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Aquaplast Thermoplastic (AT) is a tissue—equivalent oral compensator that has been developed to improve dose
uniformity at the common boundary and around the treated area during radiotherapy in patients with head and
neck cancer. In order to assess the usefulness of AT, the degree of improvement in dose distribution and physical
properties were compared to those of oral compensators made using paraffin, alginate, and putty, which are
materials conventionally used in dental imprinting. To assess the physical properties, strength evaluations
(compression and drop evaluations) and natural deformation evaluations (volume change over time) were
performed; a Gafchromic EBT2 film and a glass dosimeter inserted into a developed phantom for dose verification
were used to measure the common boundary dose and the beam profile to assess the dose delivery. When
the natural deformation of the oral compensators was assessed over a two—month period, alginate exhibited
a maximum of 80% change in volume from moisture evaporation, while the remaining tissue—equivalent
properties, including those of AT, showed a change in volume that was less than 3%. In a free—fall test at a
height of 1.5 m (repeated 5 times as a strength evaluation), paraffin was easily damaged by the impact, but
AT exhibited no damage from the fall. In compressive strength testing, AT was not destroyed even at 8 times
the force needed for paraffin. In dose verification using a glass dosimeter, the results showed that in a single
test, the tissue—equivalent (about 80 Hounsfield Units [HU]) AT delivered about 4.9% lower surface dose in terms
of delivery of an output coefficient (monitor unit), which was 4% lower than putty and exhibited a value of about
1,000 HU or higher during a dose delivery of the same formulation. In addition, when the incident direction of
the beam was used as a reference, the uniformity of the dose, as assessed from the beam profile at the boundary
after passing through the oral compensators, was 11.41, 3.98, and 4.30 for air, AT, and putty, respectively.
The AT oral compensator had a higher strength and lower probability of material transformation than the oral
compensators conventionally used as a tissue—equivalent material, and a uniform dose distribution was
successfully formed at the boundary and surrounding area including the mouth. It was also possible to deliver
a uniformly formulated dose and reduce the skin dose delivery.
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Fig. 1. Procedure to complete an oral compensator made of Acuaplast Thermoplastic. (a) Thermoplastic slice and grain. (b)
Thermoplastic Frame patterned according to patient’s oral cavity. (c) Filling the frame with Thermoplastic grain. (d) Completed oral

compensator.
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Fig. 2. Production of various compensators equal in volume for
performing natural strain test (The compensator materials from
left are paraffin, alginate, putty, and Thermoplastic).
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Fig. 3. Test of compression strength using universal testing machine. (a) Photograph of universal testing machine and oral
compensators, (b) before and (c) after compression test (from left Thermoplastic, paraffin, and putty).
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Fig. 4. In-house phantom developed
for dose verification using glass
dosimeters and Gafchromic EBT2
films. (a) Schematic diagram of the
PMMA Phantom allowing the inser-
tion of glass dosimeters and films.
(b) Schematic diagram of the PMMA
holder of the glass dosimeters. (c)
Experimental setup of phantom
and dosimeters.
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Fig. 5. Dose verification at the interface between oral com-
pensators and normal tissues with measured dose distributions
and transverse profiles using Gafchromic EBT2 films. Predicted
(left column) and measured (right column) dose distributions at
the oral cavity interface when various oral compensators (a, b)
air, (c, d) thermoplastic, and (e, f) putty-were used. (g) Com-
parison of transverse dose profiles at center level to evaluate
dose flatness.
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Fig. 6. Results of compression test of oral compensators made
of (a) paraffin, (b) thermoplastic, and (c) putty.
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Table 1. Time-dependent volume change in various oral compensators made of paraffin, alginate, thermoplastic, and putty.
The volume was delineated and measured using computed tomography images in the treatment planning system.

