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Abstract

Introduction:Measurement of off-centre ratios (OCRs) is a requirement for the commissioning
of cyberknife. The fixed source to axis distance (SAD) technique is required for the measure-
ment of OCRs which is time-consuming and tedious. The fixed source to surface distance (SSD)
technique, on the other hand, is easy to set up and requires less time. The OCRs have been
measured with SAD and SSD setup and compared to assess the difference between each other.
Material and Methods: The research is carried out on an Accuracy cyberknife M6, installed at
NORI Cancer Hospital Islamabad. The OCRs are measured with Sun Nuclear ‘EDGE’ diode
detector on a Sun Nuclear SNC 3D dosimetry system. The OCRs were measured for 12 cones
and at three depths. Each OCRmeasured with the SAD setup is compared with the correspond-
ing OCR measured with SSD setup using % dose distance and distance to agreement
(2%/0·2mm).
Results: For the within-the-beam and out-of-the beam regions, both OCRs are matching with
each other. The percentage difference is in the order of less than 1%while the distance-to-agree-
ment results in 100% matching for all cones and all depths. For the penumbra region, the per-
centage difference is higher than the other two regions. The maximum percentage difference is
2·96%. Generally, the percentage difference is higher for small cones and for OCRs measured at
larger depths.
Conclusion: The OCRs on a cyberknife system measured with a fixed SSD setup and fixed SAD
setup coincide within an acceptable limit and can be measured with both setups with similar
accuracy.

Introduction

The Accuray M6 cyberknife treatment delivery system was installed at Atomic Energy Cancer
Hospital (NORI), Islamabad in June 2022. A cyberknife system is essentially a small 6 MV linear
accelerator (LINAC) mounted on an industrial robot that is capable of 6D motions. For real-
time imaging of the patient during treatment, two x-ray imaging systems are mounted on the
ceiling at 450 angle at the patient’s couch.1 The robot can compensate for the patient’s motion
during treatment using real-time x-ray images.2,3 The cyberknife system is capable of delivering
high doses to the cranial and extra-cranial targets with sub-millimetre accuracy.1,3 The dose is
delivered in single or multiple fractions to the target.4

The cyberknife consists of three collimation systems: fixed cones (fixed collimators), IRIS
and multileaf collimators. The fixed cones and IRIS have 12 circular apertures of diameters
5, 7·5, 10, 12·5, 15, 20, 25, 30, 35, 40, 50 and 60 mm. The beam data commissioning of the cyber-
knife system requires very rigorous and tedious data acquisition due to the small fields involved
in it.3,5 For small fields, careful selection of detectors and acquisition parameters is of paramount
importance.6 The precision RayStation treatment planning system (TPS) requires lateral beam
profiles which are also called off-centre ratios (OCRs), depths dose profiles and output factors
along with absolute dose for 60 mm cone using American Association of physicists (AAPM)
TG-51 protocol7–9). The recommended setup for these measurements is fixed source to axial
distance (SAD) which is laborious and cumbersome. The RayStation TPS requires the OCRs
to be measured at three depths, that is15, 100 and 300 mm at source to surface distance
(SSD) of 785, 700 and 500 millimetres (mm), respectively, for 12 cones and all apertures of
the IRIS collimation system.

The Physics Essentials Guide by Accuray describes the method for the acquisition of all the
commissioning data. The OCRs can either be measured directly with SAD setup or with SSD
setup, which can be scaled to respective SSD later. The TPS accepts only the OCRs measured
with the SAD setup.7
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This research aims to compare the OCRs measured with fixed
SAD and fixed SSD setups. The OCRs are measured for 12 cones
with both SSD and SAD settings and compared with each other.
Joane Vale et al.10 made the same comparison for only three cone
sizes of 40 mm, 50 mm and 60 mm. The present work aims to
expand this work to all cones and with more statistical analysis.

Material and Method

OCRs were measured on the cyberknife M6 system with 12 cones
with dimensions 5, 7·5, 10, 12·5, 15, 20, 25, 30, 35, 40, 50 and
60 mm diameters. The dosimetry system used for the measure-
ments was a Sun Nuclear SNC 3D scanning system with a Sun
Nuclear diode detector ‘EDGE’ which has an active measuring vol-
ume of 0·019 mm3·11 Before the measurements, the cyberknife
LINAC head was aligned perpendicular to the phantom using a
pinhole collimator tool, specifically provided for this purpose.
After the phantom setting, cross-plane and in-plane scans were
performed at two different depths, and the inclination between
the phantom and LINAC head was calculated. Minor adjustments
were made in the LINAC roll and pitch to ensure the inclination
remain under 0·02 degrees. For changing the SSD in fix SAD setup,
the LINAC head was moved vertically keeping in mind that incli-
nation should remain below 0·02 degrees.

