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Evaluation of salivary gland function damage in nasopharyngeal carcinoma with
intensity-modulated radiation therapy by diffusion-weighted magnetic resonance imaging"
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[Abstract] Objective To explore the correlation between salivary gland function damage and the varia-
tion characteristics of apparent diffusion coefficient (ADC) value diffusion-weighted magnetic resonance ima-
ging (DW-MRI). Methods Twenty-eight patients with nasopharyngeal carcinoma were enrolled in the mouth
dryness rating and DW-MRI scan before radiotherapy,4th week of radiotherapy,end of radiotherapy,and 3,6
and 12 months after radiotherapy. DW-MRI scan included resting state and 3,6,9,12,15,18,and 21 minutes
after acid stimulation. Results At the 4th week of radiotherapy and after radiotherapy,the mouth dryness rat-
ing was gradually graded,and the recovery of mouth dryness was not obvious after radiotherapy to 3 months
after radiotherapy,which gradually recovered in 3 months after radiotherapy and 6 months after radiotherapy.
The differences among 12 months and 3 months after radiotherapy and the end of radiotherapy were statisti-
cally significant (P <C0. 01),while the difference between 12 months after radiotherapy and 6 months after ra-
diotherapy was not statistically significant (P =0. 277). ADC values of parotid and submandibular gland grad-
ually increased at the 4th week and the end of radiotherapy,and gradually decreased in 6 months after radio-
therapy and 12 months after radiotherapy, with statistically significant difference from that in the end of radio-
therapy (P<C0.05). ADC value in parotid has a statistically significant difference between the 3rd and 6th mi-
nute after acid stimulation before radiotherapy,6 months after radiotherapy and 12 months after radiotherapy
(P<C0.05). ADC value in submandibular gland has a statistically significant difference in ADC value between
the 3rd and 6th minute after acid stimulation before radiotherapy (P<C0.05).In 6 and 12 months after radio-
therapy, ADC increased at the 3rd minute and decreased at the 6th minute,but the difference was not statisti-
cally significant. Conclusion ADC value of DW-MRI has certain value in the evaluation of salivary gland func-
tion damage in nasopharyngeal carcinoma with intensity-modulated radiation therapy.

[Key words] otorhinolaryngologic neoplasms;radiotherapy; magnetic resonance imaging;salivary gland;

radiation injury;function evaluation

x  EETIE.J KAWL E A2 RHE B H (2016AB002401) ,  1EE B A XIAE (1980 — ) . Il F AT BE U L A7 -, 3= 22 N 3 3k 350350 i
A L Bl A I R IF 5T



3144

BT IR TT CRIFR AT ) 2 B A 5 W8 i A 26
57 T B, 8 98 8 JF (intensity-modulated radiation
therapy, IMRT) J& 20 tH 40 R & J& i >k 3 & i il 24 19
TSRS B B AR L B A ) 8 Y B A O R i
PO KGR PP AR O (8 SE L A, SR IMRT 34
I BT DA S X PR O L AU B AR R
U 300 i o5 g DX 1 ) B 5 L DT AT LA 4 R S A
e 1) ey 08 R DX S o A, B W R RO I R R R G
2% 52 BB 1o 79 i 1 FRLST A SR X8 e R R 1 A R
RS B R P u N A (R U A R VR S ol |
AN R BE 0 E Tk 2 BR AR I A7 16 SR 3 9 AR T
Ji L I 45 b AT Sk — 2R B0 A el B ) ALY BUAROR
FIMRT J& H T XU & A B REAR L A5 1 T 5E A5 98 /2
JBOIT e WL I i 2 —

