N
N

N

HAL

open science

SciF'i detector and associated method for real-time

determination of profile and output factor for small
fields in stereotactic radiotherapy

P. Pittet, J. Esteves, J-m Galvan, G-n Lu, F. Blanc, G. Haefeli, P. Hopchev,

S. Rit, L. Desbat, J. Ribouton, et al.

» To cite this version:

P. Pittet, J. Esteves, J-m Galvan, G-n Lu, F. Blanc, et al.. SciFi detector and associated method
for real-time determination of profile and output factor for small fields in stereotactic radiotherapy.

Medical Physics, 2020, 47 (4), pp.1930-1939. 10.1002/mp.14019 . hal-02444252

HAL Id: hal-02444252
https://hal.science/hal-02444252
Submitted on 29 Sep 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-02444252
https://hal.archives-ouvertes.fr

t.)

Check for
updates

SciFi detector and associated method for real-time determination of profile
and output factor for small fields in stereotactic radiotherapy

P. Pittet®, J. Esteves, J.-M. Galvan, and G.-N. Lu
Institut des Nanotechnologies de Lyon INL, CNRS UMRS5270, Université de Lyon, Université Claude Bernard Lyon 1, F-69100,
Villeurbanne, France

F. Blanc, G. Haefeli, and P. Hopchev
Laboratoire de Physique des Hautes Energies LPHE, EPFL, CH-1015, Lausanne, Switzerland

S. Rit
University Lyon, INSA-Lyon, Université Claude Bernard Lyon 1, CNRS UMR 5220, Inserm U1206, CREATIS, Lyon, France

L. Desbat
University Grenoble Alpes, CNRS, Grenoble INP, TIMC-IMAG, F-38000, Grenoble, France

J. Ribouton and P. Jalade
Service de Radiophysique et Radiovigilance, Hospices Civils de Lyon Centre Hospitalier Lyon Sud, F-69495, Pierre-Bénite, France

(Received 30 September 2019; revised 8 January 2020; accepted for publication 9 January 2020;
published 30 January 2020)

Purpose: For determining small-field profile and output factor during stereotactic radiotherapy quality
assurance (QA) procedures, we propose a novel system based on the scintillating fiber (SciFi) detector
with output image acquisition and processing to allow real-time monitoring of profile and output factor.
Materials and methods: The employed detector is a SciFi detector made of tissue-equivalent scintil-
lating plastic fibers arranged in 6-layer fiber ribbons with a fiber pitch of 275 pum in each layer. The
scintillating signal at the detector output is acquired by a SCMOS (scientific complementary metal—
oxide—semiconductor) camera and represents the projected field profile along the fibers axis. An iter-
ative reconstruction method of the field from its projected profile based on a priori knowledge of
some features of the radiation field defined by the stereotactic cones is suggested. The detector with
implemented data processing has been tested in clinical conditions, for determining beam profiles
and output factors, using cone collimators of different sizes from 4 to 15 mm diameter. The detector
under test was placed at 1.4 cm depth and 98.6 cm source to surface distance (SSD) in a water-equiv-
alent phantom and irradiated by a 6 MV photon beam.

Results: The reconstructed field profiles obtained from the detector are coherent with data from
EBT3 radiochromic films, with differences within +0.32 mm for both the FWHM and the penumbra
region. For real-time determination of the field output factor, the measured data are also in good
agreement with data independently determined by the French Institute for Radiological Protection
and Nuclear Safety (IRSN) based on radiochromic films and thermoluminescent 1 x 1 mm? micro-
cubes dosimeters (TLD). The differences are within +1.6% for all the tested cone sizes.
Conclusions: We propose and have tested a SciFi plastic scintillating detector with an optimized sig-
nal processing method to characterize small fields defined by cone collimators. It allows the determi-
nation of key field parameters such as full width at half maximum (FWHM) and field output factors.
The results are consistent with those independently measured using TLD and radiochromic films. As
the SciFi detector does not require a correction factor, it is in line with the International Atomic
Energy Agency (IAEA) and the American Association of Physicists in Medicine (AAPM) TRS-483
recommendations, and can be suitable for online QA of small radiation fields used in photon beam
radiotherapy, and is compatible with MRI-LINAC. © 2020 The Authors. Medical Physics published
by Wiley Periodicals, Inc. on behalf of American Association of Physicists in Medicine. [https://
doi.org/10.1002/mp.14019]
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1. INTRODUCTION