The OCRs were measured for all cones at three different depths
15, 100 and 300 mm, both with fix SSD= 80 cm setup and fix
SAD = 80 cm Setup. For SAD setup, SSD was set at 78·5, 70 and
50 cm for respective depth OCR. Both in-plane and cross-plan
OCRs were measured and averaged to get one single profile.
This averaged OCR is then exported as a text file compatible with
RayStation TPS. This export averages each profile’s left and right
halves and then takes half profile to be imported by the TPS. Each
point in this final half profile is an average of four points. OCRs are
normalised at a central axis value of 1 and listed to three decimal
points.

The setup of phantom and LINAC head requires very focused
effort and time for each measurement. For fix SAD setting, this
effort has to be repeated three times, because for each change of
SSD, the perpendicularity of the LINAC head with phantom has
to be checked and ensured to be within the 0·02 degrees. For this
repetition of work, SAD setup uses more effort, while with fix SSD
setting, the phantom has to be setup once

For analysis, each field is analysed at three different regions, that
is within the field (from the central axis to 80 per cent dose),
penumbra region (from 80 per cent to 20 dose value) and out-
of-beam (with dose value less than 20 per cent).

All the OCRs measured with SSD and SAD setup are compared
point by point with each other for respective cones and depth. The
gamma analysis was also done by arbitrarity selecting the OCR of
the SAD technique as the reference OCR for each depth.

Gamma analysis

All the curves were analysed using three different dose distance and
distance-to-agreement (DTA) criteria. As cyberknife is a modality
of sub-millimetre accuracy so it demands commissioning data to
be measured with sub-millimetre resolution. The OCRs were mea-
sured for 0·2mm resolution for all cones with Ø≤20mm and
0·5mm for large cones with Ø≥20mm. For DTA, the distance
was selected as per the resolution of the OCR. All OCRs were com-
pared to 1%/0·2, 2%/0·2 and 3%/0·2mm. For the calculation of the
gamma index, the following formula was used:

G ¼ min
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Ddi
DD

� �
2
þ DSi

DS

� �
2

s" #

whereΔdI is the difference of doses in OCRs of SAD and SSD tech-
niques at any location,ΔSi is the distance between these two points
whileΔDandΔS are two arbitrary constants selected as acceptance
criteria.12,13 In this case, we calculated Γ for ΔD as 1%, 2% and 3%
while for ΔS was set to 0·2mm as it is the measurement resolution
for the OCR measurements. The points that have a gamma index
smaller or equal to 1 are considered as pass while the ones having
a larger than 1 value are considered as Fail. The results for the
1%/0·2mm gamma criterion were mostly failing in the penumbra
region, while for 3%/0·2mm, all the cones were 100% matching for
each region and scan depth. The percentage of passing points for
each OCR for the gamma criteria of only 2%/0,2mm is reported in
tables.

Results

OCR-15 mm depth

For OCR at a scan depth of 15 mm, the results are tabulated in
Table 1. Within the radiation beam (having a dose of more than
80% of the central axis dose and out-of-beam (dose lower than
20%) regions, both SSD and SAD profiles are closely matched.
The mean and standard deviation around the mean of the percent-
age difference in this region is insignificant. Generally, mean per-
centage difference is higher for smaller cones. The gamma analysis
is a 100% match for the gamma criteria of 2%/0·2mm for both
regions. Themaximumpercentage difference between the two pro-
files is also higher for smaller cones as clear from Table 1.

For the penumbra region, the difference is a bit higher as com-
pared to within-the-beam and out-of-beam regions. The maxi-
mum percentage difference for all cones is around 1% except for
12·5mm cones which are 2·53%. The mean percentage difference
for the penumbra region for all cones is also higher as compared to
the other two regions. The gamma analysis for this region also gives
100% results for 2%/0·2mm for all cones except the 12·5 mm cone.
For this cone size, only 61·5% pass the gamma criteria.

Figure 1 demonstrates the mean of the percentage difference
between SSD and SAD setup for OCR-15mm. From the graph,
it is clear that the mean percentage difference is higher for smaller
cones as compared to larger ones. It is also evident that the mean
percentage difference is higher for the penumbra region.

