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1 Reason for procedure

Following the acceptance testing of a linear accelerator, the machine is not yet ready to treat
patients. It must first be commissioned. The commissioning process mainly involves gathering
the beam data necessary to perform treatment planning. This means that the beam parameters
must be fully characterized. It also involves the initial full calibration of the machine. Data
collected during this process may also serve as initial benchmark data that is used for comparison
during monthly and annual QA procedures.

The primary goal during the commissioning process is to collect sufficient data for successful
treatment planning. The specific data required may vary widely, depending on a couple of
factors. Each treatment planning system will have certain measurement requirements to complete
the beam modeling process. Also, the accelerator vendor may provide a set of “golden” beam
data, which may greatly reduce the amount of data collection required by the physicist. However,
golden beam data should not be blindly accepted, if it is even used as the planning data set, but
must still be carefully verified.

In any case, (regardless of the treatment planning system or whether a golden set of data is
available) when the commissioning process is finished, the physicist should have, at a minimum,
enough data to perform hand calculations for treatment planning. The data collection procedures
necessary to achieve this are outlined below. More in-depth information can be found in TG-106.
For specific TPS requirements, the physicist should consult the TPS documentation.

2 References
AAPM Task Group Report #106 — Accelerator beam data commissioning equipment and
procedures

Kham, Faiz M., The Physics of Radiation Therapy, 3™ ed. (2003)

3 Equipment and Materials

The largest piece of equipment needed for the commissioning process is a linear accelerator to be
commissioned. For this project, a Varian Clinac iX, serial number 5277, was commissioned for
hand calculations and for use in the Pinnacle treatment planning system.

Currently, the primary method of commissioning data collection is to use a small-volume
ionization chamber or diode to measure ionization/dose in a scanning water tank. There are other
possible methods of data collection. These include film, bang gel, thermoluminescent dosimetry,
MOSFET detectors, diamond detectors, detector arrays, and solid phantoms. While some of
these may have advantages over an ion chamber/diode scanning system during certain portions



of the data collection process, none are as well suited for the process as a whole. A scanning
system can accomplish the vast majority of the commissioning data collection process.

Point dose data might be collectible in solid water (or other similar material), but care must be
taken to ensure that full scatter is achieved in the medium and that the beam is entirely incident
on the solid water for large field sizes. Since typical slabs of solid water are not large enough to
intercept 40x40 fields, it is typically easier to just perform the measurements in the water tank
while it is set up for scanning.

3.1 Scanning tank

At the minimum, the scanning tank should be capable of scanning in two dimensions. A 3D tank
is preferred if possible, as it eliminates the need to rotate the tank to obtain both cross-plane and
in-plane profiles. The tank should be deep enough for depth dose measurements down to 30 cm,
with 10 cm of backscatter material (so at least 40 cm). It should be capable of scanning profiles
of 40x40 cm” fields, keeping in mind that 40 cm at the surface will be larger at depth. In
addition, there needs to be sufficient lateral buildup near the edges of the beam, and room for
profile overscan. TG-106 recommends a tank size of 75x75 cm®. It should be noted that current
systems are generally not this large.

Three dimensional scanning tanks will typically exceed the weight limits of the treatment couch
when full, and should therefore have their own separate stand. Two dimensional tanks might not
exceed the weight limits, but may not be wide enough to capture the full beam, and side scatter
may be affected.

If water is to be left in the tank for several days, a small amount of bleach or laundry detergent
may be added to prevent algae growth.

For this project, a 2D scanning tank was used.

3.2 Detectors

A small volume cylindrical ion chamber is probably the detector used most during scanning. A
standard Farmer-type chamber is too large to properly measure small fields needed for IMRT
treatment planning, and may have issues during scanning with volume averaging effects. A
minichamber with an active volume of 0.05-0.1 cm® is preferred. Microchambers with active
volumes less than 0.01 cm® provide better resolution, but scanning speed may have to be reduced
due to the low signal obtained in such small chambers. However, these chambers are desirable
radiosurgery measurements. Farmer-type chambers are still desirable for calibrating the
accelerator output.

Diodes have several advantages over ion chambers. They have very small volumes, fast response
times, and are generally tissue equivalent (so there is no need to convert ionization
measurements to dose). However, their response may depend on temperature, dose rate, energy,
and radiation angle. In addition, there is not the large body of supporting evidence on their
reliability that there is with ion chambers. If diodes are used, they should be compared to ion
chambers to verify their accuracy.