In modern radiation therapy, small static photon fields for the
treatment of intra- and extracranial tumors have increasingly
been used. They are associated with at least one of the follow-
ing physical conditions: (a) There is a loss of lateral charged
particle equilibrium (as the field sizes approach that of the
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lateral secondary electron range) and (b) there is partial

occlusion of the primary photon source by the collimating
devices on the beam axis.' ™

Small fields are obtained by flattened or un-flattened

high-energy photon beams shaped either with micro-multi-

leaf collimators (MLCs) or with a set of conical collimators.

The use of cones is typically preferable for targets smaller

© 2020 The Authors. Medical Physics published by Wiley Periodicals, Inc.
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than the leaf width since they provide higher mechanical sta-
bility and sharper dose falloff compared to micro-MLC.*

Due to the profound clinical consequences of incorrect
beam data, there has been a strong demand for systematic
and independent assessment of small radiation fields during
commissioning and periodic quality assurance (QA) proce-
dures.” However, such procedures are time-consuming tasks
to implement and therefore remain particularly challenging.
They require the use of appropriately small detectors with
accurate positioning to limit the volume-averaging effect on
the large dose gradients associated with the small fields.”
Moreover, small-field related partial occlusion of primary
photon source, loss of lateral charged particle equilibrium
and the perturbation of the charged particle fluence can
become a serious issue for non-tissue-equivalent detectors.”

To address these problems, there has been a very dynamic
research activity over the last decade, in particular concerning
the determination of the output factor (OF) which is a critical
dosimetric parameter for the characterization of small fields
used in radiotherapy.**~’

Correction factors have been proposed for small-field
dosimetry based on solid-state detectors such as diodes and
microdiamonds.®'*!" However, in the recent joint IAEA —
AAPM publication of the International Code of Practice
TRS-483, the use of detectors that exhibit output correction
factors close to unity is recommended for the field output fac-
tor determination.” Radiochromic films and plastic scintilla-
tion detectors fulfill this recommendation and are of
particular interest for small-field dosimetry.'””"* However,
radiochromic films are two-dimensional (2D) detectors
requiring post-processing and they do not allow real-time QA
procedures. Plastic detection scintillators are mainly imple-
mented as point detectors and thus require (a) an accurate
positioning in the field for the output factor determination
(which can be delicate to implement) and (b) a 2D displace-
ment of the point detector for scanning the irradiated area,
which is not compatible with real-time requirements.

The aim of the study reported here was to explore the use of
the scintillating fiber (SciFi) detector, a 2D highly spatially
resolved plastic scintillating detector (initially developed for the
LHCb experiment at CERN) with an optimized signal process-
ing method for small-field commissioning and QA proce-
dures.'>'® Our investigation focuses on this detector to measure
output factors of small static fields defined by stereotactic cones
in 6 MV photon beams. The obtained results are compared with
those obtained independently from Institute for Radiological
Protection and Nuclear Safety (IRSN, France) with both radio-
chromic films and micro-cubes thermoluminescent dosimeters,
as recommended for small-field monitoring by Bassinet et al."’

2. MATERIALS AND METHODS

2.A. The SciFi scintillating detector and signal
acquisition

The SciFi detector initially developed for the LHCb experi-
ment at CERN is made of tissue-equivalent, 250 pm in
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diameter, polystyrene scintillating fibers (SCSF-78MJ, Kur-
aray, Japan) arranged in a staggered close-packed geometry to
6-layer fiber ribbons (with a fiber pitch of 275 pm in each
layer) as shown in Fig. 1.'>'® The radioluminescence signal at
the fibers output has a spectrum from 415 to 550 nm, and
peaks at 450 nm."> The fibers have been bonded with a tita-
nium dioxide (20% in weight) loaded two-component epoxy
which fills the gap between the fibers and reduces the optical
cross talk between the waveguides. The detector is covered by
25 um thick Kapton foils on both top and bottom faces for
required stiffness in practical use. 3M Enhanced Specular
Reflector (ESR) film is glued on one end of the ribbon to max-
imize scintillation signal detection at the other end of the rib-
bon. The detector manufacturing is described in the LHCb-
PUB-2015-008 CERN report.'® The SciFi detector prototype
is 40 cmin length, 13 c¢m in width, and 1.4 mm in thickness.