Time
Materials
Ohr 1hr 3hr 6hr 12hr 1day 3day 1wk 2wk 1mo 2mo

Paraffin

Absolute volume [em’] 251.0 2480 2450 2437 2442 243.7 2433 2433 243.2 243.1 243.0

Transformed volume [cm’] 0.0 3.0 6.0 7.3 6.8 7.3 7.7 7.7 7.8 7.9 8.0

Difference [%] 0.00 1.20 2.39 291 2.71 291 3.07 3.07 311 3.15 3.19
Alginate

Absolute volume [em?] 2460 2376 2284 2149 195.3 1654 1126 80.8 68.4 59.3 49.1

Transformed volume [cm’] 0.0 84 17.6 311 50.7 80.6 1334 165.2 177.6 186.7 196.9

Difference [%] 0.00 341 715  12.64 20.61 32.76 5423 6715 72.20 75.89 80.04
Thermoplastic

Absolute volume [em’] 2405 2400 2390 2385 238.2 238.0 2379 2378 237.8 2377  237.6

Transformed volume [cm’] 0.0 0.5 15 2.0 2.3 2.5 2.6 2.7 2.7 2.8 2.9

Difference [%] 0.00 0.21 0.62 0.83 0.96 1.04 1.08 112 112 1.16 121
Putty

Absolute volume [em’] 255.7 2552 2547 2543 2542 254.1 254.1 254.1 254.0 254.0 254.0

Transformed volume [cm’] 0.0 0.5 1.0 14 15 1.6 1.6 1.6 1.7 1.7 1.7

Difference [%] 0.00 0.20 0.39 0.55 0.59 0.63 0.63 0.63 0.66 0.66 0.66

EXE(Fig. 5a, ¢, 99 LF2| 54 A% £EEFg AR £ MUE AS3H H2g gRdds 57

_,d
Lo
e

2
r o 1 O | o
5b, d, D& Mk A AF o EAE Setel ol F g vk wRE Al A wkE A7 ghell FEe] &
7t A LEolA Fig 429 x5 W& vk 241 T & 3 F Asolok sk ofHwo] Yt Panaffin HAA
oWl FHES B4 S vl Fig 5ot ol vebykek 1l 9 9 oF —100 HU #h& Z+ 24574 R Hlad

oA 253 =24 49 W HHFTAZFDm), & A

FHE A AFSAS vebd 5 ot ZErt ol
FTAEFOmn), 2 FTIHE 7IF2Z 2 - 25 em AR T 39 K Hou) A o] fEFAd o3t 3}
Aglnrd GolZl A9 AAME A% Dinermace) Table 33 52 9]3lo] Qhvk. of] kel £ adF-ollA] 2k} thermo-
Zro| velyttt A2k A X 7} 23} Thermoplastico] 3.98  plastic A= A Il A EHalsh nie} Zo] AEo] fols
o] 7hg £ AR HAES Hew, air® putyollA= w RFF Foll o3t WY st glv 2FvEA

27} 1141, 43002 thebdeh 2 04 ARA B9 U AY BYE $IL AL
o), WA el HEE 9k AA TF AE
oo ae g % gk

AA
Fig. 59 Wl ZFHEollA &3l 3 4 9)%] thermoplastic
[e]

¢}
TR vRG FANGG] MAAARNAL 62 1w AEe 77 el o FUY A RES A
o] = o

oluh A=A o] HIE Sl Hool e} 77 147 @ Yk 2y 353 2H Aol K o BAY S
TE ArYste] Al 2y 3 W 35 EAe 5 clde B AiFAele] FT1Sl e AEd A%
W A2 F¥ (ateral equilibrium)& o] FA| Xeto] A BES Feiglon, RAAE SE A U5 A
Al AN =3 A (rebuild-up region)®] FA wE AF  AskAHH thermoplastic ZFHE A-&stAE 452 A%
Aol 8l QA 24 T AF =dHE AL 2T o2l AR EE " Y FAE] g % AAE VA2
& LA W] Seto] AB7IFE $7H putty, paraf- YRS AR AAHh BAAAG AwAeld] T
fin 59 X|F& AGANE HAAE Azfste] A 8ol 4& 2 FelARAE o433 A% HFAAE 8= STl
stazl she dtgol Hasa vt aeu, A=l AR e FIe AR Holedl, el #AE o3 A%
9 putty EAAIE= oF 1,000 HU o] 49 £ #hs vehlz 542 2 yrells 52 A etup) 22k, AZA] 3172
Z A Al A7 A S Aotz & o Ao o 9 FAYY Sl JaijA 27 AT 5 g o]

- 275 -



Joon-Yong Choai, et al : Development of a Thermoplastic Oral Compensator for Improving Dose Uniformity in Radiation Therapy for Head and Neck Cancer

Table 2. Comparison of predicted doses in treatment planning system with measured doses using glass dosimeters. Point
doses at eight different positions (four surface points and four interface points) were compared under two plans-using one
port and two ports-when four different types (air, paraffin, thermoplastic, and putty) of oral compensators were inserted into
the in-house phantom.

