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Summary

Purpose: The purpose of this study was to perform pre-
treatment patient-specific quality assurance (QA) for
intracranial irradiation using CyberKnife with an ion
chamber.

Methods: Twenty-five intracranial plans created using the
ray-tracing algorithm were used for this study. Computed
tomography (CT) images of the water-equivalent RW3 slab
phantom with PinPoint ionization chamber were acquired
with 1-mm slice thickness and transferred to the MultiPlan
treatment planning system (TPS). Four gold fiducial mark-
ers embedded into two different plates were used to tracking
during the irradiation. Intracranial plans were transferred
to CT images of the RW3 phantom. The isodose curves and
sensitive volume of ion chamber were overlapped. Point dose
measurements were performed three times and the mean
point doses were calculated for each plan. The mean doses
measured by the PinPoint ion chamber were compared with

Introduction

The stereotactic radiosurgery (SRS) is a radio-
therapy technique used to deliver an extremely
high radiation dose to a well-defined lesion in a
single fraction. The dose to non-target tissues is
significantly reduced with SRS due to the steep
dose fall-off outside the target volume. Radiosur-
gery has become an important treatment option
for brain tumors, because of their irregular shapes
and the existence of many critical structures
around them [1,2].

GammaKnife, a gantry-based linear accelera-
tor and the CyberKnife device have been used for

those of the calculated by MultiPlan TPS in the sensitive
volume of PinPoint.

Results: The mean percentage difference (MPD) in point dose
measurements was -2.44+1.97 for 25 plans. The maximum
and minimum percentage differences between the measured
and calculated absolute point doses were -7.14 and 0.23, re-
spectively. The MPD was -1.70+1.90 for 12 plans using a fixed
collimator and -3.11+1.86 for 13 plans using an IRIS cone.

Conclusions: Point dose measurement is a reliable and
functional method for pre-treatment patient-specific QA
in intracranial CyberKnife plans. Point dose verification
should be performed to correct any possible errors prior to
patient treatment. It is recommended for use in patient-spe-
cific QA process in the CyberKnife plans.

Key words: CyberKnife, PinPoint ionization chamber, point
dose measurement, quality assurance

SRS. GammakKnife, the first SRS system, was in-
stalled specifically for the treatment of intracra-
nial targets in 1967. In this system, the patient’s
head is immobilized using a stereotactic frame to
deliver high doses of radiation with submillimeter
accuracy. CyberKnife, an image-guided robotic ra-
diosurgery system, is used for not only intracra-
nial but also extracranial targets without the need
for the frame. A high degree of positional accuracy
is required to treat lesions with the CyberKnife
system. The patient’s images are obtained using
a pair of ceiling-mounted kilovolt X-ray tubes and
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X-ray detectors to provide real-time image guid-
ance during treatment. The narrow non-isocentric
multiple beams of various size and source skin
distances (SSD) are directed to the small target
via circular size-fixed collimators or IRIS variable
aperture collimators to obtain a highly conformal
dose distribution with a steep dose gradient [3,4].
The high-dose gradient regions in the target vol-
ume occur because of the numbers of beams. For
successful treatment, delivering an accurate dose
within +5% of the target with submillimeter accu-
racy is very important. Therefore, patient-specific
delivery quality assurance (DQA) should be per-
formed for CyberKnife treatment plans. Reports
from AAPM Task Group 135 [5] and Task Group
142 [6] have explained the periodic QA approach
for robotic radiosurgery system, but the beam-by-
beam QA test has not been published yet. The ac-
curacy of plan calculation, plan transfer and dose
delivery should be considered for the verification
of CyberKnife treatment plans. Pre-treatment pa-
tient-specific QA methods and procedures are well
established in the intensity-modulated radiothera-
py (IMRT) plans which are created using sophisti-
cated treatment technique. Many equipments and

techniques have been developed for IMRT patient-
specific QA. Point dose measurement with an ioni-
zation chamber is the most reliable and practical
method to verify IMRT plans which include small
radiation fields [7]. However, there is no particu-
lar procedure for pre-treatment patient-specific
QA in the CyberKnife plans. The verification of
CyberKnife treatment plans should be performed
because the whole process of treatment delivery
in CyberKnife system is very complex. In the lit-
erature, there have been very few investigations
concerning pre-treatment patient-specific QA in
the CyberKnife system. The purpose of the pre-
sent study was to perform pre-treatment patient-
specific QA for intracranial CyberKnife treatments
with PinPoint ionization chamber which is recom-
mended for measurement in small fields.