Figure 2 illustrates small-field monitoring using SciFi
detector and a sCMOS camera (Zyla 5.5, Andor-Oxford
Instruments Ltd, UK) equipped with a macro video lens
(Zoom 7000 from Navitar Inc., USA). The SciFi detector is
placed in the plane perpendicular to the beam axis, with cen-
ter alignment. Under radiation, each fiber output of the detec-
tor gives an integrated scintillating signal, and the detector
output provides a profile of integrated scintillating signals.
The camera (with connected laptop) serves to acquire image
for signal monitoring, storage, and processing. It is noted that
each layer of SciFi detector gives a fiber pitch of 275 pm and
that fibers in an adjacent layer are arranged to be shifted by
half of a pitch. The acquired 6-layer image allows a resolution
of 137.5 um in the direction orthogonal to the beam assum-
ing that the deposited dose is the same in each layer.

Since the camera is placed inside of the medical LINAC
vault, radiation-induced transient noise appears on the cap-
tured image as sharp spikes or impulses affecting one or a
small cluster of pixels, and thus, a 3 x 3 median filter pre-
processing method is applied on the acquired images to
reduce the impulse noise contribution.'®

To further improve SNR (gain of 14 dB), a 5 x 5 image
binning is applied at the expense of image resolution. How-
ever, the image resolution remains acceptable for the SciFi
detector’s resolution (~140 um).19

Considering the DICOM coordinate system (illustrated in
Fig. 2), the profile of scintillating signals at the output of
SciFi detector, p(x), is determined on image by y-axis inte-
gration. This profile corresponds to a one-dimensional (1D)
projection of the radiation field in z-axis direction.

The obtained data are used as input for the proposed
reconstruction algorithm that will be described later.

2.B. Experiment conditions

All measurements presented in this paper have been carried
out at the radiotherapy department of the University Hospital
of Lyon (Centre Hospitalier Lyon Sud). Radiation is provided
from Novalis TRUBEAM STX (Varian Medical Systems Inc,
USA) to deliver 6 MV flattened photon beam at a dose rate of
600 MU/min. A set of stereotactic conical collimators with
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nominal diameters of 15, 12.5, 10, 7.5, 5 and 4 mm are
employed. When stereotactic cones are attached to the
LINAG, the field size defined by the jaws is setto 3 x 3 cm?
in service mode and kept constant for all the cone sizes.

The SciFi detector is placed in a solid water phantom at a
source-to-detector distance (SSD) of 100 cm and depth of
maximum dose (1.4 cm). These experimental conditions have
been used by IRSN, and thus, we have adopted it for compar-
ison of our results with EBT3/TLD data from IRSN. The
phantom size is 30 x 30 cm? to provide the proper scatter-
ing conditions, and 10-cm slabs are used for backscatter. The
SciFi detector and the phantom are positioned to be aligned
with the room lasers conventionally employed to project the
LINAC axis and isocenter for patient positioning. This
ensures the radiation field to be within the detector area.
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For measurements using 3 x 3 cm® square field, the
SciFi detector can be irradiated with different orientations by
changing the collimator angle.

Each captured image is obtained by integrating scintillat-
ing signal at the SciFi detector output over 2 s, which corre-
sponds to 20 MU at the LINAC output. This integration time
has been chosen, on the one hand, to ensure sufficient signal
magnitude and, on the other, to limit the number of pixels
affected by radiation-induced transient noise as mentioned
above.