N L I Ty e A8 A R A A O R A S T
LS VRS i SO U N A B Iy B e Y N T - R B
5V A 45 e R ) A R X R e R S M VR R T
FYERBEASE, LRI T BARA — B R
IR RN 37N bl = i WS B & S 3 Qi1 N I )
M YA 1140 MAC 2 A T 0 IR o AR 2 R e T 1Y
HERR PR . MRV IR X 2k i 5 TR EATIE A TR R —
T B A= 2V A A vk OF R EXEE R, 5t )
T TR ME S A 8 S 1 O A (N e 48 i 58D e A iR
TS AR R R PR 75 T S s S R R B —E Y
{2281k, IF HEG I 14 A 0048 5. mE SRR TR RO AU
1% 4% AR (diffusion-weighted magnetic resonance ima-
ging, DW-MRD J& — Ff 88 % K il /K 53+ A Wiz 2, I
3 I 2 2R WY B R B Capparent diffusion coeffi-
cient, ADC) X " Bk 47+ 4k 10 B A% £ AR L A AT
HAL IS ADC 8 DY ME 7 B 0% 2 BRIk B0, AT BE 45 H: At
BL2E i RE VA AR G R . AR
i H Y 2R3 DW-MRI ARy —F AR A5 0 T
TP S5 i S8 5 R 9AR TS0 I e YA T T e ) 1L
1 &EME5RFRE
L1 —RyR AdIBtE N 2017 4F 2—10 H .3k A
28 il A AL o 21 i, & 7 I CF R H ok
3+ DL AR 21~68 & h AR IR 48 X, I K 4
(AJCC 25 7 R4y 13811 41 (3. 6%, 11 #1 2 4
(7.1%), M 13 146, 420>, IVa 3 10 41 (35. 7%) ,
Vb # 2 BC7.1%) . R BIa ABRHE . FEAR BEPI Rk 12
(14 e MR 9 R85 O B 2SR Oy O 43 A RL AR AR Ak PR . I
R CAJCC 565 7 Ji4r D) 1 ~ IV b 1, 4FE % 18~ 70
L ENAR B A A 6 A .2 S TReRE
P (ECOG) 0~ 2 71, 0 JIF 1 T BE AL L 18] R IE
B TCWIB B AT AR IR . IR YT AT S A R [E
A RYTRTH MLAT S+ FTER MIRT K A 17 I IR
S0 AT R X 4 R N SRR SR A B R A R A
HEBR I A 55 8 , 2 00 S5 4 A0 19 BB B AT 4 B al Sk

FTREF 20199 A% 48 5% 18 4

Jaiil PET-CT KA Bhig Wi . HEBR AR E . & A R
JIR AR 5 5 5 (A0 455 Wl Y e D A i R U R A O B 4
) 5 B WEAT AT M v A T R o 5 AR A A Sk BT
Jre s A MRI K A28 B0E; % 6 A £17 0 fg
T KRG B H HIE R
L2 RITAIEM AR RSO . Na . Vb
WD BEFOTAT T 2~3 AN AW 21 d Rk 1 AR
SARST L HAR DT 2k 2V b FE (VT 95 46 5 5 24 2 W) 7
)60 mg/m’ 55 1 K, F K T 5 IR (V195 5 AR 2500
INEE R 80 me/m” LB 1 K R T UK e E (-
T AE 2R T3 245 77 ) 800 mg/m” 4 K 47 45 0 Dk W %
2 4t 4 d, R SFIIT S H G 2~3 BT R AT
J7 B T WIAMIT A BAE BT 1 REEE 2 RIF AT
WIETT , 7 R4 30 mg/m® 5 1 K, # kg e, 1
W/ I 6 AR, 4R R BT R YR IM-
RT. % 18 [ Pris 5 24 807 2% 5 25 (ICRUD 50 5 1 62
S A TR ) g AT X ) ], R X 2] SR Varian 23 A
AR R G5, 8 XA 45 S M R AR ik g AR L (G T Vinx)
S BH PR 45 (GTVnd) , & & I R AR L (CTVD
ARG I R AR FL (CTV2) . 4% 801X (4 3 ) 8 44 fR
(PTV) 45 T B4k J7 % & 4 %) 4 : PGTVnx 70,0~
71.3 Gy, PGTVnd 68. 0~70.0 Gy,PTV1 3} 62. 0
Gy,PTV2 Jy 56.0 Gy, 7 WK E R 31~33 K. WY
% %5 N Varian 2\ 8 B eclipse #1 23EX B B £k I
.