Figure 2 is the bar chart for the percentage of gamma indices in
a specific range of values for 2%/0·2mm gamma criteria. For all
cones, more than 90% of the gamma index values lie in the
0–0·2 range. A small percentage of points has a value in higher
ranges. For larger cones, the percentage of gamma indices in ranges
higher than 0·2 is a bit higher than for the smaller cones.

100 mm depth OCR

For the penumbra region of OCRs at 100mm depth, all cones
except 7·5 mm cone, pass the gamma criteria of 2%/0·2mm. For
a 7·5mm cone, only 36·4% of points have a gamma value smaller
than 1. The mean percentage difference is also as high as 1·27 with
a standard deviation of 0·58. The individual point difference could
go up to more than 1·5% for some cones.

For region within the beam and outside of the beam, the mean
and standard deviation is lower than the penumbra region. It
remains under 0·5 except for the 10 mm cone where it went as high
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as 0·68 with a standard deviation of 0·53. All the cones have 100%
of the points passing the gamma criteria. Generally, smaller cones
exhibit a larger difference in all three regions as tabulated in
Table 2.

Figure 3 shows the mean percentage difference for all collima-
tors as a bar chart for each region for an OCR depth of 100 mm. It
also behaves similarly to OCR 15 mm depth. The smaller cones
exhibit a larger mean difference for all three regions. The penum-
bra region also has a higher mean percentage difference as com-
pared to the within-the-beam and out-of-beam regions.

Figure 4 represents the results of gamma analysis with gamma
criteria of 2%/0·2mm. For each cone, most of the points have gamma
index values lying between the 0–0·2 range with a very small per-
centage of points in higher ranges. The number and hence percent-
age of points having a gamma index value of more than 1 are
minimal.

300 mm depth OCR

The mean percentage difference is quite high for the OCR at a
depth of 300 mm as compared to the OCRs at a depth of 15
and 100mm. Table 3 has the tabulated values of mean percentage
difference with standard deviation, gamma analysis for 2%/0·2mm
and the highest value of percentage difference between SSD and
SAD setup for each cone and three regions for OCR 300mm.

The mean of the percentage differences within the beam is
higher for small cones with the highest being 0·88 ± 0·77% for a
5mm cone. Generally, the mean of percentage difference and stan-
dard deviations are higher for small cones within the beam region.
For out-of-beam region, the mean percentage difference is higher
for larger cones with 1·06 ± 0·4% for the 60 mm cone. In the
penumbra region, the mean percentage difference is around 2%
with the highest being 2·38 ± 0·43% occurring for the cone of
10mm diameter.

The individual percentage difference at any point is a bit higher
for OCR-300mm within-the-beam and out-of-beam region as
compared to the same points for OCRs of the other two depths.

Table 1. Comparison of OCR at depth 15mmmeasuredwith fixed SAD and fixed SSD setup. The comparison parameters are themean of the percentage difference and
associated standard deviation, gamma analysis with gamma criteria 2%/0·2mm and maximum percentage dose difference

