compare the measured output to the institution's
specification. The calibration may be performed
using either:

1) the small water phantom (20 cm x 20 cm x 10
cm, model NE 2528) from the expert's kit or,

2) the water phantom belonging to the local
institution.

In either case the measurements should be
performed for the field size of 10 cm xlO cm at
the nominal treatment distance and with whatever
set-up method (SSD/SAD) is used at the
institution.

The shutter correction for cobalt-60 units should
be measured. In addition, the time indicated by
the timer of the Co-60 unit and the time indicated
by the stopwatch should be compared. The

linearity of the treatment unit's timer should also
be verified within the minimum and maximum
treatment times used at the institution.

In the case of a linear accelerator, the ion
recombination correction for the chamber should
be determined. The quality index for high energy
X-ray beams should be estimated prior to the dose
measurement using the standard data provided for
the make/model of the accelerator.

The Excel spreadsheet or printed worksheets for
TRS-398 [4], prepared by the IAEA, should be
used for calculation of the absorbed dose rate to
water under reference conditions.

A comparison of the beam output determined by
the institution's physicist and by the IAEA expert
should be performed to identify any possible
reasons for the TLD discrepancy. If the local
beam calibration was not performed according to
the TRS 398 protocol [4], the expert should
convert the local beam output value to that
consistent with TRS-398 [4]. The difference
between the two beam output measurements
should be carefully analysed and discussed with
the local physicists or other relevant staff.

After the careful analysis of the difference
between the institution's and the expert's values it
is necessary to compare the deviation observed
during the TLD audit with the present deviation in
the output measurements to ascertain whether the
TLD discrepancy can be fully explained by the
differences in beam output measurements.

As a quality control check of his/her beam output
determination the expert will irradiate the set of
TLDs provided by the IAEA and will demonstrate
the IAEA's standard TLD audit methodology to
the institution's staff.

6.2. Additional measurements

The expert is encouraged to make a number of
additional measurements, which are designed to
verify that the institution's use of basic clinical
dosimetry data is appropriate. The extent of these
additional measurements will depend on the
mission time available to the expert. If a large
water phantom is not available at the institution,
the expert may consider making the appropriate
adjustments to the NE2528 water phantom to
allow for measurements at a depth of 10 cm.

The following additional measurements are
suggested to provide more complete assessment
of the institution's clinical dosimetry practices
(the standard data set may be required):
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- verification of the dose variation with field size
at dmax and at the depth of measurement

- verification of the institution's clinical wedge
and tray transmission factors ( if time does not
allow for measurement of all wedges, the
expert should, as a minimum, verify the two
wedges with the largest wedge angles used
clinically),

- verification of the beam output for non-
standard SSDs used clinically.

If the differences between the expert's measured
and the locally used clinical values exceed the
tolerance levels (±3% for the beam output
determination and ±2% for the relative
measurements), a detailed analysis and possibly
additional measurements should be carried out in
order to explain the differences.

7. CLINICAL DOSIMETRY

At this stage the expert should have knowledge of
the clinical techniques routinely used at the
institution. The expert should therefore
concentrate his/her efforts on the relevant clinical
dosimetry data.

7.1. Basic Dosimetry Data

The expert should examine the beam data tables
available, determine if the data are measured or
based on published data, and obtain copies of
appropriate data (if possible) to enable an
independent review by the IAEA staff.

The expert should confirm the validity of the
basic beam dosimetry data used by the institution
by comparison with the standard data [1]. The
expert should ascertain how the basic dosimetry
data set is used by the treatment planning system
(TPS) or the in-house software.

7.2. Monitor Units / Time Set Calculation

The expert should evaluate the institution's
method used routinely to calculate the number of
monitor units or time set for patient treatments.
For this the local physicist should be requested to
determine monitor units or time set for the clinical
dosimetry tests as described below. Also the
expert should independently calculate the monitor
units/time set for the same standard dosimetry
tests using the output value that he/she has
measured and the standard data supplied. The
expert's results should be compared with those
determined by the institution. A detailed analysis

of any differences in calculation should be
performed.

Standard clinical tests should be performed for a
simple water phantom (20 cm x 20 cm x 10 cm)
irradiated with a single field. Monitor units or
time set should be calculated to deliver 2 Gy at
the various points of interest. The following set-
ups are recommended:

- Field size 10 x 10 cm. Depth 5 cm. With and
without wedge

- Field size 10 x 10 cm. Depth 10 cm

- Field size 7 x 15 cm. Depth 5 cm. With and
without wedge

- Field size 7 x 15 cm. Depth 10 cm.