JT AT B A O AR O RV BOT A 4 R LOT AR 7
JA BT 45 90 07 5 3.6.12 4~ H 4T MRI # 4,
IFFEEFT DW-MRI K 2 49 [ i, 22 B8 56 [ A o3 e S5
BITUMEH (RTOG) 1 53 93V 53 b e X 1 - 2 47 3
P09 L0 TRER 1 H, BREBRERMO .8
Bk WRE R 2 K B E O T RS
W B K 3 P, B IR T O R 4 R
PR K
1.3 DW-MRIf&Irk fa&RiEE 20881 h,
i 1. 5T MR & % ( Achieva, PHILIPS) , %517 3k #i
WHL AL TIW. Bl 7 T2W. 4k 7 T2W. 56 4k £
T2W Bl FS JF o4, R 517502 DWI 35, H
1 L A AR A 3 AT R T AR A X 4 A A
PRATGE N R, DWI H ¥ = 8~ TE = 80 ms,
IR delay=260 ms. %% 25 cm,/Z/E 5 mm,FOV 250
mm X 250 mm,NEX 2, b=0 s/mm” il b=800 s/
mm”, #ERRE —4 DWIL P, R G54 T HE N
Edi 2 C F 600 mg(100 mg X6 H) . UE B F e 4
YRR C & T H S L2 0 IR 8
FWHBIE, BEBE 1 min 42 1K DWI 4, 41 DWI
JEA R R BT E] R 2 min, 36 7 %K, B4 DWI P41 3k
T ESEAMRSE T RN 9 YR, DWI
Pl {5 5 IS 8 23 91 Ay - B B D D 5 4k R C IR B 3.



ETREF 20195 9 A% 48 5% 18 ¥

6.9.12.15.18.21 434,

1.4 K& 34 EAR % R WorkSpace
R2.6.3.1 TAEuk 4L B, F| Al Functiontool #4117
LR MR, B T2W EURAE S DWI T4
PG L /7 i R B T R ) SBR[, S AT B sk T T
S i Ok R 2504 B fik S5 R I A A IR A R 4 e
TR RS B L G A L LI 1. T AR B A
REMIFE, A3 A T A DWI EHR A9 R WY 1R
BE ., ADCEHM A AW T .S =S80 X exp(—
biX ADC) , Hrp SO JEFES 1 4~ b EHEMER L& (5
SO L bi X AY b E, S0 & FER b=0 s/mm” 1Y
K005 5 0 B 1Y AR i

A T2W EMR I /2) 5 G X ;B 3% T2W EHZ1E DWI E1{R
A T A R X
1 BEW T2W F1 DWI 55 E B REIBR IR B L@ X

1.5 ZRits#abs Frig gl ok H SPSS13. 0 4t it 4k
GRS N i3 B I 1 N D e e N L R A A
K7 22 3 W 508 UL AR AR ¢ K, IR R0 AR /S 1 L
BRI 5 2200, LA P<<0. 05 22 A St
RN

2 % ES

2.1 RTINS TR T R A 1
SR DRIV B A 4 L s /D BT A5 T 2 d A R I
e iy ). BRAR A AL i 34 21 Gy, Wi
R LR oA 56. 27 Gy, BUTRTETA BE 1T F
W 0 G T A T ROTASR 0 B A I L i
PSSR ZNUT R 3 M A D FIREAHE TR 6.12
MAOTZEERE (F 1), WA BT 4
JA IO AR MBOT R 3 M A 2R R E X
(P>>0.05), BT 12 ™A 597 E 3 1 T4
WHEEZES WA G ITT¥%E X (P<<0.0D) . U7 )5 12 4>
HS5WIFE 6 P HUEEZER TRIT#E X (P=
0.27D, TR 6 MH 5T E 3 M HERA ST
RN (P=0.019. 08007 )5 6 MH ST RERA