Cone Within-the-Beam 80%–100% Penumbra 20%–80% Out-of-Beam 0–20%

Ø-mm
Mean %
age diff. STD

Gamma
Analysis

Max. %
diff

Mean %
age diff. STD

Gamma
Analysis

Max. %
diff

Mean %
age diff. STD

Gamma
Analysis

Max. %
diff

5 0·39 0·34 100 0·9 0·59 0·34 100 1·1 0·04 0·34 100 0·6

7·5 0·24 0·22 100 0·7 0·44 0·25 100 0·7 0·02 0·04 100 0·1

10 0·16 0·15 100 0·5 0·55 0·34 100 1·1 0·06 0·16 100 0·9

12·5 0·34 0·32 100 1·15 1·65 0·64 61·5 2·53 0·04 0·06 100 0·32

15 0·10 0·11 100 0·46 0·78 0·46 100 1·41 0·04 0·07 100 0·33

20 0·07 0·06 100 0·2 0·46 0·21 100 0·7 0·06 0·10 100 0·4

25 0·11 0·06 100 0·2 0·08 0·35 100 1·2 0·05 0·11 100 0·5

30 0·11 0·10 100 0·3 0·08 0·05 100 0·1 0·05 0·11 100 0·4

35 0·15 0·11 100 0·4 0·48 0·35 100 0·9 0·04 0·08 100 0·3

40 0·11 0·16 100 0·9 0·65 0·27 100 1 0·04 0·06 100 0·2

50 0·18 0·11 100 0·7 1·14 0·29 100 1·5 0·08 0·13 100 0·5

60 0·08 0·07 100 0·2 0·32 0·20 100 0·5 0·05 0·11 100 0·5
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Figure 1. The mean percentage difference in OCRs measured with SSD and SAD
setup at depth of 15mm for within-beam, penumbra and out-of-beam regions for
all cones.
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Figure 2. The percentage of gamma indices falling into a specific range of values for
all cones for the OCRs measured at a depth of 15mm. For all cones, a significant num-
ber of gamma indices fall in the 0–0·2 range.
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Generally, the percentage difference between OCRs measured with
SSD and SAD setup at 300mm depth is higher for smaller cones
than for larger cones. For smaller cones, it is close to above 2%
for within-the-beam and out-of-beam region. For the penumbra
region, it is just short of three % for some points, the highest being
2·95% for a cone 15mm and 2·64% for a 12·5mm cone.

For out-of-beam region, all cones are passing the gamma criteria
of 2%/0·2mm. For within-the-beam region, 100 points passed the
gamma criteria for all cones except cone 35mm for which the gamma
index is 88%. The maximum difference between the SSD two OCRs
occurred for the penumbra region where for cones 5mm, 15mm and
35mm, gamma indices are 50%, 16·5% and 57·2%. For all other
cones, 100% points are passing the gamma criteria.

Figure 5 represents the average percentage difference in three
regions for OCRs measured at 300 mm depth for all cones. It is
quite clear that themaximum difference is in the penumbra region,
while within-the-beam and out-of-beam regions, the mean per-
centage difference is quite low.

Figure 6 is a visual representation of the percentage of gamma
indices falling in a specific range. For most of the cones, an over-
whelming majority of gamma indices fall in the 0–0·2 range. For
cones of diameter 50mm, 40 mm and 35mm, most of the points
lie in a region of the values from 0–0·6. There is also a significant
percentage of points having values close to or even greater than 1
for OCR of 300mm depth.

Discussion

As discussed in introduction section, the calculation algorithm in
RayStation TPS requires the OCRs measured in SAD setting but
the measurement setup for fix SAD setting requires more effort
and time while the setup for fix SSD is relatively easy and less
time-consuming. If the OCRs are measured with SSD setting for
the TPS, their results ought to be coinciding with the results of
fix SAD setup within an acceptable limit.

The percentage difference between OCRs measured with SSD
and SAD setups is different for different regions with the highest
in the penumbra region. For any cone and any depth measure-
ment, the OCRs with both techniques do not differ more than
3%. For each region, the percentage dose is generally higher for
small cones than for cones of larger diameter. For each beam
and either of the depth, within-the-beam and out-of-beam region
have minimal percentage difference between the two OCRs. For
the penumbra region, the difference is a bit higher than the other
two regions. The results are coincident with the findings of earlier
work.10

The analysis of the percentage difference concerning the depth
of OCR reveals that the average percentage difference between the
two setups, averaged over a region, is higher for larger depths of
OCRs. This is true for every three regions of the OCR for each cone
as evident from Figure 7.
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Figure 3. The mean percentage difference in OCRs measured with SSD and SAD setup at depth of 100mm for within-beam, penumbra and out-of-beam regions for all cones.

0·00

10·00

20·00

30·00

40·00

50·00

60·00

70·00

80·00

90·00

100·00

60mm 50mm 40mm 35mm 30mm 25mm 20mm 15mm 12·5mm 10mm 7·5mm 5mm
0-0·2 0·21-0·40 0·41-0·6 0·61-0·8 0·81-1

Figure 4. The percentage of gamma
indices falling into a specific range of
values for all cones for the OCRsmea-
sured at a depth 100mm. For all
cones, a significant number of
gamma indices fall in the 0–0·2 range.
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Table 2. Comparison of OCR at depth 100mmmeasured with fixed SAD and fixed SSD setup. The comparison parameters are the mean of the percentage difference
and associated standard deviation, gamma analysis with gamma criteria 2%/0·2mm and maximum percentage dose difference

