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Total Height 158 mm (Except lid)

MRI-only based radiotherapy which means that application of magnetic resonance GdCI3 as T1 modifier < = - =5 =
image into radiation treatment target delineation, has been increased because MR NaN3 as an antiseptic which is highly soluble in water and very acutely toxic mm mm mm mm mm

image offers superior soft tissue contrast compared to CT image, especially, for head NaCl and deionized and distilled water

and neck tumors, prostate, lung tumors and brain lesions K2Co3 as electron density modifier

Hypothesize that one single phantom named hybrid MR/CT compatible phantom Various mixture of chemical component to simulate human tissue on both MR and CT
used for acquisition of MR and conventional CT image could be applied for MR-only image was tested by measuring T1, T2 relaxation time and signal intensity on MR

radiation treatment in terms of target delineation and radiation dose calculation image and HU on CT image and each value was compared with reference data

Fig.2. 14 different developed tissue-equivalent materials (Left) and its MR image for each plug

Time cansuming, extra costs and registration accuracy associated with multiple Dosimetric evaluation i listed in Table 1 with TR 15,000 ms, TE 15 ms. (1 White matter, 2 Gray matter 3 Muscle, 4 Liver-1
imaging modality remains to be.s.olved to fully .establish MR. image b.ased radiajcion cr |magedas ref.erence data fordo.se c.alculat|onb ) e | . O O J U 5 Liver-2, 6 Kidney, 7 Heart, 8 Prostate, 9 Spinal cord, 10, Water 11 Bone marrow, 12 Pancreas,
treatment and another more critical challenge is lack of ED information of MR image Converted MR image set as a testing image set by using commercialized treatment maging 13-14 Breast fat. Air plug listed in Table 1 was not shown in this figure. Number 14 plug was
for dose calculation planning system and converting to CT-like image Section M replaced with Air plug in final experiment.)

: ; : ; ; ; Collapsed cone algorithm (Version 3.2) in RayStation was performed by applying 500 / fEIM External [ '
Develop various tissue equivalent samples on each MR and CT image and inserted in P g8 : Y P Y applying IL Diameter U © e BYPIU for Flus
the hybrid MR/CT compatible phantom cGy on isocenter of 6 MV photon for SSD (source to surface distance) 90 cm and 30 x 180 mm . A orFlug1

2 fi : o N —_— ,

Represent could represent tissue equivalently measured data for each signal intensity 30 cm? fields W'th 0° of gantry angle ) _ _ O O | [ j Suin» Siax & #PIU for Plug 2
(S1) on MR image and HU on CT image from region of interest from one single sample The eeier eoordinats. of phantom External (egion ot ItSrest as iSo-center /Y —" Suins Sene & EPIU for Plug 3

on MR and CT image
Directly applied into the conversion process from HU to relative electron density in

TPS for dose calculation using the relation between Sl and HU from the same sample
image section CONCLUSIONS
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= The importance of MR image phantom for radiation oncology field has been

suggested. Also, to the best of our knowledge, another possible application of those Fig.3. The schema of calculation process for percent image uniformity on MR image: The red line

Fig.1. Geometry of the developed phantom: Total height and external diameter was decided by (Left) was the selected slices in MR image to calculate percentage image uniformity (%PIU) and
internal size of 8-channel MRI head coil. Two disks at both end and one disk in the middle of the number (1-7) on each circular shaped region of interest (ROI) indicate each plug with the axial
phantom can provide two different interspaces. 7 plugs can be located at one of the interspace view. The gray rectangle (Right, 1-7) indicate sagittal plane of each plug on MR image at the
between the disks. Thus, total 14 plugs can be inserted into phantom. The developed phantom was  selected slice. The selected ROl of MR image was applied to calculate the signal intensity for
customized to fix 14 plugs without water leakage minimum and maximum value (Smin, Smax) and those value was utilized for calculation of %PIU.

tissue-equivalent materials in the field of radiation oncology, especially for radiation
AI M dose calculation, has not been reported

= Develop the hybrid MR/CT compatible phantom using tissue-equivalent materials on

each MR and CT image for magnetic resonance only-guided radictherapy = A hybrid MR/CT compatible phantom for image acquisition of MR and CT was

designed and investigated the relation between MR and CT image for MR-only based
radiotherapy in terms of target delineation and radiation dose calculation. In addition,
various tissue-equivalent materials for both MR and CT image to be inserted into the

M ETHOD developed phantom were described in this study

= Requirement for “MR/CT compatible phantom” The modulation method of CT image and HU value was successfully developed by
» Generally, production of MR phantom should be considerate carefully compared to using K,CO, since the formula to quantitatively calculate the amount of K,CO, in
making of CT phantom because the principle of MR image acquisition is much more tissue-equivalent materials for simulation of each organ and control of the HU value

complex than those of CT image acquisition and most of MR phantom was filled with was deducted and the non-effectiveness of K,CO, for MR image was demanstrated.
water or copper sulfate for image quality control or MR spectroscopy
Requirement for “MR/CT compatible phantom” was established throughout paper However, T1- and T2- relaxation time of each tissue-equivalent material could not be

research achieved. The T1-T2 measurement data was compared with reference data and the
average of percentage difference was 2.86% and -13.37% for T1- and T2 relaxation
) . ) time, respectively. With the 5% of tolerance for percentage difference, 10
Dielectric properties
Homogeneous relaxation times measurement data among 24 was acceptable and tissue-equivalent materials of liver

Sufficient strength to fabricate a torso was acceptable as tissue-equivalent materials }
Ease of handling . . Fig.4. Dose difference from CT and MR image based dose distribution.

Relaxation times equivalent to human tissue

A wide variety of density material . : g™ Two slice image was selected and dose scale on figure was selected
Chemical & physical stability over an extended time g T FR T ; ORI from -5, -4, -3,-2,-1, 0,1, 2, 3, 4, 5% for maximum dose, relatively.

= Chemical component for tissue equivalent material REFERE NCES

Carrageenan as gelling agent which was blended from various seaweeds to produce = Kato H, Kuroda M, Yoshimura K et al. Composition of MRI phantom equivalent to human
rigid gel and more elastic and resistant to cracking than agar gel, and enable for the tissues. Med Phys 2005;32:3199-208.

creation of large phantom for over extended time = Yoshimura K, Kato H, Kuroda M et al. Development of a Tissue-Equivalent MRI

Agaros as T2 modifier Phantom Using Carrageenan Gel. Magn Reson Med 2003;50:1011-7.
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