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Abstract: Objective  To study the value of fast spin-echo diffusion weighted imaging (TSE-DWI) apparent
diffusion coefficient (ADC) in children aged 2-12 years with intellectual disability (ID)/global developmental delay
(GDD) who have normal conventional brain MRI findings. Methods A total of 578 children with normal conventional
brain MRI findings who met the diagnostic criteria for ID/GDD and 375 normal children were enrolled. Their imaging
and clinical data were collected. All children underwent scanning with brain TSE-DWI sequence and routine sequence.
ADC values of each brain region were compared between normal children with different ages, as well as between
children with different degrees of ID/GDD in each age group. The influence of Adaptive Behavior Assessment System-II
(ABAS-II) score on ADC values of each brain region was analyzed. Results For the normal children, the ADC values
of the frontal and temporal white matter, the corpus callosum, the inner capsule, the centrum semiovale, the cerebellar
dentate nucleus, the optic radiation, the thalamus, the lenticular nucleus, and the caudate nucleus gradually decreased
with age (P<0.05). ADC values of the deep white matter, the shallow white matter, the deep gray matter nuclei, and the
shallow gray matter increased with the increase in the degree of ID/GDD in the ID/GDD children aged 4-6 years (P<0.05).
In the children with ID/GDD, the ADC values of the deep white matter, the shallow white matter, and the deep gray
matter nuclei decreased with age (P<0.05). The ADC values of the children with ID/GDD decreased with the increase in
ABAS-II score (P<0.05). Conclusions ADC can reflect the subtle structural changes of brain regions in children with
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ID/GDD who have normal conventional brain MRI findings. It may be associated with social adaptation. It can provide
an objective basis for the quantitative diagnosis of ID/GDD in children.

[Chin J Contemp Pediatr, 2019, 21(6): 541-546]
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S HA R B IR St S P & 7 B i PR 0
FE R R E BB B A, LS R 1
REBREE, FEUEMES . fhac Mg+ M, D
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coefficient, ADC ) KR/, BUERAK, KoFHHL
BEZIR, HT ADC fHBERE MUK T Sz e 28 LR
240 6 I 370 S0 A S AN B R 1 e e e 1Y AR
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®1 MRIFIE#ESH
52l TR (ms) TE (ms) NSA FOV (mm x mm) S % JZJE (mm) [H]HE (mm)

TSE-T1WI 638.0 7.1 2 210 x 187 220 x 147 5 1
TSE-T2WI 2500.0 94.0 2 210 x 187 220 x 147 5 1
T2WI-FLAIR 11000.0 130.0 2 210 x 187 220 x 147 5 1
DWI 5365.0 51.0 3 198 x 180 212 x 142 5 1

TE: [TSE-TIWT] PRI F €I T1 AR s [TSE-T2WI] P F B RIH T2 AIAUSAR ;s [T2WI-FLAIR] T2 FIAL + A pifs; [DWI] 9%
HOMAUSAG ;s [TR] FEAZWE]; [TE] BRERE ; [NSA]SRAEWREG [FOV] LT,

1.3 HENE

D ADC {HEF, $HER248R X 5 (ROL) #5ik
TR T i X RO, R REZR /NI R 22
ADC B R BT 3 M8, SRFHIME.
1.4 Sit=0Hh

K H SPSS 17.0 AT 8RB, B A
TR IR + FRuE2E (R=s) SRFOR, W4l
[] FL AR AR ST FEAS ¢ K50, 224 [a) Fu e R FH B
Ry Emr, AP 3R ] SNK-q 7. 115K
FORIABIECRN E 43 b (% ) R, 4l R+
TR, SR LR H Wilcoxon FRFITA 56
P<0.05 N2ZERAGIFE L

2 #R

21 EEVNRAZMXAEEHREADC ENER
TE G RE A R TR AR I AL R L 3 1 o S iR
FBIRBUA% AT ADC A 22 T A St 5 L (P<0.05 ),
AR BT ADC {H 22 5 T ge ¢ 5 3L (P>0.05)

W NRVRIRAZ . PR R ADC
B A7 0% TH R B T AR (P<0.05) o B i ADC
(B BE AR T e BRI, (A6 % ~dHm T 8% ~
4, ZRIGIHFE L (P>0.05) ; Bk ADC
B BEAE S T R R R, (H2 % ~ A& T 4% ~
4, ERIEGITHFEX (P>0.05) ; HEEADCH
BEAERA T = Wi A, 4 % ~ 45T 6 % ~ 4,

ZRTG T E L (P>0.05) 5 RIIEP.L. T
fili ADC E BEAE IS TH R B Wik, (H8 % ~ & T
10~12 % 4, 25522 E L (P>0.05) ; &
K% ADCAEHH 4 % ~ AUIFUR BEAT I T 5 12 7 FAIG