Whether diodes or ion chambers are used, there must be two such measurement devices: one to
make the field measurements, and another reference detector that sits in the beam but out of the
way of the measurements. The field measurements are divided by the reference measurements to



remove variations due to machine output fluctuations. This “relative” measurement method is
used for the scanning portions of the commissioning procedure.

Detector arrays can be particularly useful for making dynamic wedge measurements, as a single
point-like detector will not be able to scan properly while the jaw is in motion.

For our commissioning, we used 2 Wellhofer RK minichambers, one for the field and one for the
reference. We also used a set of diodes with model numbers XFD-3G, where X is either E, P, or
R, standing for electron, photon, or reference, respectively. In addition, a PTW 30013 Farmer-
type chamber was used.

3.3 Cables and connectors

An in-depth discussion of these components will not be undertaken here. However, be aware that
cables should be handled with a reasonable amount of care. Avoid bending the cables and
creating kinks, as this will increase leakage. Also be sure to get good quality cables.

The two standard connector types are BNC and TNC, the main difference being TNC connectors
are threaded. Both of these may be either triaxial or coaxial. Ion chambers required triaxial
connections and cables, and diodes use coaxial. Diodes may connect through triaxial cables if
appropriate adapters are used, but ion chambers cannot be used with coaxial cables.

4 Procedure

During the commissioning process, two main types of data are collected: scanning and non-
scanning data. Scanning data is performed by translating the detector in a water tank across or
inside of the beam, and consists of relative measurements, as the field readings are divided by the
reference detector readings. Non-scanning data is performed by keeping the detector stationary
while a specific amount of radiation is delivered. It also consists of relative measurements for the
majority of the data collected, because measurements are normalized to some reference
measurement (typically a 10x10 field at 10 cm depth). In fact, the only time absolute
measurements are made is during the output calibration of the accelerator, which typically
happens at the end of the commissioning process.

In all cases, the specific measurements taken will vary depending on the institution’s protocol
and the TPS being used, so be sure to consult those prior to initiating the commissioning process.
In addition to data used for modeling, some data may be collected that is primarily for
verification, and not actual modeling. Consult TG-106 for more detail on each of these
measurements, as only brief descriptions are given here.

For information concerning the actual measurements performed during the Clinac iX
commissioning, consult the spreadsheet (attached) and the scanning files from OmniPro.

4.1 Scanning data
There are some general issues to keep in mind when scanning.

e Prior to filling the tank with water, orient the tank as close as possible to the correct
location. This will minimize the amount of movement required with the tank full and
heavy.



e To ensure that the scanning arms are level with the water, make sure the detector travels
parallel to the surface of the water, and that it moves straight down into the water. Adjust
the scanning arms as needed to achieve this.

® Probes with large volumes will experience volume averaging effects, particularly in small
fields and at field edges. Choose an appropriately sized ion chamber; initial testing of the
probe should explore any such effects.

e Scanning time can be reduced by increasing the probe velocity, decreasing the amount of
time spent at each data point. However, this will have adverse effects on the quality of the
beam data:

o First, the signal to noise ratio will decrease, as less data is taken at each point.
This will be indicated by noisy scans that are not smooth.

o Second, the response time of the probe may not be fast enough for very high scan
speeds. This effect can be seen by scanning across 40 cm with a 20x20 field on
the lowest and highest scan speed. If a shift is observed, the response is not fast
enough for that highest scan speed. Alternatively, scan across a field in one
direction and then back in the other direction. If scan speed is too high, a shift will
be visible in the otherwise similar curves.

o Third, a high rate of speed may cause disturbances and ripples in the water. This
effect can be particularly noticeable in electron scans, and will manifest as a
periodic ripple in the scan data.

e Zero depth can best be set by looking at the probe’s reflection from underneath the water.
Some protocols call for a shift of the probe due to the effective point of measurement in a
cylindrical ion chamber being upstream of the center of the probe.

* A new scanning system should be tested and characterized thoroughly prior to use for
commissioning.

4.1.1 Photon scanning

4.1.1.1 Percent depth dose

Take depth dose measurements under reference SSD (typically 100 SSD) down to 30 cm for
square field sizes from 1 cm to 40 cm. The smallest field sizes may not be necessary for a system
without IMRT, but these are becoming increasingly uncommon. Some rectangular fields may be
taken for verification purposes. In addition, at least one PDD should be performed at a different
SSD for verification.

PDD measurements are easier to take directly than TMR or TPR measurements because the SSD
remains the same for each depth of measurement. TPR or TMR data can be calculated using the
PDD data, but should be verified with point measurements.