If blocks are used at the institution, the expert and
the local physicist should calculate monitor units
or time set for a typical blocked field used at the
institution.

The ion chamber measurements described in
section 6.2 should be used to demonstrate how to
verify the dose calculations.

7.3. Check of treatment planning system

The expert should perform a set of tests to verify
the following parameters of the treatment
planning system (TPS):

- Confirm that the field sizes on printouts and
the entered field sizes match within ±1 mm.

- Confirm that the depth doses are correct e.g.
check isodose values at 5 cm and 10 cm depth
and compare to the measured data.

- Confirm the wedge isodose values by
measuring doses in three points at a 5 cm depth
for a 10 cm x 10 cm field size, i.e. one point on
the central axis and two additional off-axis
points, 2.5 cm on each side of the central axis.
The latter two measurements will involve
moving the phantom laterally.

8. TRAINING OF LOCAL STAFF

An important part of the IAEA expert mission is
to provide training to the local physicists to
improve their clinical dosimetry practices. This
educational process will be an ongoing one,
starting from the initial interview, and continuing
throughout the mechanical checks, instrument
comparisons, beam output calibration, analysis of
the expert's measured values with respect to the
institution's clinical values and possible
explanations of any deviations observed. In
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addition to the above processes, the clinical
dosimetry measurements and tests, as outlined in
the sections 6.2 and 7, also have an important
educational value for the institution's physicists or
other staff involved in the daily treatment of
patients. The expert should leave a copy of his/her
signed and dated measurements, calculations,
report of results and a copy of the TRS 398 [4]
with the local physicist prior to departing the
institution. These data and information will
provide the institution's physicist with a set of
independently measured reference data that can be
used later to compare his/her own measurements
for possible future dosimetry changes.

The goal of TLD irradiation performed by the
IAEA expert at the end of the beam calibration is
twofold. The first is to provide a confirmation of
the expert's ionisation chamber measurements,
and the second, to train the institution's staff on
the IAEA methodology of the TLD irradiation
procedure.

The expert should make every effort to explain to
the institution's staff any recommendations for
changes in the local dosimetry practices. The local
physicist should be encouraged, prior to
introducing any changes, to understand the new
procedures and to perform his/her own
confirmatory measurements.

9. REPORTING AND
RECOMMENDATIONS

At the end of his/her visit, the expert should
present to the local physicist and, if possible, to
the chief of the radiotherapy department (director
of the hospital) a preliminary report of the
measurements performed during the mission using
the report form in Appendix 4. Any records left at
the institutions should be clearly marked
"preliminary".

The end-of-mission report to the IAEA should
contain the following data and information for
further quality control and processing:

- summary of the tests and measurements
performed by the expert

- results of the measurements

- results of clinical dosimetry

- analysis of the results of the measurements

- the expert explanation of the reason for the
discrepancy

- the impact of the discrepancy on patient
treatments

- recommendation to the institution: general and
specific

- recommendation to the IAEA/WHO TLD
postal dose audit programme.

The relevant forms, spreadsheets and worksheets,
given in the Appendices, should be used for
reporting measured data. All forms should be
properly dated and signed.

It is of utmost importance that the radiotherapy
personnel understand the consequences of the
observed discrepancies and how they affect
patient treatments. The discrepancies relevant to
patient treatments should result in a number of
specific recommendations by the expert to the
local staff. The expert may be required to explain
any important changes in dosimetry practices to
the radiation oncologist particularly if these
changes might have a significant impact on the
clinical outcome of patient treatments.
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APPENDICES
All appendices are available on request from the
Dosimetry and Medical Radiation Physics Section
of the IAEA (dosimetry@iaea.org') or can be
downloaded from the web page
http://www-naweb.iaea.org/qamanual.html

1. Information form "A typical on-site
dosimetry review visit"

2. Staff interview data collection forms

2.1. DIRAC questionnaire

2.2. Instrumentation

2.3. Co-60 unit data

2.4. Accelerator data (photons)

2.5. Clinical dosimetry

2.6. TLD discrepancy interview record

3. Measurements records and forms

3.1. Safety and mechanical measurements

3.2. Dosimetry equipment comparison

3.3. Dose determination records

3.3.1. IAEA dose calculation spreadsheets

3.3.2. Dose measurements record

3.3.3. Beam output reporting form

3.4. Clinical dosimetry

4. Expert report form

5. Standard data set for Co-60 and high
energy photon beams.
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