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Introduction: Electronic Brachytherapy (eBT) is the treatment of cancer with X-rays of energies <t 1s considered a safe treatment with good outcome,
though reports have shown occurences of unacceptable dose misadministrations!'!. Significant reasons for such misadministrations are the facts that EBT dose prescrip-
tions are almost solely based on vendor supplied dose distribution maps, and that independent dose verification is nearly non-existent. Plastic scint-
1llation detectors (PSDs) have proven feasible for relative dosimetry of low energy X-rays, and could potentially provide a simple procedure for ~

dose verification of eBT units. The purpose of this study is to perform an independent characterisgtion of the dose output and dose distribution

in water of a Papillon 50 (P50) (Ariane Medical Systems) (fig. 1) with a PSD, and investigate thesuitability for this task.

Materials: Two radiation sources were used. The first was a high-dose-rate (HDR) Ir-192 brachytherapy source (Ir-192 Flexi-
source, Elekta), whose dose-rate was assumed stable for the duration of the experiments (several minutes). The second source was a Fio 1-

. . 4 . e . . . o . ig. 1: The
P50 unit, that delivers SOX-rays via cylindrical steel applicators. In this study an applicator with inner diameter of 25 mm was | ' Papillon 50
used. The P50 has an internal ion-chamber that measures the current of electrons in the X-ray tube, giving a dose in terms of MUSs NYA it

Two detectors were used for independent measurements. The first was a well-chamber (WC) (HDR1000PLUS, Standard-lmaging),ﬂ |

which was considered a reliable detector. The second was a PSD system based on a cylindrical BCF-12 scintillator (@1 mm, L=0.5 mm) coupled to an opti-

cal fiber. The fiber transmits the scintillation light to a photo-multiplier-tube (PMT) (H5783 SEL3, Hamamatsu) that is coupled to an electrometer

webline, PTW). The WC and PSD signal 1s given as accumulated charge over a user specified time-interval. This charge is proportional to the dose deposited
itor@ during this time-interval. A water phantom with a motorised stage (MP3, PTW, Freiburg) was used for dose measurements in water.

Papillon 50~
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Methods: PSD dose linearity: The PSD probe was inserted in a water phantom and irradiated 5 minutes at a time with the HDR Ir-192 source
at a fixed distance of 4 cm. The accumulated charge over different time-intervals (range 1 s to 20 s) was measured 20-50 times for each interval. '."""‘

P50 self-monitoring vs. PSD signal: The PSD probe was placed in a block of solid water via a drilled hole. The P50’s tip

was pointed directly towards the PSD probe, separated by 5 mm solid water. The P50 was set to output a specific amount of MUs
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Fig. 3: The Papillon

50 and plastic scintil- 3
lation detector mounted "
to the water phantom.

—) o (range 100 MU to 1650 MU) before turning off. The accumulated charge in the PSD was mea-
e ! . sured 10 times for each MU value.
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Fig. 2: The ?_ -, P50 temporal stability: The PSD probe and P50 were inserted into the WC (fig. 2). The
Papillon 50 | - accumulated charge over 10 s intervals in the PSD and WC were measured repeatedly

placed in the |1t S throughout 8 irradiations of 300 s each.
well-chamber. =

Depth-dose curves: The PSD and P50 applicator were mounted on the water phantom,
such that the PSD was placed on the motorised stage underneath the tip of the P50 ap-
plicator (fig. 3). The phantom was filled with water to a level where the P50 tip just
breached the surface. The P50 was set to irradiate continously, while the PSD was
moved with the stage, measuring the dose in 2 s intervals at various depths in water.

Measurement time v. PSD signal MU v. PSD signal | Time v. MU from P50 log file | Results: PSD dose linearity:
Fit: (13.63+0.02)x+0.12+0.18 L ! Fit: (1.429+0.003)x-38.3+1.8 - ---=- Fit: (0.031+3e-06)x-1.1+0.0026 g g Figure 4 (tOp) shows the charge
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Fig. 6: (Top) The self-monitored radiation time and MU the data fleV1ates Sy_S‘tematl-
and dose output of the P50 unit. The dashed line 1s cally from a linear fit with up to

AR T (10 ) ESULEI R Su oAl - 12 % (fig. 5 bottom). The P50’s
fit. internal measurement of time vs.

Fig. 4: (Top) Signal measured with the PSD at vary-
Ing integration times when exposed to an HDR BT

Fig. 5: (Top) Signal measured with the PSD when
exposed to a P50 eBT source at varying MU-values.

Ir-192 Flexisource. The dashed line is a linear fit.
(Bottom) Residuals of measurement vs. fit.

The dashed line 1s a linear fit. (Bottom) Residuals
of measurement vs. fit.
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2 = WC when continuously irradiated by the P50 for 300
p 108 H09a0 R s. A decay of about 2 % in signal is observed for both
S 995 99.5 - > - the PSD and WC measurements. The PSD and WC
® o0l | | I | . | o e data agree within 0.5% (fig. 7 bot. left). Using the
’ 0 2 0 ° - 20 00|12 b WC measurements the signal vs. time was fitted with
WC-PSD deviation Corrected PSD signal O . : :
1.0 101.0 o an exponential function. Correcting the PSD measure-
—— Data ~-—- +1SD: 0.315% . . . : : .
o S N | . | | | * | | ments with this function gives signal values with a
- 0 10 20 30 40 50 |standard deviation of 0.315% (fig. 7 bot. right).
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| )T FM N A ETACR EER t Ri s aill Dept/h-dose curves: Figure 8 shows the relative dose

REISRRCEECS B RLCREN PICILCN DR vs. depth in water measured with the PSD and from
from Monte Carlo simulation" (orange dots) published MC results?.
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~1.0 4 | . ! 99.04 . . I | Discussion: The results indicate that the PSD is a reliable detector with good dose-
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linearity (fig. 4) and agreement with WC measurements (fig. 7 bottom right). The P50s inteérnal
Fig. 7: (Top left and right) The accumulated charge during 10 s intervals measured by 1on-chamber underestlmat-es-the dose at MU values b.elow 200 when compared tf) thc_e PSP |
the PSD and WC during 300 s irradiations with the P50. The right figure shows the measurements (fig. 5). This is due to the P50 measuring a constant dose-rate during irradiations,
NI WAV NSNS (G Y E N BN RO GG E BRI AV WM - seen on the strong linear relation of MU and time (fig. 6), in contrast to the PSD and WC meas-
CRURRE IR ORIV RS TE SRR TR Ry R LR JUURENACRUIREY | urements, that show a consistent decay in dose-rate (fig. 7). The decay is thus likely due to
B L RO  some effect happening between the P50s ion chamber and the X-ray tube’s tip. The PSD and
tion. (Bottom right) The signal measured with the PSD on the top left corrected for h s dod 4 9imle denthd : g “h MC 1
decay with the exponential function on the top right. water phantom :;)rov1 e . a 51'mp € depth-dose g’leasurement In gop agreement wit results.
The dose at arbitrary points in water could easily be measured with the PSD and phantom.
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