3145

GiitefE L (P =0.010),

2.2 #EIRE T MEW M DW-MRI ADC {4 /9 48
b BERR AT BT A 4 JR ETY 45 R ADC {534
ERELTERITIE 6,12 SHAMZB LK GE2) . W
IR AR O S5 A OIT IR 3 A H 2 % L8t
B (P=0.356) , AR MBI LB 2R A G
S(P<20.05), PP LA IR BOT 45 RAOT )G 3
NAZER TG T2 L (P =0.387) , A& W B i
SWA G E L (P<<0.05),

£1 28 BIEMEE IMRT HIEOFHRER(n)
WU BOY ROV ROYRE MOTR
T
EBOTH e w3 AH 64H 1240
0 %% 28 0 0 0 3 4
14 0 15 6 7 15 20
2 Y 0 12 19 18 9 3
3% 0 1 3 3 1 1
2.3 TR HIEOIR A R ME W IR DW-MRI ADC {8 1 2%

16 MEBR O R R A AR 3 b IR R () ADC
WAL 6 R TR S 9.12.15.18 43 Hh B A
B TE L 21 b RS N RE L PR ECR O AT R
R 3 M 6 B 22 5 Gt L (P <<0.05), HiAy
A I A] 5 R 22 R R G 2R L (P >>0.05) . WY
55 4 J8 ADC (30T Fr B AR T, (0 4 B R S 3
TCH 22 5 (P>0.05), BTSSR BUITE 3 A%
BF A A5 ADC fEAH Y, I B33 F o7 4 8 (P <<o.
05) » i il 385 45 B 1] o5 L 303 Jo B d 25 5% (P =>0. 05)
WIF G 6 AN A 12 A H ADC (B SR 8 57 45 o
BT ARG 3 A A B2 REAR, W R R B 3 f 6 41
h 2% A Ge it 2 L (P <<0. 05) , Hi 4y & I [] 4
S HG XL (P>>0.05), lLFE 3,

T B < Y T R R SRR S T A R 4% B TR A A
ADC B 5 20 A1 I8 R AH AL 09 5 R T & 5 D R
R L SR 5 H B K I ) 1 2 08 T R R T L A TR
WS 3 M 6 Bl R A G E X (P =0.026), H4x
K A] S I 2E B G X (P >>0.05) , T
54 B BUT SR CBUT IR 3 N H ADC H B AR T
H 4% B ] 5 A 3 B i 22 5% (P=>0. 05) ., JI7 )5 6
AH M 12 A A ADC B A 5 307 45 ) A7 e 3
A H B AR H AR S A 22 R RS X
(P>0.05), L% 4,

%2 IMRT Bi/ERRBR A TR B B RS TS REH A E A ADC(x s, <10 *mm”’/s)
¥ i eEgil HOTHS 4 A T 4 TR 3 A A v E 6 A~ A WO )R 12 4~ A
U A 1.12+0. 11 1.3740.15 1.56+0.13 1.5540. 12 1.41+0.18 1.28+0.16
WUR iz 1.3240.12 1.53+0. 16 1.78+0. 14 1.77+0.16 1.63+0.19 1.48+0.15




3146 FRESF 2019 F 9 A% 48 K% 18 M7
3 IMRT BIERRER R MK S T &M E A ADC(x+5s,X10 *mm*/s)

P[] # 3 min 6 min 9 min 12 min 15 min 18 min 21 min

) &g} 1.12+0.11  1.28%+0.11  0.99+0.13 1.11£0.09 1.23£0.10 1.34#£0.08 1.39£0.14 1.35%0.13