In anticipation of a TG-51 calibration, perform a PDD with a shifted chamber. The dose at 10 cm
depth defines the beam quality for the TG-51 protocol. For energies of 10 MV and above, the
electron contamination at 10 cm depth become significant. As such, a thin layer of lead should be
inserted into the beam for PDD measurement. Refer to TG-51 for instructions.

In addition, PDD data should be collected for square fields defined by the MLC instead of the
jaws, and for the various wedges that will be used.



4.1.1.2 Profiles

Profile measurements should be taken in both in-plane and cross-plane directions for various
field sizes, including rectangles, at the calibration SSD (typically 100 SSD). Profiles are taken at
various depths. It is especially important to use a detector with good spatial resolution for
accurate representation of the penumbra region. Profiles should be performed for open beams,
beams defined by the MLC, and wedges. In addition, profiles at different SSDs should be taken
for verification of the modeling process.

In the case of dynamic wedges, a single point probe cannot be used for profiles. In this case,
some other method must be used. One way is to use a diode or chamber array.

4.1.2 Electron scanning

4.1.2.1 PDD
Depth dose scanning for electrons is similar to that of photons. However, there are a few caveats.

¢ Since electrons have rapid falloff at depth, it is especially important to set the correct zero
position of the chamber, including properly taking into account the shift in measurements
required for cylindrical chambers.

* Another effect of the rapid falloff is that slight water disturbances can have a noticeable
impact on the PDD curve. Be prepared to recognize the signs of this, and remedy the
issue before it comes time to model.

¢ Electron depth measurements made using an ion chamber need to be converted from
depth ionization to depth dose. This can commonly be done in the scanning software.
Alternatively, a diode will require no such conversion.

e Some TPS require accurate knowledge of the bremsstrahlung radiation. Do not use an
electron specific diode to measure this component, as it will not accurately measure
photons.

4.1.2.2 Profiles
The electron profile process is similar to that of photons. Due to the low signal at large depths, it
may be required to increase the data collection time to obtain an acceptable signal to noise ratio.

4.2 Point dose data
It is generally easiest to take point dose data using the water tank system since it needs to be set
up for the scanning data anyways.

4.2.1 Photon point dose

4.2.1.1 Total scatter factor (Scp)

This quantity refers to the ratio of the dose in a given field to the dose in a reference geometry. It
can be measured or modeled using Monte Carlo methods. It is measured by making point dose
measurements of a constant number of MUs in various field sizes with the probe at some
reference depth and with the phantom at a reference SSD, which reference conditions are ideally
the same conditions used for calibration. The measured readings are each divided by the
reference field size (typically 10 cm). This factor gives the full scatter factor, including the
collimator component (S.) and the phantom component (S),).



4.2.1.2 In-air output ratio (Sc)

This factor is measured in a fashion similar to the total scatter factor, except that it is done in-air
to remove the phantom scatter component. The most important issue with measuring the in-air
output ratio is with the choice of buildup cap. The cap must be thick enough to eliminate electron
contamination and provide side-scatter equilibrium. However, it should be small enough to fit
inside small field sizes (at least down to 4 cm squares). As such, high-Z materials are typically
used.

4.2.1.3 Phantom scatter factor (Sp)

This factor is difficult to measure directly because it is very difficult to remove the scatter
contribution from the collimator head. It has been shown that S.,, = 5.5, and so finding S, is a
simple matter of trusting that equation and dividing the total scatter factor by the in-air output
ratio.

4.2.1.4 Wedge factors

Wedge factors are measured by taking measurements for various field sizes at the reference
depth and 100 SSD. Each field size reading is divided by the reading of an open 10x10 field
under reference conditions.

Before beginning measurements, the user must center the probe in the beam. Use the following
procedure to do this as accurately as possible:

1) Visually center the probe in the open field, with the stem directed in the non-wedge
direction.

2) Insert the 60° wedge into the beam, and measure the output. Then rotate the wedge 180°
and repeat the output measurement.

3) If the probe is exactly in the center, these two measurements will be nearly equal. If they
are not equal, adjust the position of the probe and repeat the measurements until they are.

Despite the above procedure, it is advisable to measure the wedge factor with each wedge in two
opposite positions (e.g. left and right, or in and out) and take the average reading between the
two to calculate the wedge factor.

In the case where there are two sets of wedges (upper and lower), it is only necessary to
commission one set. However, the non-commissioned set should be spot checked.

Dynamic wedges must be commissioned separately from hard wedges, as the results will
generally not be the same.

4.2.1.5 Tray factors

These simple ratios are the quotient of the blocked field divided by the open field under
reference conditions. Since they are generally not performed at various depths or field sizes, they
can easily be measured in solid water. They may include measurement of the transmission
factors through star trays, the jaws, and the MLC.



