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Dosimeteric calibration of thermoluminescence in helical tomotherapy system and linear accelerator

WANG Wei, SHEN Yichen, JIANG Mawei

Department of Oncology, Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai 200092, China

Abstract: Objective To compare the differences in scale factors of thermoluminescent dosimeters (TLD) between a linear
accelerator (LINAC) and a helical tomotherapy system (TOMO) and to investigate the characteristics of TLD for providing basis
for follow-up clinical applications. Methods The same batch of TLD was calibrated at 6 MV photon beams via LINAC and TOMO.
The machine units of LINAC were 30, 50, 100, 150, 200 and 300 MU, respectively, while the delivery time of TOMO was 3, 5,
10, 15, 20, 30 and 40 s, respectively. Cross-calibration of an ionization chamber was applied at TLD measurement positions. Each
set of measurement data was defined as the average of 3 TLD chips, and the dose as a function of TLD reading was calculated.
The TLD dose calibration curves under LINAC and TOMO were compared with the linear model and the quadratic model fitting
with least square method, respectively. Statistic analysis and paired # test were performed to calculate calibration factors. Meanwhile,
the corresponding TLD characteristics such as sensitivity, repeatability, dispersibility and dose response performance were also
verified. Results The correlation between TLD reading y and irradiation dose x in LINAC was 3=94.754x-+0.001x%, R>=0.997 1.
In TOMO, the correlation was y=93.835x-+0.000 3x?, R?>=0.998 2. In the dose range of 0.30-3.74 Gy, the TLD dose-response curve
of 6 MV photon beams was approximately linear. The measurement for the same batch was repeated 5 times at each cGy dose level,
and the average change in reading was 1.48%. Conclusion The difference in TLD calibrated with LINAC and TOMO at the same
energy was less than 3%. With the advantages of strong linear correlation of dose response, precise measurements, high repeatability,
and stable performance, the proposed TLD system is appropriate for relevant clinical irradiation dose measurements.
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2SN AR A EE , TLD AR BN R
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AR 52 86 R FH A A6 22 (LiF) #1 A TLD, 85y
GR-200A, H. A% JEBE 43 5 4 4.5.0.8 mm, K5 FE K
+0.01%, B M 2.5 g/em?®. FOBOEH & R 4 h
TLD . #BOG 4 (RAYDOSE, SL08 ) FH ML
ia b PR AR KRG AL LE AN 0.6 cc
() FARMER 45 J& H1 & % (5] & {{ FARMER 2570) ,
0.056 cc 1y AISL 48 J£ ML & % (Standing Imaging,
USA) , & Bl ik B £ i # #% (Synergy 1629, Elekta,
Stockholm, Sweden) , fij #X LINAC, L4 K B2 i Wr )2 5
BB EHA YT 248 TomoHD, fAijFk TOMO .,

1.2 TLD R

4 TLD PG (R AR 76 i 4 TR b 23
T i e Jp T, 3 B % I 28 T A ok B 2 5 R A
FEAEGBIE . AR IREBE, BT LG R R T Ek A o, B Ak
HE 4G, TR s EH G2 T, —i&
HLFREFE BT 7 3K . RS B RS TE IR RE AT 45
P UL 28 YO TE Uk e B o AR I 2 A
JNFA B A7 AR 0 HL AR AT 2 65 1 BE it DB B b ik it
ok 52 G IR AR AERETE 25 /P I B 2k g i DA
JEHR SRR OB Sk, BV BVBE G IR S . 7RG
BT ey it i, 15 B AR R
ST 5 O B Y BB DG R
1.3 SEMNES HREIFERBELR

PEATAH S HE RN, 7 18 54 I IO R, ARIE
e DA f6E ] B 200 38 3% SR 1 o i RN e M . TLD &
240 °CrpiR MG 4. fFEREBOE T 5 mm
IR SRR R EE AR . BRI 6 MV 2R
B #E (Source to Axis Distance, SAD)=100 cm, 5 ¥ K
10 cmx10 em, 55 HrO AR I 54 100 ¢Gy, #4757 IR
5o e e T el B S 0 A SR B S R P A B A0 kL
SR I A S XA Y Gl e A, A 22
INF 1%, FEARTRNE R SFFTI A 4500, ik
TS T AEE3% NI IEOC R . A SRS,
7 396 4 52 PR A A A AT o 1 A +3% PN B BB
R TR FE R ALk
1.4 LINAC #1 TOMO HLF £ 2R #
1.4.1 LINAC Wi i 405 , TR E R IE,
XF LINAC ()% 0 55 5 AT 0R 2, 76 5 4 o 118 35 )
TR E AL 1 MU=1 ¢Gy, 7E SAD=100 cm , S5 5% [&
ARKBART 5 em &b, S5 K /A 10 cmx10 em, 5
Ht il 5 om &b Y E 43 TR B R & L (Percentage
Depth Dose, PDD)=86.6%, fii F| FARMER i, & % , 1}
FHKECH 200 MU, 125824 H 521
1.4.2 TOMO &% % ST 2o f B2l 00, Fl i 8 2 oy
854 ¢cGy/min, SAD=85 cm, H} H} K /Nk 5 cmx40 cm,
SRR K BAR 1.5 em VREEAL , ffi F AISL LB =
AR 70 s, 30 5% 24 H SEIA
1.5 FR%E (R B ) &1