The acquired data are compared with those independently
obtained by IRSN using the same equipment following a
protocol based on passive dosimeters.'* Their protocol
implemented radiochromic films (EBT3 Gafchromic®, Ash-
land Advanced Materials Inc., USA) and micro-cubes
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(I mm x I mm x 1 mm) LiF:Mg,Ti thermoluminescent
dosimeters (TLD-700, Harshaw, USA). Four films and four
TLD dosimeters were used for each field size, and the out-
put factors were determined over two measurement cam-
paigns. This protocol for film dosimetry aimed at
minimizing uncertainties of data especially from mishan-
dling of films."*

2.C. Approach of SciFi detector data processing for
dose profile reconstruction

It is worth mentioning that the radioluminescence signal
at the output of each fiber of the SciFi detector results from
signal integration along the irradiated fiber length weighted
by its optical attenuation and scintillation efficiency.” Thus,
each acquired image from the SciFi detector output corre-
sponds to the dose distribution profile of the irradiation field
projected along the SciFi detector axis. It is possible to
acquire several images with different orientations of the
detector in the field to allow tomographic dose reconstruction
as initially proposed by Goulet et al.*® However, for a small
field shaped with any stereotactic cone, we can use the a pri-
ori knowledge of the symmetry of revolution of the field for
the implementation of a direct field reconstruction from a sin-
gle image of the SciFi detector output. This approach is sim-
pler to implement and does not suffer from SciFi detector-
repositioning uncertainties nor from eventual dose rate varia-
tions during detector repositioning.

It is noted that the projected dose profile from the
acquired image is centered. If this profile remains the same
for any orientation in the field, it will be possible to use
Algebraic Reconstruction Techniques (ART) for instance
with the Simultaneous Iterative Reconstruction Technique
(SIRT algorithm) or total variation minimization iterative
reconstruction algorithm.”**' However, such an approach
applied to our case is quite sensitive to noise. For improve-
ments, we propose a more robust algorithm which takes into
account two following aspects: (a) revolution symmetry of
the reconstruction field; (b) dose decrease with the off-axis
distance.

In our approach, we assume that the dose distribution at
the detector depth in the field and in the penumbra can be
approximated by a superimposition of disks of decreasing
diameters whose thickness represents a fraction of the dose
as illustrated in Fig. 3. The center of these disks is determined
by the center of gravity of the projected dose profiles and cor-
responds to the beam axis.

Based on this assumption, the reconstruction algorithm is
simplified to mainly determination of the thickness of each disk.

Thus, considering m disks of strictly increasing radius
Rj| 1, With Ry > 0, the integrated dose over the ith waveg-
uide of the SciFi detector can be written as a function of disk
thickness ﬁj|

j=1..m"

Si=2> 8P\ /R — 2 1)
j=1
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o if v < R:

where O =1 xi< .RJ
0;j =0 otherwise

beam axis

and x; is the distance of the ith

waveguide from the with 0<x;<x
S e S <X

It is noted that if the SciFi detector is not limited to one
half of the field but covers the full radiation field, there is a
second waveguide at a distance x; from the beam axis if
i # 1. In that case, S; corresponds to the average of the signal
measured at the two waveguide outputs.

The SciFi detector output can be expressed in matrix form

as follows:

S a0 0 0 B

S» ap an - 0 0 B>

N e o : : : 2
Sn—1 An—11 Gp—12 *** Au—1im—1 O B

Sn anl an2 Apm—1  Apm ﬁm

with

ay =20\ /R — 2 3)

We adopt an iterative resolution of this overdetermined
linear system Af =S(n>m), to minimize the norm
||[AB — S|| with a non-negative constraint on f3;. We solve it
using Simultaneous Iterative Reconstruction Technique
(SIRT).?” However, this is an ill-conditioned inverse problem
which requires the use of a regularization method to obtain a
smooth and stable solution in the presence of noisy data. The
adopted regularization method consists in limiting the num-
ber of iterations in the SIRT algorithm.*

The update equations are as follows:

Bi s
Ba ki
Bri1 = = B + CATR(S — Afy) @
ﬁmfl,kJrl
ﬁmAkJrl
and
If B 41 <O, then B,y = O|j:1..m ©)

where C and R are the diagonal matrix that contain the inverse
of the sum of the columns and rows of the system matrix A,
respectively, thatis, ¢; = 1/ > azandr; =1/ ajj.