T 4 M 1.3740.14  1.39+0.12  1.3640.10 1.36+0.12 1.3740.13 1.3740.12 1.38+0.12  1.3740. 10

JROIT 45 R 1.564+0.18 1.57+0.10 1.554+0.09 1.5640.13 1.56+0.11 1.574+0.11 1.5740.13 1.56+0.09

TR 34 A 1.55+0.10  1.57+0.15 1.54+0.12  1.5540.12 1.56+0.12 1.5740.12 1.5840.09 1.56+0.16

TS 6 4~ H 1.4140.16  1.50£0.08 1.3340.11  1.38£0.10 1.4340.09 1.48%0.10 1.5040.10 1.4740.11

TR 12 4~ A 1.2840.14 1.38+0.17 1.1340.12  1.24+0.12  1.3440.08 1.3940.09 1.41+0.12 1.3840.12
x4 IMRT IR TIREA R BUR S T & E & ADC(x +5, X10 *mm”/s)

i ] i35 3 min 6 min 9 min 12 min 15 min 18 min 21 min

&gl 1.3240.12  1.4240.11  1.2440.13  1.27£0.09 1.3040.10 1.3340.08 1.36+0.14 1.3440.13

T ES 4 T 1.53+0.16  1.55+0.12  1.52+0.10 1.5240.12 1.53+0.13 1.5440.12 1.5540.12 1.5440.10

T 4% 1.78+0.14 1.79#+0.10 1.75+£0.09 1.75+0.13 1.76+£0.11 1.77£0.11 1.7840.13 1.77£0.09

T a3 A A 1.7740.16  1.80%0.15 1.7640.12 1.7740.12 1.7740.12  1.78%0.12 1.7940.09 1.7840. 16

TR 6 A~ H 1.634+0.19 1.71£0.08 1.58+0.11 1.6040.10 1.6240.09 1.64+0.10 1.6640.10 1.65+0.11

Wor R 12 4~ A 1.58+0.15 1.67+0.17 1.54+0.12  1.56+0.12 1.58+0.08 1.6040.09 1.6240.12 1.6040.12

3 i+ it (P<C0.05),
O A A LR LA R RN T B A K R AR S T B A3 U B R VR 2 o5 70 V0, BB 4 B 1)

J7VZ A3 A T O 260 I B /0N 0 R 2 A AR LR
I M A 408 30T S MRS58 A S 9 9 A R X, G v R R e 48
AT T 55, Ay 0 TR A2 kb K A i AR B 45 B RS B e )
DX, LB A LA MR 408 AT e MU 8 200 9 EL &5 A
R ITA LB X, 51 5 32 2 48 7 a5 i BEGE, /)
fdi R F IMRT 30 1 8 e 11 T REIR A8 2 28 L 4% 901 2 A
MUY IE 3 AN H RIS B A g WK 4
WAHRL, BT 0 B AR OT 5 A4 JR O Ih B [ R
(R 1 RE R L 7R BOTY 45 R 207 e 3 A H X A ) B
S TP B B T R 6 AN H FUEOT I 12
A LR TR0 IR B A it

DW-MRI i H F 3k 2 3 2 30 8¢ &5 19 I IR fr
(5 A A 5T 28 4R R WO MEVRIR 9 ADC B 48
Jr Rt TR AT R T 5 O R A R 9 4
L0 D /0 L A A A0 B S BOK PR A 8
TS5 ADC T8 . JUAN ZMRF5E T 11 4] &
WK IMRT S35, 3 578 07 | 07 f5 100 d N ik
JPJE 100 d B 1AEREOT I 1 4F L E 4 AR el BE AT
DW-MRI & # . #F 5% /R i y7 J5 100 d LYY I
100d 2= 1 4E BB ADC {H & & & T i yr ar (P<<
0.05), il iy7 5 100 d N ADC {E fe & s U7 e 1 4F
DL b BRI ADC B AT & T il7 . 0 22 5 R g it
SN (P=0.153), AHF 78t 0 28 2] BORAS R M
HOTES 4 FFEER ADC % 4 T8 . 80 0T 45 ORIOT
Ji 3 A H BB RE ADC B 35 5 & 0 BOT IS 6 A~ H A 12
AH ADC {HZ T BEAAA B & T 807 A, i e
i B ADC H 57T e 22 R A S22 8 X