439 2% Fil 6 MV LINAC 16 MV TOMO 548,
e 7 16 J B PRI e RN 2 BB 0 T TS S B
P A (R B %), FEAH LI 8 25 R F R4 T 0 i, s
TLD & G405 H B8 2 ril e i e sk

(1)LINACHHRFRE : 6 MV X 1280, SAD=100 cm,
HESHEF 4 10 emx10 cm.  HL % 4 FARMER 2570, £
GRUEMA KA S e TREEAL , HH ARBREL 7374 30,50
100, 150,200,300 MU F , 7E A R 5 I 2 512 5% .
(2) TOMO F & FriE : 6 MV X H£E 58, SAD=85 cm, iR
STEF 5 cmx25 em. LB AN ALSL, 7E 555 A K LA
8 e RBEAL , PR H] 73124 3.5.10.15.20.30.40 s 4%
PR AR RO IFE 5% (3) AR 2 R AR
D7 R TR J5 AR A il AR (1) L (2) TR iy
LB A HRGS 2545 (1) L (2) SE 4 AR R, g AN TR H
FOEREC AR R BB A
1.6 HRBEANMER NS E

(1) AR Y - — i Be R e THIR , 5 — B B
h 135 °CHUHA 8 s, 5% i B Ay 1 Il Ui BE 240 °C Jin i
20 s, FFl R N 15 °C/s. (2) iR kR L TE
240 °CHE IR 4 FF L 1B Kk 10 min'™, {81 FH HR0 32
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2 25 R B A (R ) B o o TLD &G E S L B
25 I I AT e L X 2
1.7.1 FIEZIEHEIE ALY TLD biE R HZIE
27k e/ — 3 v) ™ R e/ IMER 25 177, 3
FRBE 1) o A PRV B DT IRE , B e 4% 0 B 2R A BE B
M A, T R R ath . 1
LINAC H1 TOMO FIbRE 5515, 45 2 UL A [F] Y
HESFF 70 i, TLD B2 450(E AN 327 BRG] (42X (1) A
K () HEATHA, 43 B2 AR 7] i 20 1 UL 45 il
2. EHHIR M (x,0), =1, 2, -, n, HP Ly, TLD
B2 R B, x, 3z B A (B =) A I 5
(cGy) ,n N HREFHI RS A . A9 LINAC 4
n=6; TOMO 4/ n=7,

A U PRV S I (UL A il £ A 2 T iR 2
Do +aix, +anx - y) BN AR

y(x)=a, +a,x+a,x’ (1)
Horb,a,.a, 2, 73 51 7R O — YR 28 BOFT — 0
A

HIATER MG T 2 d N vk R
i

y=hkx+b (2)
Forp ke g br 0] 2 il 2R ARE 8, b S s o R i 2 A
BE kA b3 (3) A (4) #TiHE A 3
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xRS, oGy ) B A 22 A5 3 Y TLD 2 40F
BIE M, A5 BRI 2R Gk W) i 0
TFN,o
1.8 [ElV35%1E

TEF RS T, LINAC FREHEF 4 10 cmx 10 cm,
G E AR S em BREEAL , H SR BEE53 0 R 100

200,300 MU ; TOMO fi& 5 87 2h 5 em=25 em , 55 25 &
PROK AR 1.5 em B AL, A ] 43 51 2 10,20
30 so PG5 AL B8 % R TLD iE 47 3 Yk Sl , i
TLD 3245GE 5 P AN 015 J7 251 oot 32 B 4,
XF 20 BE K N, AT [BLE B8 kR
1.9 GEit=Z R

{85 FH SPSS 17.0 F A xf IRl RE &= 254 T, LINAC
TOMO (1 TLD 7] & 2| & AT O FEA e K 56 . P<0.05
HHAZEFAGIEE L,

2.1 TLDOEMMESHLEER

7 LINAC Y 6 MV X SR RERE 514 F L 45 6~8 1>
TLD Fr V4, 345 Pl e S By oo i LN, O 55
5 mm 7K S5 RCHE R BE B RE . At BRI Bk R
100 MU , i % H A7 5 il K 225K, 43 BPE #0852 vk
<t3% [IBOE R, T 5 S a2 AR I 1L %
16 cGy 44, Al vk TLD 4% 8 42 M4 5 %k, 13- 321t
Itk TLD (1) 5 52 1 sk th A8 A fE R (1.48+0.47) %,
1 384 TLD WY 53 10k e 52 vk 135k sh
2.2 LINACFATOMO ARG FI ER B ENMER &
gHR

