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The purpose of this study is to see the feasibility of the newly developed 2D dosimetry system using phosphor 

screen for helical tomotherapy. The cylindrical water phantom was fabricated with phosphor screen to emit the 

visible light during irradiation. There are three types of virtual target, one is one spot target, another is C-shaped 

target, and the other is multiple targets. Each target was planned to be treated at 10 Gy by treatment planning 

system (TPS) of tomotherapy. The cylindrical phantom was placed on the tomotherapy table and irradiated as 

calculations of the TPS. Every frame which acquired by CCD camera was integrated and the doses were 

calculated in pixel by pixel. The dose distributions from the fluorescent images were compared with the calculated 

dose distribution from the TPS. The discrepancies were evaluated as gamma index for each treatment. The curve 

for dose rate versus pixel value was not saturated until 900 MU/min. The 2D dosimetry using the phosphor screen 

and the CCD camera is respected to be useful to verify the dose distribution of the tomotherapy if the linearity 

correction of the phosphor screen improved.
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Introduction

A CT (computed tomography) shaped TomoTherapy Hi Art 

unit delivers radiation using a helical tomotherapy technique. 

A small sized linear accelerator is installed on a ring gantry 

that continuously rotates while the treatment table is moving 

along the axis of gantry rotation during irradiation. The beam 

has fan geometry and 64 leaf binary collimators are used to 

subdivide this fan beam into beamlets. Intensity modulation is 

achieved by a temporal modulation of the collimator leaves. 

The unit is designed for intensity modulated treatment delivery. 

The tomotherapy unit takes advantage of a field flattening fil-

ter free. The advantage of this design is a relatively high dose 

rate and a radiation field that varies less in energy across the 

field.1) Conventional dosimetry methods as well as 3D water 

phantom are not applicable to this unit.2) Therefor, many meth-

ods to verify the tomotherapy has been developed such as di-

ode array detector.3-6) In this study, the cylindrical water phan-

tom was fabricated and the phosphor screen was used, since it 

is sensitive to the therapeutic radiation and we can observe the 

radiation in real-time.7,8)

The aim of this study is to see the feasibility of the 2D 

(dimensional) dosimetry system using phosphor screen for heli-

cal tomotherapy.

Materials and Methods

A custom made cylindrical water-filled phantom with a 

phosphor screen (LANEX Fast Screen, Kodak, USA) was de-

signed to see the real-time dose distribution of the 

tomotherapy. The phosphor screen with 18 cm diameter was 

placed axially in the cylindrical water-filled phantom and faced 

toward the lens of the charge-coupled device (CCD) camera 
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Fig. 1. Custom made cylindrical water phantom for tomotherapy: The phosphor screen placed axially in the phantom and the CCD 

camera captures the visible light from the phosphor screen during the irradiation. The LCD monitor is used to check the focus and 

the setup of the phantom and the CCD camera.

(SAERIM, Korea) as shown Fig. 1. The outer diameter of the 

phantom is 25 cm. The phosphor screen in the phantom is to 

emit visible light during it irradiated. The water on either side of 

the screen provided 20 cm of side scatter. The CCD camera ca 

ptured the fluorescent light from the screen through the optical 

glass window of the phantom during irradiations from the to-

motherapy unit.

In order to evaluate the 2D dosimetry system for tomother-

Fig. 2. Dose distributions from treatment planning for three types 

of virtual targets in the cylindrical water phantom; there are single 

(a), C-shaped (b), and multiple targets (c). 10 Gy was to be 

delivered to each target with dose rate of 900 MU/min.
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Fig. 4. Profile of point dose from phosphor screen: (a) shows the point radiation on the phosphor screen. Blurring kernel (k) was 

obtained from the profile (b).

Fig. 3. Every frame were calibrated and cumulated. Right picture shows example of reconstructed dose map for C-shaped virtual target.

apy developed in this study, three types of radiation treatment 

planning-single, c-shaped, and multiple targets-were created in 

the cylindrical water phantom (Fig. 2). 10 Gy was to be deliv-

ered to each target with dose rate of 900 MU/min.

The phosphor screen was exposed to the 6 MV photon beam 

from the linac and the tomotherapy. The CCD camera captured 

the fluorescent light from the screen at 29.9 frames per second 

during the irradiation. The motion images from the CCD cam-

era were sent to the frame grabber and the images were digi-

tized into MPEG4 format as 720×480 pixel size and 8 bit gray 

scale in real-time. The computer corrects and integrates the 

frames for measuring 2D dose distributions (Fig. 3).

Cylindrical water phantom without the phosphor screen was 

irradiated 6 MV photon beam to subtract the background 

which caused by light leakage and CCD of the camera itself. 

In order to obtain the correction factors for the dose rate, the 

phosphor screen in the phantom was calibrated at the reference 

conditions; at SAD 80 cm with 10×10 cm2 field size for linac, 

center of the gantry ring with 5×40 cm2 field size for the 

tomotherapy. The energy dependency was investigated by meas-

uring the depth dose and irradiating of various photon energies. 

Increasing the dose rate from 100 MU/min to 900 MU/min at 

100 MU/min step, the frames were cumulated and measured 

the pixel values at the same depth. The dose rate dependency 

was applied to each frame. 

In order to measure the blurring effect on the captured im-

ages, small point field was delivered on the screen. Off-axis 

profile for the point plotted to obtain the blurring kernel. V0 is 
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Fig. 5. Dose rate dependency; the relative pixel values were 

measured versus dose rates from 100 MU/min to 900 MU/min. 

The solid line and the dotted line are the measurements and 

the fitting, respectively.