259, PR 5%, R BRI A TR,
AT L4300 35 T 1 R 28 P AR L R DR R A
T RO R e R A TR O R TR R Y
IR R 0 K B R AR A R B A DR R R R 4
B IR Y o5 L b T 2R 2 60 94 4 0 T Y 3R TRAL B LA UE A T
R T A R B A BN A R . 2R SN R
17 i fad e R F 947 T DW-MRI H$ . & 3§ Bk
A TR R ADC {8 BH W = F IR, 78 2 i ek
A TFEW 2 min AR ADC 5 2 F+ & 40 F B
ADC HMFHE . 2519 7 min BB AR AT B ADC {4
B R %, 9 min B ADC {83 & ¥ F 7+, 16 min Bt
ADC B 5 w0, Hofth i F 5 tho X0 22 31 268 0L 1% 15 A 3%
RET ADC {H 56 F+ = J5 B AR 2% 18 A & &
B ZHANG S50 26 61352 T RO Y S A
FERE AT T DW-MRI H 3, 0F 58 7 iy a Ja S
AT BRI ADC A4k, 85 R R BT e 2 J8, B
N IR ADC 3 8 % 5 T 0T i (P<<
0. 05) s ST W AH b, iy 3 1) AR 32 300 98 ADC
v (RT3 R R I 3 AR (P <<0. 05) , BT 1 ) i
RS2 A ADC 38 5 (B RN 3 i SR AR H 22 5 6
GiitegE L (P>>0.05), DIRIX 2% %4257 7 I8 g
PP T B 8 1) Sk 208 b RS £ & E AT T DW-MRI
4 BE O T 600 AR O ] R AR S 34 750 1 N
26 Gy) X 2 30 B g 5 707w AR ] S T 422 32 7 0T
] Py R B D 58 4 3t 2 e 7 SR SR 1 R N 5 I B RO S
ft ADC {H 728 6 5 D RE A0 15 #H OC . A 5% o WL 58 31
SURAS T AT BRA ADC {8 = TR BRI OIS T 3



FTHREF 201945 9 A% 48 5% 18 #

min B AR ADC {H & & F+ & (P<T0. 05) a0l F AR 1Y
ADC R T . Z 5 89 6 min IR FE T R ADC {4
¥ (P <<0.05), 2 )5 ADC {H ¥ &4 LT, 5
18 min A ADC {8 ik 5 /& 1%, 21 min Bf ADC Hf4 T
B . Y7 JE IR AN T IR i ER AT A ADC fH ¥ H
BRI a7 L I L B0 X 1 o 38 A 2 O O 5 L DAY 5 4
JE RT3 AN H o R

25 BT IR R R S A 0 2 Sk S90S e e Y
Jei 28 4 1t Mk DLk G 00 O R L 7 L T 4R AT B O Ok
AT A . DW-MRI $7 AR R L8 o] Joda 55 0]
AL E W R I R M. AR B
505 AR [ N A G 5T i 3B A5 S AR L S5 22 nT 4k
SEHIF 5 I R 0T R B AR RS fE T ADC fE Y A
RN ™ KA A 1 R0 25 T 19 Bl 5 B (1] S8 1 fiff M Y0
iR ) 18 B PR 15 DL

S % Uk

[1] CHUA ML, WEE JT, HUI EP, et al. Nasopharyngeal
carcinoma[ J ]. Lancet,2016,387:1012-1024.

[2] BUGLIONE M, CAVAGNINI R, DI ROSARIO F A, et
al. Oral toxicity management in head and neck cancer pa-
tients treated with chemotherapy and radiation: Dental pa-
thologies and osteoradionecrosis (Part 1) literature re-
view and consensus statement[ J |. Crit Rev Oncol Hema-
tol,2016,97(2) :131-142.