HAE IAEA TRS 277 R 54707k, L B = k47
fog LR R S THRLK T SR IR EE AL A WG . Z)
FE4 H LINAC % U Ab TR W IR 24 200.5 Gy,
55 ELAE 200.0 cGy i 2£+0.25% ; TOMO 25 i ab i 1Y
W SR 0 822.4 ¢Gy, 5 HAH 827.0 ¢Gy fi 25-0.56%
2.3 LINAC#1 TOMO TLD UZFUE Z R

7£ LINAC 1 TOMO 41 H , 454> 1 5 5 45 0 5 3
UK, TLD 32t & 0 P S an e 2 o, Hedb y (5
BO I A A . LINAC 41 09 5 1 77 2 30 [l
30.0~299.6 cGy, TOMO # [ 45 5& 7 & 75 [l N
28.0~374.1 ¢Gy. TLD TH%k 55 X i M) e x LB 3%
1E LINAC 4, =-3.261, P=0.022; /£ TOMO 4t , =
-3.757, P=0.009., W U, LINAC ZH 1 TOMO 41 TLD
S SA 50 R W ) e R B S A DG s e —
Je 791 2 6 197 B LINAC 2H 1 TOMO 21 TLD 52 50U 47
e Xt ¢ 4656, B X FEAS =0.216, P=0.837 , P it X RE A
AR W 3 2 5, WD ZE [A) 45 B &t R 1) LINAC Al
TOMO, TLD #5380 S A B A et 5 X

HR A /N 3feik — IS SR (11 1) A5
LINAC 4 TLD &G4y 5 IRl x C R y=
94.754x+0.001x*, R2=0.997 1; TOMO 4 : y=93.835x+
0.000 3x*, R?=0.998 2, 73} LINAC 1 TOMO 41+, %I
FERTN,, 53051 0.010 55 F110.010 66, {245 1.03%.
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Tab.1 Dispersibility and repeatability of partial readings of thermoluminescent dosimeters (TLD)

TLD %i'5 5248 j52%) B3 B4 BLES  HEEMERRERZE/%
1 815290 830131 836523 855859  8230.66 1.85
2 8§550.11 876432 860142 897253  8687.24 1.90
3 835548 842775  8599.80 865622 847215 1.46
4 8671.99 871240 8790.64 883518  8690.75 0.79
5 820276 848746 850611 849867 835421 1.56
6 799523 812238 818524 823451  §104.94 111
7 8638.01 873325 8796.84 886569  8746.08 0.86
8 8270.65 835797 848747 859656  8087.13 235
9 824490 845532 849225 863637  8258.04 1.97
10 8460.80 858727 8759.63 865337  8577.06 1.97
1 8§15498 818755 826429 §468.83  8297.67 1.48
12 8612.99 874791 876847 887463 865352 1.18
SI AR IR 22/ % 2.67 2.62 243 2.40 2.82 -
#2 LINACHI T0Mo;m;ugigf;;;;&%ﬂzx%ni&ﬁt@ﬁ HTN, = % L s AR, | M TLD i
Tab.2 Absorbed dose x and average TLD reading y for B, 2R AR R 22 =( N,- Nw) /N, %x100%, 4k
LINAC and TOMO N3
PRERA  HORBEUHRIT v/cGy /100 BRMEZ/100 S o I EE R N a7 o < B = v ) a1
LINAC 30 MU 300 22.60 1.53 ARG VAT 0 A0 20 B Y - 28 e A [l U9 28] L 5
50 MU 500 4132 104 BES T (E, TR 22 7E 3% VAN, £47-60 T kG BE LK
100 MU 990 99.5 053 AR, Bt O S E AL TS i Z)
150 MU 149.8  147.63 1.13 PP IR 22 (35222 09-0.66%~-2.25% ) b — LA
200 MU 199.7 18545 0.99 Tﬂ%tﬂE‘Jﬁﬁ’&iﬁEIUEZ*%(@%%%}O]S%mZ%%)
TR 2ZEME /N, S BRI Bl Y, LiF A4 5T TLD 7 i
WOMU e amd T ST PR TR PE AL A 55 5 T PG PRS2 B
TOMO 3s 280 2294 1.54
10s 937 92.23 129 RGN S S —FPoAF 6 0 £ 5 v, F% TLD 7 &
15 1404 12469  3.66 I 8 5 A A8 kg ) L, R P b v TR R
20 1874 182.51 3.52 TFFEATZBE o A [R]HE Uk 8 FARE DYE 7) D 4 %o A 5 1
-~ e |G | O EE AN [R) A O D A2 A T P Tt 0 R A T 2
10 B e B FH 500 5 20 B RN s 22 R W ) TLD 71 23