To reconstruct the small fields (defined by (]:one collima-
tors) from the one-dimensional projected profiles, we imple-
ment the SIRT algorithm with the following parameters for
computations:

® n = 123 which corresponds to the 24.6 mm wide pro-
jected profile by considering the 200 um sampling of
the profile

® Rii = R; + 200 um, with Ry = 400 um and
R = 24.8 mm (i.e., m = 122 which allows a full field
coverage)
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FiG. 3. (a) Three-dimensional surface plot (isolines) of EBT3 film image for the field obtained with the 6-mm cone and proposed model for the dose distribution
obtained with stereotactic cones (b) perspective (c) side and (d) top schematic views. One fiber of the SciFi detector is shown in yellow on this schematic at off-

axis distance of x;. [Color figure can be viewed at wileyonlinelibrary.com]

e Nb_it = 7000 iterations

Bio 0

Bao 0

The initial condition is f, = : =1
ﬂm— 1,0 0

:B m,0 0

The reconstructed dose profile, p,(x), is computed by
using the following relationship:

pr(x) = Z 5x.jﬁj,Nh_it\/ R/2 —x? (6)
=

5):] =1 ifx S Rj
where { 0yj =0 otherwhise

A reconstructed image of the field can also be computed
by using the symmetry of revolution of the field. Each pixel’s
gray level, I,(x,z) in the DICOM coordinate system can be
calculated as follows:

I(x,z) = p,-(\/ x>+ 22) (7

The computation time for iterative reconstruction of the
field is much shorter than 1 s using a core i5 laptop (Intel
Core 15-8350U processor), which is acceptable for real-time
field monitoring.

3. RESULTS

3.A. Signal at SciFi detector output for 3 x 3 cm?
field size

Figure 4(a) shows a raw image from the SciFi detector
irradiated by a 3 x 3 cm? square field. It allows distinction
of each irradiated fiber, with a good signal to noise ratio for
image processing. Figure 4(b) plots the corresponding 1D
projected profile, p(x).

Measurements have been made with the SciFi detector
irradiated at various collimator orientation angles from 0° to
45°. Figure 5 shows the 1D projected profile corresponding
to each set angle, in comparison with profile determined by
using EBT3 film for measurements in the same conditions.
There is a good agreement between SciFi and EBT3 data for
all field orientations.
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Fic. 4. (a) Signal at the output of the scintillating fiber prototype irradiated by
a3 x 3 cm?” field, with a zoom showing the fibers arrangement in the detector
and (b) the one-dimensional projected profile, p(x), determined on image by
y-axis integration (DICOM patient coordinate system is also displayed on the
images). [Color figure can be viewed at wileyonlinelibrary.com]

3.B. Signal at SciFi detector output for stereotactic
conical collimators

The SciFi detector has also been tested in other fields by
using 4-, 5-, 6-, 7.5-, 10-, 12.5-, and 15-mm stereotactic coni-
cal collimators. Figure 6 compares signals at the SciFi detec-
tor output, and EBT3 film images for fields obtained with 5-,
10-, and 15-mm cones.

We can observe that the signal level at the SciFi detector
output decreases when the field becomes smaller, as shown
in Fig. 7. This is because smaller fields mean shorter lengths
of the SciFi scintillating waveguides under radiation, thus
measuring weaker signals. However, the signal at the detec-
tor’s output remains measurable even for the 4-mm cone with
a signal to noise ratio sufficient for reliable dose profile
reconstruction as shown later.

It is worth mentioning that the detector and the phantom
have been maintained in the same position for these measure-
ments when changing conic collimators. These results can
serve to quantify any displacement of the field center caused
by collimator mounting.

To evaluate field center shift due to collimator mounting,
we have processed 5 images of the detector output per coni-
cal collimator to determine the field center from the 1D pro-
jected profiles, p(x). Table 1 presents statistical results on


www.wileyonlinelibrary.com
www.wileyonlinelibrary.com

1935 Pittet et al.: System for online QA of small fields

00
----- SciFi ———EBT3 film
. z
z 4]
=
5 L
S + t’ X
- L
2 r
&
= 05 +
8 L
Q -
U
8 [
o r el -
g 0 ||||Iu-¢'t|‘ t t 1 III‘P‘III!I:
b -40 -30 -20 -10 0 10 20 30 40
o N _
-2 off-axis position (mm)