Methods

All measurements were performed using the Cy-
berKnife system. It consists of a compact 6-MV lin-
ear accelerator (LINAC) mounted on a flexible robotic
manipulator, a kV image guidance system and a robo-
Couch patient positioning system. The robotic manipu-

Table 1. Data from 25 intracranial treatment plans for point dose measurements

Intracranial plan Size of collimator (mm)

Collimator type

Number of beams Number of nodes

Patient 1 5,7.5,10 FIXED 198 103
Patient 2 7.5, 10, 12.5 FIXED 174 92
Patient 3 7.5, 15 FIXED 182 95
Patient 4 10 FIXED 104 51
Patient 5 10 FIXED 275 123
Patient 6 10 FIXED 130 59
Patient 7 10, 12.5 FIXED 104 85
Patient 8 10, 12.5 FIXED 99 74
Patient 9 10,15 FIXED 291 121
Patient 10 10, 20 FIXED 132 89
Patient 11 10, 20 FIXED 88 61
Patient 12 12.5, 15 FIXED 151 71
Patient 13 5,7.5,10,12.5 IRIS 169 93
Patient 14 7,5, 10 IRIS 130 95
Patient 15 7.5, 10 IRIS 82 50
Patient 16 7.5, 10 IRIS 73 53
Patient 17 7.5,10,12.5 IRIS 94 63
Patient 18 7.5,12.5 IRIS 95 69
Patient 19 7.5,10,12.5,15 IRIS 351 106
Patient 20 7.5,10, 12.5, 15, 20, 25 IRIS 131 68
Patient 21 10, 12.5,15 IRIS 161 89
Patient 22 10, 12.5, 15 IRIS 143 81
Patient 23 10, 15, 20 IRIS 147 76
Patient 24 10, 12.5, 15, 20 IRIS 167 90
Patient 25 10, 15, 25 IRIS 243 111
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lator has six degrees of freedom, allows the LINAC to
move around the patient so the radiation is delivered
to tumors located anywhere in the body at many LI-
NAC positions. Twelve fixed circular collimators (5-60
mm in diameter) or an IRIS variable aperture collima-
tor is used to shape the beams. When the IRIS collima-
tor, which incorporates 12 tungsten-copper alloy seg-
ments in two banks of six is used, the aperture size is
varied automatically. The imaging system comprises
a ceiling-mounted orthogonal kilovolt two X-ray tube
and amorphous silicon X-ray detector on both sides of
the couch to enable real-time image guidance treat-
ment. The CyberKnife software provides tumor track-
ing methods such as bony structure tracking, fiducial
tracking and soft tissue tracking. Tumor and patient
movement are automatically tracked, detected and cor-
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Figure 1. Schematic view of the phantom for point dose
measurements.
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rected during treatment. Machine QA processes include
LINAC output calibration. The end-to-end test was per-
formed according to AAPM TG 135 before verification
of CyberKnife treatment plans [5].

Twenty-five intracranial plans created using the
ray-tracing algorithm through the sequential optimiza-
tion process were used for this study. Data related to
plans are described in Table 1. The water-equivalent
RW3 slab phantoms (PTW, Freiburg, Germany) sized
30x30 cm?, calibrated PinPoint ionization chamber
with a sensitive volume of 0.015 cm3 (model 31014;
PTW, Freiburg, Germany) and PTW Unidos electrom-
eter (PTW, Freiburg, Germany) were used for absolute
point dose measurements. The schematic view of the
phantom is shown in Figure 1. CT images were ac-
quired with 1 mm-slice thickness and images were
transferred to the MultiPlan version 4.6.1 (Accuray Inc.,,
Sunnyvale, CA, USA) TPS. Four gold fiducial markers
embedded into two different plates were used to track-
ing during the irradiation. Twenty-five intracranial
plans were transferred to CT images of the RW3 phan-
tom. The isodose curves and sensitive volume of ion
chamber were overlapped (Figure 2). Then, dose distri-
butions on phantom were recalculated with high reso-
lution and saved. Finally, point dose measurement was
performed three times for each plan and the mean value
was calculated. The mean doses measured by PinPoint
were compared with those of the calculated by TPS in
the sensitive volume of PinPoint. The percentage dif-
ference between measured and calculated dose was as-
sessed using the following equation:

Percentage Dose Difference = [(Measured Dose-
Calculated Dose) /Calculated dose] x100.
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Figure 2. Overlapping the isodose curves and the sensitive volume of the ion chamber.
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Figure 3. Percentage dose difference between measured doses and calculated doses.

Results

The maximum and minimum percentage dif-
ferences between the measured and calculated
absolute point doses were -7.14 and 0.23, respec-
tively. The mean percentage difference (MPD)
was -2.44+1.97 for 25 plans. The percentage dif-
ferences for each plan are shown in Figure 3. The
measured and calculated doses were compared to
plans created with a fixed collimator (12 plans)
and an IRIS cone (13 plans), separately. The MPD
was -1.70+1.90 for 12 plans using a fixed collima-
tor and -3.11+1.86 for 13 plans using an IRIS cone.