Cone Within-the-beam 80%–100% Penumbra 20%–80% Out-of-beam 0–20%

Ø-mm
Mean %
age diff. STD

Gamma
analysis

Max. %
diff

Mean %
age diff. STD

Gamma
analysis

Max. %
diff

Mean %
age diff. STD

Gamma
analysis

Max. %
diff

5 0·39 0·30 100 0·8 0·79 0·38 100 1·3 0·06 0·20 100 1·1

7·5 0·27 0·23 100 0·7 0·37 0·21 36·4 0·7 0·03 0·05 100 0·2

10 0·68 0·53 100 1·6 1·08 0·63 100 1·8 0·04 0·07 100 0·3

12·5 0·31 0·35 100 1·17 1·04 0·58 100 1·72 0·05 0·10 100 0·54

15 0·29 0·14 100 0·69 0·80 0·36 100 1·25 0·06 0·15 100 0·78

20 0·12 0·09 100 0·3 0·51 0·21 100 0·8 0·08 0·17 100 0·9

25 0·13 0·13 100 0·4 0·17 0·10 100 0·3 0·04 0·05 100 0·1

30 0·15 0·13 100 0·4 0·70 0·44 100 1·1 0·05 0·10 100 0·7

35 0·19 0·31 100 1·3 1·27 0·58 100 2 0·10 0·21 100 1

40 0·08 0·10 100 0·5 0·48 0·29 100 0·8 0·08 0·18 100 0·9

50 0·07 0·05 100 0·2 0·37 0·20 100 0·7 0·05 0·06 100 0·3

60 0·08 0·07 100 0·2 0·32 0·20 100 0·5 0·05 0·11 100 0·5

Table 3. Comparison of OCR at depth 300 mmmeasured with fix SAD and fix SSD setup. The comparison parameters are the mean of the percentage difference and
associated standard deviation, gamma analysis with gamma criteria 2%/0·2mm and maximum percentage dose difference

Cone Within-the-beam 80%–100% Penumbra 20%–80% Out-of-beam 0–20%

Ø-mm
Mean %
age diff. STD

Gamma
analysis

Max. %
diff

Mean %
age diff. STD

Gamma
analysis

Max. %
diff

Mean %
age diff. STD

Gamma
analysis

Max. %
diff

5 0·88 0·77 100 2·2 2·21 0·53 50 2·9 0·14 0·37 100 2·1

7·5 0·12 0·20 100 0·7 2·04 0·45 100 2·5 0·14 0·21 100 1·5

10 0·44 0·33 100 1·1 2·25 0·52 100 2·8 0·16 0·25 100 1·9

12·5 0·56 0·26 100 1·01 2·17 0·37 100 2·64 0·20 0·27 100 1·93

15 0·69 0·47 100 1·26 2·38 0·43 16·5 2·95 0·25 0·32 100 1·92

20 0·28 0·20 100 0·8 1·12 0·29 100 1·3 0·24 0·39 100 1·9

25 0·37 0·30 100 1·1 0·80 0·29 100 1·2 0·13 0·09 100 0·2

30 0·16 0·15 100 0·6 1·25 0·59 100 1·9 0·36 0·34 100 1·9

35 0·19 0·76 88 2·4 1·27 0·95 57·2 2·9 0·10 0·22 100 0·9

40 0·19 0·20 100 0·7 0·60 0·00 100 0·6 0·73 0·21 100 1

50 0·17 0·22 100 1 1·16 0·23 100 1·5 0·93 0·21 100 1·3

60 0·26 0·28 100 1·4 1·45 0·58 100 2 1·06 0·40 100 1·6
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Figure 5. The mean percentage difference in OCRs measured with SSD and SAD setup at depth of 300mm for within-beam, penumbra and out-of-beam regions for all cones.
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Conclusion

From the data in the result and discussion section, it can be con-
cluded that the OCRs for the Accuray Precision TPS can be mea-
sured in SSD technique and using SSD correction. The percentage
difference in OCRs measured with SSD and SAD techniques is
minimal in regions other than the penumbra region and can be
ignored for practical purposes. For the penumbra region, this dif-
ference can go a bit higher but not more than 3%. This concludes
that we can measure OCRs with the SSD technique which required
less time and labour. The use of a fixed SSD technique can bring the
time of cyberknife commissioning down to weeks instead of
months. For more emphasis on accuracy, the SAD technique
may be considered for larger depths, for example 300 mm, while
for smaller depths, for example 100 mm and 15 mm, OCRs can
be measured with the SSD technique to save time and effort.
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