30°

----- Scifi ———EBT3 film
2 14
5 L
= L
- L
Q +
= 05 +
8 N
o L
AQJ
§ .
5 L
Q 0 |
s 40 -30 -20 -10 0 10 20 30 40
@ . .
-2 off-axis position (mm)

1935

15°

————— ScifFi ———EBT3 film
2 1+
=
5 L
s L
- L
@ o
&
S 05 +
8 L.
Q .
U
o i
Q [ -
g 0 |||1:h ll-l--Illlli
g -40 -30 -20 -10 0 10 20 30 40
& off-axis position (mm)

45°

----- SciFi ———EBT3 film
2 1
5 L
= L
- L
Q -
5 05
8 .
o L
Q
§ -
5 L
Q 0 |
S .40 30 -20 -10 0 10 20 30 40
o . -
< off-axis position (mm)

Fic. 5. One-dimensional projected field profiles,p(x), for different 3 x 3 cm? field orientations, measured using the SciFi detector in comparison with the ones
computed based on EBT3 film images (for each plot, the schematic view of the experimental setup. [Color figure can be viewed at wileyonlinelibrary.com]
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10-mm cone

5-mm cone
L

FiG. 6. Signal at the scintillating fiber detector output and EBT3 film images for fields obtained with 5-, 10-, and 15-mm cones. [Color figure can be viewed at

wileyonlinelibrary.com]

the field center position. The standard deviation is smaller
than 0.02 mm, indicating a good reproducibility of this
method to determine the field center. Moreover, the mea-
sured reproducibility of conical collimator insertion into
mount reported in Table I is within the system specifications
(Maximum at £0.2 mm — Expected performance at
40.1 mm).

We have also processed these data according to the
method proposed in Section 2.C. It consists in applying a

Medical Physics, 47 (4), April 2020

5 x 5 binning on the SciFi images to increase the signal to
noise ratio before the relative dose profile reconstruction pro-
cessing.

For 5-mm circular field, the reconstructed profile, p,(x), is
compared with experimental results from EBT3 film in
Fig. 8(a). For 15-mm circular field, the comparison is shown
in Fig. 8(b) A good agreement is observed for all field sizes.
The reconstructed profiles for different field sizes are drawn
in Fig. 8(c).
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FiG. 7. 1D projected profiles, p(x), corresponding to the signal at the SciFi detector output for fields obtained with the 4-, 5-, 6-, 7.5-, 10-, 12.5-, and 15-mm coni-

cal collimators. [Color figure can be viewed at wileyonlinelibrary.com]

TaBLE I. Field center deviations measured with the scintillating fiber detector
on 5 images per field.

Cone (mm) Mean off-axis position (mm) Standard deviation (mm)
4 0.11 0.02
5 —0.10 0.01
0.05 0.01
7.5 —0.05 0.00
10 —0.01 0.01
12.5 0.01 0.01
15 —0.02 0.01

The beam profile parameters (FWHM and penumbra
width 20%—-80%) can be calculated for each cone size for
the SciFi detector and the EBT3 film and are shown in
Table II. It is noted that the 20%—-80% penumbra width is
calculated as the average between the 20% and 80%
ascending and descending parts on the beam profiles as
proposed by M. Petasecca et al.>* The results obtained
with the SciFi detector in comparison with EBT3 measure-
ments exhibit small differences, within +0 pm/—300 pm
and +320 ym/—20 pum for FWHM and penumbra,
respectively.

For each circular field, the on-axis dose can be determined
from the reconstructed profile. Considering the 15-mm circu-
lar field on-axis dose as reference, the relative output factor
for each field size can be defined as the ratio of the corre-
sponding on-axis dose to the reference dose.

Figure 9(a) plots the relative output factor for different
field sizes, obtained from the SciFi detector and from IRSN
data acquired independently with EBT3 films and TLD
according to their well-established protocol.'*??

Local deviations of SciFi measurements vs IRSN data are
also plotted in percentage in Fig. 9(b). The differences remain
within £1.6% for all cone sizes.
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4. DISCUSSION

4.A. SciFi detector for real-time cone-based small-
field Quality Assurance

The obtained results show that the SciFi detector can be
used to measure the beam profiles and output factors for
stereotactic cone collimators, with enough sensitivity and res-
olution for real-time monitoring of small fields down to
4 mm size.