Discussion

The CyberKnife radiosurgery system can treat
targets smaller than 6 cm with high radiation dose
in a single or few fractions. In this system, instead
of using an invasive immobilization frame, the
tumor is tracked during treatment. Non-coplanar
small beams from different angles are used to
achieve both a highly conformal dose distribution
in the target and a sharp dose gradient outside
the target [4]. The SRS offers equivalent results to
surgery for brain tumors which are very close to
critical structures and cannot be operated. There-
fore, the SRS is an alternative treatment for brain
tumors.

In SRS treatments, dosimetric accuracy is very
important because of the sophisticated treatment
technique. Therefore, it is necessary to verify that
the desired treatment plan can be implemented
in the patient. In this study, dose verification was
performed for intracranial irradiation. Patient-
specific point dose measurements were made us-
ing PinPoint ionization chamber for 25 patient
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treatment plans. Also, the feasibility of point dose
measurement for pre-treatment patient-specific
QA was investigated for intracranial cases.

Unlike conventional conformal radiotherapy,
small radiation fields are used in the SRS tech-
nique. Mostly field sizes of less than 3x3 cm? are
assessed, different from the traditional radiother-
apy field size. Special attention is required when
dose measurements and calculations are made in
small fields. There have been many studies about
the adequacy of ion chambers for quality assur-
ance of radiotherapy plans consisting of small
fields. The choice of appropriate detector is very
important for point dose measurements in IMRT
QA, because of the steep dose gradient and later-
al electronic disequilibrium [8]. Escudé et al. [9]
measured the point doses in prostate IMRT plans
using three cylindrical ionization chambers with
volumes of 0.6 cc, 0.125 cc, and 0.015 cc. They re-
ported that the doses measured by the small vol-
ume chambers were in a good agreement with the
calculated doses by TPS. The sensitive volume of
the detector must be very small to measure the ab-
solute dose in small fields with high accuracy [10].

In the present study, a 0.015 cc PinPoint ioni-
zation chamber was used to carry out the absolute
point dose measurements. The mean percentage
difference between measured and calculated dos-
es for 25 plans was found to be -2.44+1.97. The
range of percentage variation was -7.14-0.23. The
MPD was -1.70+1.90 for 12 plans using a fixed
collimator and -3.11+1.86 for 13 plans using an
IRIS cone. The dose deviations were below 5% in
84% of all cases. Rondi et al. [11] performed ab-
solute point dose measurements using a PinPoint
ionization chamber and an Easy cube phantom
for 137 patient treatment plans in the CyberKnife
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system. The measured dose was compared to the
calculated dose; the mean percentage difference
was found to be 4.8+4.1. The range of percentage
variation was -7.2 to 9.1. The dose deviations were
below 5% in 73.9% of all cases in their study. In
the literature, there have not been many investi-
gations concerning absolute point dose measure-
ments for patient-specific QA in the CyberKnife
system. However, there have been some studies
about point dose validation on IMRT plans which
were generated by using inverse treatment plan-
ning. Agazaryan et al. [12] verified the absolute
point doses of 160 clinical IMRT and intensity-
modulated radiosurgery (IMRS) by using a 0.015
cc PinPoint ionization chamber (PTW 31006) and
the MED-TEC IMRT phantom on the Novalis LI-
NAC. The maximum percentage dose disagree-
ment was -4.79. The mean percentage difference
with standard deviation was 0.26 +1.75. Chung
et al. [13] performed point dose measurement for
2006 patients treated with IMRT plans (42 patients
with brain tumor, 89 patients with head-and-neck
tumor and 75 patients with abdominal or prostate
cancer). Used were 0.125 cc Semiflex ion chamber
and cylindrical phantom. The range of percentage
dose differences was -4.1 to 3.9 (mean and standard
deviation: 0.55 +1.51) for the brain case, -4.6 to 2.7
(-1.62+1.23) for the head-and-neck case, and -4.6 to
2.5(-0.41+ 1.21) for the abdominal or prostate case.
All the beams may not have passed through the ef-
fective point of measurement of the ion chamber,
because the CyberKnife treatments are non-iso-
centric and the beams are directed from different
angles. Therefore, the measured point dose values
were found to be less than calculated and the dose
difference between measured and calculated was
found to be greater in this study.

The deviations for plans based on IRIS cone
were found greater than those for plans based on
fixed collimator. Physical characteristics of do-
decagon-shaped IRIS collimator may be lead the
results. The disagreement between measured and
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