MR 2 BE R AE LA (K] 2) , LINAC 41 R TOMO 41
TLD 50 M ARSI H O ZRX533h : M=94.982H
2=0.997 1;M=93.936H ,R?=0.998 2 , 15 F-IZIFE K N,,
43514 0.010 53 F10.010 65, ¥I{H 2% 5 1.13%.
2.4 ZIERFEFOEFWEIEL R

FH 2% 30 F 30 45 2R R A7 Bk (9] 0 2 5

R AR ARSI AE R S R i 6 MV R Y
LINAC 1 TOMO 43l 5 & TLD , £k PE 0L G J5 14 1
JERRZE T 1.13%. ARG RG22 5
PRAE A5 R = R AR 22 52 TLD 45 TLD i
B U FNZN RS T R st b m e 2 R iR 22
7E TOMO 2% o5 TLD, Bt KSTEF 98 5 em, 5
Y 5 B K T HE S 280K A T v B A 1) S S I, W
SEERAN ] FL TP A2 AR RRON S, — B R
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Fig.1 Dose-response fitting curves based on the quadratic function of irradiation dose and TLD reading
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Fig.2 Comparison of the linear fitting results for TLD calibration factors
%3 LINAC 1 TOMO HZIEEF N, B35 E
Tab.3 Regressive verification of calibration factor N, for LINAC and TOMO
217
ZH
LINAC TOMO
HH R BRSO ] 100 MU 200 MU 300 MU 10s 20s 30s
WG e H'/eGy 99.87 199.39 299.61 135.62 271.83 407.45
TLD {5 M 9587.30 1924579  29008.29 1282344 26 114.13  38790.09
brif 2 111.88 181.38 1302.88 101.62 238.77 1500
/N, 95.99 96.52 96.80 94.55 96.07 95.20
[FEHZIEHF N, 0.010 42 0.010 36 0.010 33 0.010 58 0.010 41 0.010 50
ZRE R AR 2 /% -1.23 -1.80 -2.09 -0.75 -2.35 -1.50
Z B R R X R 2 ,/% -1.04 -1.61 -1.90 -0.66 225 -1.37
ZIRE T AR 22 | O N, 5 N, OSSR 2B R T AEX R 2 , I N, 5 N, LRSS S
AR KA A B MR E K ABFERE A6 5 LINACZ{E Y 0.6 co FL B % 32 -2 /N o

IR b T8 T ), TOMO 4L ) 0.056 cc L ES 2=

HE b, B IR AL g 2 R TLD WSR3

R
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JOF TR — o {HL R 7 25 (14 SR AR [R] 2 s A 30
S AR [ SEFRIN R TLD U | B 2
SRS AT 2 PR 2E . TLD AR A DA A
FEF 2 SR 22 18T S S 3R AR B A ) 2
21 e 5 mm KA R AR TR S
W53k R T BE S8 TLD AAT S5 s T REERIX Y
R BB R, 2 I B i 25

TLD f7 7844 b} 5] i R IR 7 P B e (A 21
2N LiF M43 8505 P 505 IR 20128 S LA
R, SRR A v s SRS A T DN R e
AR LS W N AR 1 R S B s A v
SRR AZ B 2 N Z MM, BT TLD W 5T
Al H BRI 22, TN 2 0 T R 2 0K B G0 TLD B 401Y
(A7) G T N A 23 g Yk R 15 A2 LA 1) T
IS 1) B 2 5 M 2 R, T LA R BT TLD 52 804SR A
HERR PP HEA T 2 T 4 o

PN e ST 5B 4 N <7 O I T W Y B2 1 E55
PERLA T 5 0 220 B R - X R 4 T 1 1) B S TR
S, LA T A A 20 B IR e 3 X
PG 0 [ A 25 B R 22 W /N IR 22 TR 3% LA, 7F
AR R OR . ARG PR R A R L e
B2 7E LINAC 3£ & TOMO F i 6 MV 6 T3, TLD
M 2 #HE T e, FLIR) 4 RE i T R TR B &
Gz N T I B 225

4 % it

TLD e i [ BRI, g cde e, RAEA
PEOF A3 HCPE /N e P 2P O Pk iR A B A Ry
PE S5 R G AN A0 A AR RE I S o A I PR R
FR 53 500 B2 A L, LiF A4 B2 %) TLD 7] 5 20 B2 PR - %6
T 6 MVOLT AR EIT e M4 45 58 R AR5 PRt
TERRUE, AT R T LINAC F1 TOMO I FR 77 230 56

(5% 30iik)
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