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In this paper, we suggest a new method for verifying the motion of a binary mul-
tileaf collimator (MLC) in helical tomotherapy. For this we used a combination of
a cylindrical scintillator and a general-purpose camcorder. The camcorder records
the light from the scintillator following photon irradiation, which we use to track
the motion of the binary MLC. The purpose of this study is to demonstrate the
feasibility of this method as a binary MLC quality assurance (QA) tool. First, the
verification was performed using a simple binary MLC pattern with a constant leaf
open time; secondly, verification using the binary MLC pattern used in a clinical
setting was also performed. Sinograms of simple binary MLC patterns, in which
leaves that were open were detected as “open” from the measured light, define the
sensitivity which, in this case, was 1.000. On the other hand, the specificity, which
gives the fraction of closed leaves detected as “closed”, was 0.919. The leaf open
error identified by our method was -1.3 + 7.5%. The 68.6% of observed leaves
were performed within + 3% relative error. The leaf open error was expressed by
the relative errors calculated on the sinogram. In the clinical binary MLC pattern,
the sensitivity and specificity were 0.994 and 0.997, respectively. The measurement
could be performed with -3.4 £ 8.0% leaf open error. The 77.5% of observed leaves
were performed within + 3% relative error. With this method, we can easily verify
the motion of the binary MLC, and the measurement unit developed was found to
be an effective QA tool.

PACS numbers: 87.56.Fc, 87.56.nk

Key words: helical tomotherapy, verification, multileaf collimator, plastic scintillator

. INTRODUCTION

The demand for the use of high-technology in radiation therapy is rapidly increasing. In order
to concentrate the radiation dose in the tumor, the use of intensity-modulated radiation therapy
(IMRT){-% has become more widespread. With the technological advances made in IMRT, it has
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become possible to deliver more complex radiation fields to the target; however, simultaneous
verification of the appropriateness of the radiation field also needs to be done. Verification using
ion chambers and film is common, and these are well known quality assurance (QA) tools,®
but are basically used for measuring the cumulative dose or radiation field.

New IMRT methods using dynamic multileaf collimators (MLC)? and helical tomotherapy
(TomoTherapy Inc., Hi-Art, Madison, WI)!%-12) have been developed and these are now used
worldwide. In these methods, the MLC is moved during irradiation and, therefore, its motion
must be very precisely controlled. To accurately measure the MLC motion, dynamic observations
of it need to be made; however, commercial products(!3-10) for this are generally too expensive.
Thus, it has been very difficult to perform such measurements in most treatment facilities or
hospitals. Helical tomotherapy, composed of a small 6 MV linear accelerator rotating on a slip
ring together with a binary MLC, enables us to deliver a complex dose distribution. The motion
pattern of the binary MLC needs to be synchronized with the rotation of the gantry. However,
a tool for measuring such motion has not been readily available.

To address this shortcoming, we used a cylindrical plastic scintillator for measuring dose. The
classical way of taking measurements with a scintillator is to use a photomultiplier tube (PMT)
attached to the scintillator in a light-proof box.(1”) Furthermore, Beddar et al.('%19) reported that
it is possible to measure high-energy photons and electrons with the detector made of the PMT
attached with optical fibers. More recently, built-in charge-coupled device (CCD) cameras and
optical fibers have been used.?%21) Special skills and knowledge are required to build these
units. We have developed a similar method that is much simpler to implement. In our method,
we use a general-purpose camcorder instead of a CCD unit. The camcorder is used to record
the light image from the scintillator. This method has previously been used for measuring the
range of proton and carbon particles and also for QA in brachytherapy and diagnostic computed
tomography.(?2-3% We investigated combining these simple devices to measure a complex IMRT
field, and also examined the feasibility of using this as a tomotherapy QA technique.

IIl. MATERIALS AND METHODS

A. System setup for measurement

The scintillator used was a cylindrical plastic scintillator (20 cm in diameter by 10 cm in length,
Rexon Components, Inc., RP-400, Beachwood, OH), composed of H and C only, with a density
of 1.302 g/cm?®. The benefits of plastic scintillators are that they have quicker rise times and
shorter decay times than inorganic scintillators. The refractive index was 1.58, the rise time,
0.9 nsec, and the decay time, 2.4 nsec.

Figure 1 shows the measurement setup. The plastic scintillator was placed in a helical tomo-
therapy gantry so that the center of the scintillator was aligned to the isocenter of the gantry.
Megavoltage computed tomography (MVCT) was used to precisely position the scintillator. A
camcorder (Sony corp., HDR-HC7, Tokyo) was set at a distance of 100 cm from the isocenter.
The camcorder was connected to a personal computer through an IEEE cable, and the scin-
tillation light was recorded as 8-bit gray scale, 640 x 480 resolution images at 29.97 frames
per second (fps). It was previously found that recording an 8-bit gray scale image would be
sufficient for this QA feasibility study.(?3-2%) Other settings (e.g., zoom, focus, and sensitivity)
were left unchanged. During recording, the room was made as dark as possible. At 29.97 fps,
an image can be taken every 33 msec. Under these conditions, our system was able to detect
the light and to verify the dynamic motion of the binary MLC and the motion of the rotating
gantry. The detected light was converted into image datasets for each and every frame and
used for analysis.

Due to the geometrical limitations of the 20 cm diameter scintillator, it was possible to
monitor the radiation field only from leaf number 18 to leaf number 47. Figure 2(a) shows
the image from the scintillator of a 6 MV X-ray collimated radiation field of 2.5 cm x 10 cm.
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Fic. 1. Schematic (a) and photograph (b) of the measurement setup. The center of the plastic scintillator is irradiated with
X-rays. The coordinate system follows the Left-hand coordinate system. SAD in this figure stands for the source-axis
distance.

Figure 2(b) shows the image with the even number collimators opened. For measurement of the
light, regions of interest (ROI) of 5 x 5 pixels (1 pixel = 0.468 x 0.468 mm?) have been placed
on each area corresponding to each leaf number in the image. The average pixel value in the
jthROI of the ith frame is defined as q,,, i and the quantity of the light detected in each frame
was calculated by subtracting the background value, BG, from q__ .. in each ROI:

raw ji

q;; (pixel value) =q,,, . - BG M
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