4.2.2 Electron point data

4.2.2.1 Cone/cutout factors

Cone and cutout factors are measured at d,,,, for each available cone and cutout. The reading for
each is divided by the reading under reference conditions (typically 10x10 or 15x15 at d,4y).
These factors take a while to perform, as they require a lot of entering and exiting the room.

4.2.2.2 Extended SSD

Since electrons do not strictly follow the inverse square law from the actual source, various
methods have been proposed to calculate dose for extended SSD electron treatments. One of
these involves an “effective SSD.” The effective SSD will vary depending on energy and field
size. The method of measuring the effective SSD is delineated in Khan and also in TG-106. For
clinical use, a table of effective SSDs as a function of field size and energy should be the result
of these measurements.

4.3 TG-51 Calibration

With the various beams fully characterized, the machine is ready to have its output calibrated.
The current widespread method of calibration is to follow TG-51 protocol. This requires
calibration to be done in liquid water. A Farmer type ion chamber is the most widely used
chamber for the calibration. It is useful to have a spreadsheet ready to record the measurements
so that instant feedback is obtained.

TG-51 calibration basically consists of two measurements on the linac: first, a characterization of
the beam quality (i.e. the energy of the beam), and second, an absolute output measurement. The
beam quality characterization involves a PDD measurement, while the output is measured under
reference conditions at a single point. For photons, the reference conditions are: 10x10 field, 100
SSD or 100 SAD, and 10 cm depth. For electrons, the reference conditions are: 10 cm cone, 100
SSD, and d,.r, which depth is based on the beam quality. Each energy and modality is calibrated
using a set of potentiometers, or “pots.”

Exact calibration procedure will vary depending on the make and model of the accelerator.
Below are instructions for calibrating dose on Varian C-Series linacs:

1) Turn MUTI to adjust dose
2) Turn MU?2 to agree with MU1
3) In service mode set dosimetry integrator
a) PressCCI
b) Adjust ION1 and ION2 as below
1) On “C” machines, to 105
i1) On “C/D” and “EX” machines, to 200

The MU1 pot controls the dose that is delivered per MU. This should be adjusted until the dose
delivered (as measured by the Farmer chamber/electrometer setup) is the desired dose (based on
the depth and the PDD). The MU?2 pot controls the MU reading on the backup chamber, which
should match the primary chamber MU reading. The ION1 and ION2 control a “reference”
signal that is applied to the dose integrator to test for its proper function.

4.4 Benchmark data
Some of the above measurements will serve as benchmarks for future QA (monthly and annual).
In addition, with the system calibrated fully, the physicist may wish to perform other



benchmarks. For example, most institutions do not perform their monthly output checks in liquid
water, but instead do so in solid water. With the knowledge that the machine is calibrated, it is an
ideal time to set initial monthly benchmarks for output in solid water. Similarly, any daily check
devices (QA3, for example) can also be calibrated.

5 Calculations

The Clinac iX has 2 photon energies (6 and 10 MV) and 5 electron energies (6, 9, 12, 16, and 20
MeV). All of these were calibrated. An excel sheet was used for the calibration; however, 1
performed my own independent calculations for completeness using the forms included in the
TG-51 report. The worksheets are attached. Only the final measurements are included, not the
intermediate measurements taken during the calibration process.

6 Measurements
Printing the entirety of commissioning measurements would be wasteful and of little benefit.
Instead, a small sampling of data will be presented, including the following (all at 100 SSD)

Depth dose curves for 6 MV photons: 2, 10, and 40 cm field sizes
Profiles for 6 MV photons: 10 cm FS; 1.7, 5, 10, 20 cm depth

Profiles for 6 MV photons: 10 cm FS; 45° wedge; 1.7, 5, 10, 20 cm depth
Pinnacle output factors for 6 and 10 MV photons (taken at 10 cm depth)
Wedge output factors for 6 and 10 MV photons

Depth dose curves for electrons: all energies, 10x10 cone and insert
Insert factors for all electrons

Virtual SSDs for electrons

7 Summary

The commissioning process is extremely important. It sets the benchmarks for all future work on
the machine. It includes a full characterization of the beam, and provides the data that is used in
treatment planning. Often, the physicist will be under pressure to complete the commissioning
process quickly, as administration may see the process as costing money because each day spent
commissioning is another day not spent treating patients. The physicist must not rush through the
process; rushing will inevitably produce errors in the data. The problem of being rushed can be
alleviated somewhat by working closely with the administration during the planning phases, and
emphasizing from an early stage the time that will be needed for commissioning.