Fig. 6. The dose distributions for three cases of virtual targets were analyzed. (a), (b), and (c) are cumulated gray scale images for 

single target, C-shpaed target, and multiple targets, respectively. (d), (e), and (f) are the gamma evaluation map between calculated 

and measured doses for three types of target. (d), (e), and (f) are the gamma evaluation map between calculated and measured dose 

distributions for three types of target. The pass rates are 84.46%, 80.38%, and 83.28%, respectively.

pixel value without blurring effect and V is measured pixel 

value (Fig. 4). The blurring kernel k was obtained by Gaussian 

fitting. The deconvolution of the Gaussian function was ap-

plied to the pixel values of each frame before they 

reconstructed.

  ⊗       (1)

The virtual targets were assumed to be in the CT images of 

the phantom, which were planned and treated. There are three 

types of target, one is one spot target, another is C-shaped tar-

get, and the other is multiple targets. Each target was planned 

to be treated at 10 Gy by treatment planning system (TPS) of 

tomotherapy. The cylindrical phantom was placed on the tomo-

therapy table and irradiated as calculations of the TPS. Every 

frame was integrated and the doses were calculated in pixel by 

pixel. The point dose was measured with an ion-chamber in the 

phantom to convert the relative dose to absolute one. The dose 

distributions obtained from the phosphor screen were compared 

with those calculated from the TPS. During irradiation, the fluo-

rescent light captured by the CCD camera (29.9 fps) was trans-

ferred to the computer to be analyzed and displayed. The dose 

distributions of the fluorescent images were compared with the 

calculated dose distribution from the TPS. The discrepancies 
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were evaluated as gamma index by using the custom software 

built with IDL 6.3 (Exelis VIS, inc, Boulder, CO, USA) for 

each treatment.

Results

The pixel values were measured at the dose rates from 100 

MU/min to 900 MU/min at the reference condition. The in-

tensity of visible light depends on the dose rate and the energy 

of the radiation as show Fig. 5. The gray scale images relative 

to dose can be observed during the irradiation.

Fig. 6 shows the dose distributions for three cases of virtual 

targets. (a), (b), and (b) are cumulated gray scale relative to 

the dose images for single target, C-shpaed target, and multi-

ple targets, respectively. (d), (e), and (f) are the gamma evalu-

ation between calculated and measured dose distributions for 

three types of target, respectively.

Comparing the dose distribution from the TPS, the calcu-

lated and the measured dose distributions showed a good agree-

ment at over 80% dose region. The results of 2D gamma eval-

uation show that the large discrepancies distributed at low dose 

region. The pass rates for three virtual targets were 84.46%, 

80.38%, and 83.28%, respectively.

Discussion and Conclusion

The integrated pixel values were relative to the number of 

frames. And also the dose was relative to the number of 

frames (29.9 fps). The dose rate was affect to the pixel values 

rather than the radiation energies. It is obvious the curve of 

dose versus pixel value is linear. Therefore, the linearity cor-

rection for dose versus pixel value was not needed.9) The 

curve for dose rate versus pixel value was not saturated until 

900 MU/min. It is feasible the phosphor screen for measuring 

the dose of therapeutic radiation. However, the results were 

not shown in this study, the energy dependency for spread 

function in this system was reported not significant for 6 MV 

and 15 MV photon beams.9) It seems that the dose distribution 

error between the calculation from the TPS and the measured 

by this system was caused by light scattering effect in the 

water. Further study will be focused on the light scattering ef-

fect in the water. The energy dependency in this system was 

ignorable. The large discrepancies at low dose region seem 

caused by that the scintillator was sensitive to the scattered 

photon beams.

However, the measured dose distributions were similar to the 

calculated dose distributions in qualitative. The discrepancies in 

the low dose region were larger than central region. It seems 

that the phosphor screen is sensitive for the scattered radiation 

and we need to improve the linearity correction methods. In 

this study, the gamma evaluations outside of the rounded phos-

phor screen region should be ignored in the gamma maps. For 

the single target in Fig. 6d, if the gamma evaluation outside of 

the region were ignored, the pass rate would be increased.

The phosphor screen is easy to handle and reusable for dos-

imeter in radiotherapy. The characteristic of the screen is fea-

sible to apply to the therapeutic radiation as long it is well 

calibrated. 2D dose distributions of the other slices in the 

phantom could be evaluated by moving the phosphor screen or 

the phantom in a longitudinal direction. A real-time 2D dosim-

etry using the phosphor screen and the CCD camera is re-

spected to be useful to verify the dose distribution of the 

tomotherapy. Further study will be concerned on the 3D dos-

imetry of the tomotherapy by fixing the phantom in the mid-

dle of the gantry ring.
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본 연구의 목적은 새로 개발된 2차원 토모테라피 선량측정 시스템의 가능성을 알아보는 것이다. 방사선이 조사되면 가

시광성을 내보내는 인광판을 원통형 물팬텀에 삽입하였다. 치료계획장치에서 원 모양, C자 모양, 다중표적 3종류의 가상

의 표적을 만들고 각 표적에 10 Gy의 방사선을 전달하도록 하였다. 원통형 팬텀을 토모테라피 치료테이블위에 올려놓고 

치료계획대로 방사선을 조사하였다. CCD카메라로 쵤영된 모든 프레임은 누적되었고 각 픽셀은 선량으로 변환되었다. 

인광판으로부터 나온 영상은 치료계획장치에서 계산된 선량분포와 비교하였다. 선량기울기(dose rate)와 픽셀값의 관계

그래프는 선량기울기 900 MU/min 까지 포화(saturated)되지 않았다. 인광판의 선형성 보정이 개선된다면 인광판과 CCD 

카메라를 이용한 토모테라피의 2차원 선량측정이 유용할 것으로 기대한다.
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