The SciFi detector has some advantages over diode detec-
tors which require corrections for the non-water equivalence
and/or volume-averaging effects.'>**

In comparison with the field profile method using a single
cylindrical scintillating fiber for field scanning,® the recon-
structed profile using image acquisition from the SciFi detec-
tor allows real-time field monitoring.

Our proposed measuring approach is compatible with
MRI-LINAC systems with potentially better performances
than diodes which are not recommended for Output Factor
measurements for such systems.>*

The SciFi detector is also more adapted than radiochromic
films for daily QA procedures of cone-based stereotactic
radiosurgery since films require careful handling and time-
consuming off-line processing.'*'*

4.B. SciFi detector data processing for dose profile
reconstruction

One specificity of the proposed technology is that the sig-
nal at the detector output is a projection of the field along the
waveguide direction. For high-resolution 2D dosimeter using
long scintillating fibers, Goulet et al. have proposed the rota-
tion of the detector and a tomographic reconstruction.”’ In
the case of cone-based fields, our proposed reconstruction
method does not require any rotation of the detector for dose
profile and OF QA. This method simply uses some a priori
knowledge of the dose distribution with the following
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TasLE II. Beam profile parameters [full width at half maximum (FWHM) and penumbra width 20%—-80%] determined with (a) the scintillating fiber (SciFi)
detector by using the dose profile reconstruction method and (b) EBT3 films.

Cone (mm) 4 5 6 7.5 10 12.5 15

FWHM (mm) SciFi 4.03 4.92 5.82 7.61 9.85 12.53 14.77
EBT3 NA 5.08 6.10 779 9.99 12.53 15.07
difference NA —0.16 —0.28 —0.18 —0.14 0.00 —0.30

Penumbra (mm) SciFi 1.57 1.57 1.57 1.79 2.01 2.01 2.24
EBT3 NA 1.27 1.52 1.52 1.69 2.03 2.03
difference NA 0.30 0.04 0.27 0.32 —0.02 0.21
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assumptions: symmetry of revolution of the dose distribution,
highest dose on the beam axis with decrease of the dose with
distance from this axis.

The proposed method processes a single dose projection
and thus allows a reduction of the size of the system of linear
equations as compared with other algebraic reconstruction
techniques. The computation time is significantly reduced,
and the noise robustness of the reconstruction is improved.

Beam profile parameters (FWHM and penumbra width
20%—-80%) as well as Output Factor based on reconstructed
dose profiles give coherent results with the corresponding
data evaluated with radiochromic films and TLD. The
observed differences mean that these parameters can be accu-
rately estimated with the proposed approach. On the other
hand, it is possible to enhance signal to noise ratio by opti-
mizing the readout chain at the SciFi detector output. This
may allow to maintain full spatial resolution for images (in-
stead of using 5 x 5 binned images) and to achieve higher
spatial resolution on the beam parameters.

5. CONCLUSIONS

For online determination of beam parameters and OF for
small static fields defined by stereotactic cones, we propose a
new measuring approach with implementation based on the
SciFi detector (initially developed for LHCb experiment at
CERN). It includes a novel dose profile reconstruction
method to process images from a single-orientation detector
in the field. The system has been tested in clinical conditions
for small fields defined by using 4.5-, 6-, 7.5-, 10-, 12.5-, and
15-mm cone collimators. FWHM and penumbra have been
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determined from the reconstructed beam profile, with differ-
ences within £0.32 mm as compared with EBT3 radiochro-
mic film measurements. By optimizing the SciFi readout
chain to enhance the signal to noise ratio, the spatial accuracy
for determining beam profile parameters can further be
improved.

For real-time determination of the field output factor, the
measured result from our implemented system are in good
agreement with data independently determined by IRSN
based on combined measurements with radiochromic films
and TLD 1 x 1x1 mm?® micro-cubes dosimeters. The differ-
ences are within +1.6% for all cone sizes.

The proposed system fulfills the recommendation of
IAEA-AAPM TRS-483 code of practice: To determine field
output factors for small fields, the output correction factors of
the detectors should be close to unity. We have employed the
SciFi detector with no correction factor. It is also noted that
the proposed technology and approach is compatible with
MRI-LINAC.
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