X - Direction Y - Direction
Plan Materials
P P> Ps Py Ps Ps P7 Ps
1 port
Air
Calculate value [cGy] 250.8 214.0 191.2 159.2 12.8 189.0 189.0 12.8
Measurement valuetS.D [cGy] 259.1+34 2121+13 181.3#1.2 150.7#1.0 13.5+0.3 193.3+1.0 185.2+3.3 14.5%0.2
Difference [%] 33 —-09 —5.2 —53 53 2.3 —-2.0 13.5
Paraffin
Calculate value [cGy] 264.0 226.2 175.6 142.0 14.0 197.6 197.6 14.4
Measurement valuetS.D [cGy] 271.5+4.0 219.1+1.8 1749+1.0 1351+13 14.3+04 200.2+3.2 197.7+3.8 14.9+0.3
Difference [%] 2.8 —3.2 —04 —49 2.0 1.3 0.0 34
Thermo plastic
Calculate value [cGy] 266.4 228.6 173.0 138.2 14.2 198.8 199.4 14.6
Measurement valuetS.D [cGy] 273.8+0.8 230.5+29 174.4+44 1339+21 144+0.7 197.7+24 199.7+40 16.1+0.3
Difference [%] 2.8 0.8 0.8 —31 1.5 —05 0.1 10.6
Putty
Calculate value [cGy] 277.6 238.2 162.8 128.6 15.6 204.2 202.4 15.6
Measurement valuetS.D [cGy] 287.1+£5.9 241.6+1.6 157.5+#5.6 123.0£1.2 152+02 197.3+0.6 202.7+24 16.5%0.1
Difference [%] 34 14 —3.2 —44 —23 —34 0.2 5.8
2 port
Air
Calculate value [cGy] 204.6 202.8 202.8 204.8 12.2 189.2 188.4 12.6
Measurement valuetS.D [cGy] 200.9£2.6 191.7+21 196.0£#24 199.5+1.3 12.8+0.3 181.8+0.9 180.3+2.1 13.7+0.1
Difference [%] —-1.8 —55 —33 —2.6 48 -39 —43 8.6
Paraffin
Calculate value [cGy] 201.2 200.4 199.8 201.6 14.0 197.0 196.8 14.4
Measurement valuetS.D [cGy] 199.2+41 199.0+14 194.3#35 197.0£34 13.6+0.0 192.6+1.0 193.8+1.7 14.5%0.6
Difference [%] —-1.0 —-0.7 —2.8 —23 —2.7 —23 —15 0.8
Thermo plastic
Calculate value [cGy] 201.2 201.0 200.8 202.2 14.6 198.8 199.2 14.6
Measurement valuetS.D [cGy] 198921 201.2+3.8 196.5+2.1 198343 144+03 201.0+1.8 197.4+22 14.8#04
Difference [%] —-1.2 0.1 —22 —-1.9 —-1.7 11 —-0.9 1.6
Putty
Calculate value [cGy] 203.4 200.6 201.0 203.4 15.6 203.6 203.8 15.6
Measurement valuetS.D [cGy] 200.0£3.2 1925+28 199.6£34 199.2+24 14.1+03 196.7+59 201.0+64 15.3%0.1
Difference [%] —-1.7 —4.0 —0.7 —-21 —-9.7 —34 —14 —2.0
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Table 3. Dose verification using Gafchromic EBT2 films at three different positions in transverse dose profiles and evaluation
of dose flatness. The measured doses were compared with predicted doses in the treatment planning system, when three
different types (air, thermoplastic, and putty) of compensators were inserted into the in-house phantom. The flatness was
defined using maximum dose (Dmax), minimum dose (Dmin), and interface dose (Dinterface).

Materials Dinax Duin Dinterface Flatness”

Air TPS 191.31 153.39 181.70 11.00

Film 191.47 152.25 175.35 1141

Thermoplastic TPS 163.32 154.59 161.20 2.75

Film 168.37 155.47 168.69 3.98

Putty TPS 162.78 141.97 155.10 6.83

Film 159.57 146.42 151.19 4.30

“Flatness=[| Dmax—Dmin |/ (Dmax+ Dimin)]¥100.
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