[3] SIM C,SOONG Y L,PANG E,et al. Xerostomia,salivary
characteristics and gland volumes following intensity-
modulated radiotherapy for nasopharyngeal carcinoma: a
two-year follow up[J]. Aust Dent J,2018,63(2):217-
223.

[4] ALMSTAHL A,WIKSTROM M, FAGERBERG-MOHLIN
B. Microflora in oral ecosystems and salivary secretion
rates—A 3-year follow-up after radiation therapy to the
head and neck region[J]. Arch Oral Biol, 2015, 60 (9):
1187-1195.

[5] ZHANG Y Y.OU D,GU Y J,et al. Evaluation of salivary
gland function using diffusion-weighted magnetic reso-
nance imaging for follow-up of radiation-Induced xerosto-
mial J]. Korean J Radiol,2018,19(4) :758-766.

[6] MCDOWELL L J,ROCK K, XU W, et al. Long-Term
late toxicity,quality of Life,and emotional distress in pa-
tients with nasopharyngeal carcinoma treated with inten-
sity modulated radiation therapy[J]. Int J Radiat Oncol
Biol Phys,2018,102(2) :340-352.

3147

[7] XU X Q,CHOIY J.SUNG Y S.et al. Intravoxel incoher-
ent motion MR Imaging in the head and neck: correlation
with dynamic contrast-enhanced MR imaging and diffu-
sion-weighted imaging[ J ]. Korean J Radiol,2016,17(5):
641-649.

[8] LAL P,NAUTIYAL V,VERMA M,et al. Objective and
subjective assessment of xerostomia in patients of locally
advanced head-and-neck cancers treated by intensity-mod-
ulated radiotherapy[J]. J Cancer Res Ther,2018,14(6):
1196-1201.

[9] KANMAZ L.KARAVAS E. The role of Diffusion-Weighted
magnetic resonance imaging in the differentiation of head
and neck masses[J]. ] Clin Med,2018,7(6) :1-10.

[10] CHUNG S R,CHOI Y J.,SUH C H. et al. Diffusion-
weighted magnetic resonance imaging for predicting re-
sponse to chemoradiation therapy for head and neck
squamous cell carcinoma:a systematic review[]J]. Korean
Journal of Radiology,2019,20(4) :649-661.

[11] XU J,ZHANG K,WANG H,et al. Clinical application of
diffusion-weighted magnetic resonance imaging in radio-
therapy for nasopharyngeal carcinoma [ ]J]. J Xray Sci
Technol,2019,27(2) :297-306.

[12] DIRIX P.DE KEYZER F.VANDECAVEYE V A, et al.
Diffusion-weighted magnetic resonance imaging to evalu-
ate major salivary gland function before and after radio-
therapy[ ] ]. Int J Radiat Oncol Biol Phys, 2008, 71(5):
1365-1371.

[13] ZHANG Y.OU D, GU Y, et al. Diffusion-weighted Mr
imaging of salivary glands with gustatory stimulation:
comparison before and after radiotherapy[J]. Acta Radi-
0l,2013,54(8):928-933.

[14] JUAN C J,CHENG C C,CHIU S C,et al. Temporal evo-
lution of parotid volume and parotid apparent diffusion
coefficient in nasopharyngeal carcinoma patients treated
by Intensity-Modulated radiotherapy investigated by
magnetic resonance imaging:a pilot study[ ] ]. PLoS One,
2015,10(8) :e0137073.

(157 28 EHRHE L JAE I L 45, ORS00 BOR BOIM AU AR ST fi 1E
HUEMRIIRELT ). h E BEAE AR R . 2009,25(11) : 1992-
1995.

[16] ZHANG Q.WEI Y M.QI Y G.,et al. Early changes in ap-
parent diffusion coefficient for salivary glands during ra-
diotherapy for nasopharyngeal carcinoma associated with

xerostomial J |. Korean ] Radiol,2018,19(2) :328-333.

ISR H#.2019-03-24 & 8] H 1 .2019-06-23)