(P<0.05) . W% 2,
22 BMEXAREHREAREEHKFEHADC E
XtEE ot

B AE WS A AS R 1 KL R L R R
R85 A% A ADC (H 22 3 ¥4 g it 22 2 X
(P<0.05) , {RHIKFT 4 % ~ 20 ADC HZE R AL
IR (P<0.05) o VR A& 4RI AL ADC A
B ID/GDD F2FE T M i ( P<0.05 )5 TE 8% HRAT
i P EE ID/GDD 2H ADC R B A5 85 1% T v T A AIG
(P<0.05) ; HJFE ID/GDD A, 10~12 ZHALT
8% ~dl, HEFTHITFEXL (P>0.05) o &
F R A A% 2 ADC {ELFif ID/GDD 2B THEr i T,
H2% ~dd, JE ID/GDD 4 & T ID/GDD
4, ZRIGIFE L (P>0.05) 5 IEHXFTIELL
. W ID/GDD 41 ADC {E Bifi 5= % T 5 i B 5
HEID/GDD 4, 84 ~LT 6% ~4l, (H2E
SEGFE L (P>0.05) o WRHEBIK T A4 AF I
41 ADC {E B ID/GDD B E T = mi Tk, H6 % ~
4, BB ID/GDD 4l FIEHE X R4, 5 TLH
P25 L (P>0.05) 5 4% ID/GDD 4 ADC {8 Bl 4F
T REAL (P<0.05) o WHRBH, 4% ~ 4l
ADC f}f ID/GDD R T i T (P<0.05) o UL
7 3~6,
23 ARABHKFEILEHSENEE ST ADC &
E0p=A

IE 5 X IR AL 2538 AT M43 (ABAS- 1)
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2 EEVNRBARMXARERE ADC EHLLE (xzs, 107/mm’)
A (zniO) ?nfﬂ) (6n§5) ?niS) l?n:s?o:]u FA P
TRHR A 5T
it 0.933+0.008  0.881=0.032"  0.815=0.031"" 0.784+0.022""  0.746 + 0.030""" 24461 <0.001
M 0.901 +0.027  0.840=0.012"  0.799 = 0.018" 0.774 = 0.044™" 0.748 = 0.029"""  17.933 <0.001
RIS B
JiRiIREN 0.947 +0.037  0.837 =0.041 0.749 +0.039""  0.735 +0.019"*°  0.723 +0.030™*"  31.036 <0.001
E 0.902+0.020  0.875+0.036"  0.831=0.046" 0.757 =0.028"™ 0.721 +0.053""*"  16.038 <0.001
G e 0.847+0.028  0.811=0.045"  0.777 £0.036"" 0.740 £ 0.015*>° 0.727 £0.019*™  10.576 <0.001
AT 0.831+0.042  0.811+0.024"  0.787 +0.036"" 0.725 £ 0.056**° 0.684 +0.023*"'  17.561 <0.001
e /35
THUH R S5 0.833+0.029  0.782+0.043  0.823+0.033 07710012  0.788 +0.056 1.788 0.184
G /3 0.834+0.054  0.784=0.052  0.752+0.027 0.762+0.059  0.756 = 0.053 1.798 0.182
TR K A% A
INBERAZ 0.883+0.027  0.813+0.031"  0.790 £0.045™" 0.726 0.024"™  0.680 = 0.047"""  19.215 <0.001
Fr il 0.922+0.026  0.863+0.030"  0.767 = 0.043"" 0.742+0.017"" 0.715+0.027""°  32.508 <0.001
SRAZ 0.863+0.036  0.875+0.021 0.813 +0.053*" 0.743 +0.012*>°  0.694 = 0.030™*"  21.358 <0.001
FEMRAZ% 0.876 £0.042  0.835+0.045"  0.804 +0.033"" 0.750 £ 0.021**° 0.713 +0.028"""  16.251 <0.001

F: [ADC] RWMBRELREL, a5 2% ~ 4, P<0.05;
HHHE, P<0.05,

*3 BERAAREENKFRIBER ADC EHIELE

(x+s, 107%/mm?®)

b5 4% ~ 4L, P<0.05; c/n5 6% ~4lILE, P<0.05; d/n58% ~

P ; IEHX R4 REEID/GDD 44 WEEID/GDD 46 #J¥ ID/GDD 4 P Pl
(n=375) (n=185) (n=187) (n=206)
24 ~ 187 0.901 + 0.024 0.939+0.012"  0.959+0.014"  0.986 +0.010™" 17.503 <0.001
44 ~ 197 0.841 +0.014" 0.872 +0.033*"  0.912+0.020™"  0.960 + 0.019™""" 31.477 <0.001
6% ~ 183 0.802 +0.007*  0.835+0.028""  0.864 +0.013"™  0.906 + 0.023""*"*  66.130 <0.001
8% ~ 187 0.760 = 0.008*"  0.797 £ 0.032°*" 0.843 = 0.012**" 0.881 + 0.049""**"  24.434 <0.001
10~12 % 199 0.731 £ 0.007*"*  0.758 £ 0.026"*"* 0.802 = 0.026™*"* 0.873 + 0.069""***  37.450 <0.001

F1i 22.696 21.153 24562 18.253

P <0.001 <0.001 <0.001 <0.001

: [ADC] MR R B a /R 5 1E 5 % B AL, P<0.05; bR 5525 ID/GDD 41 L 4%, P<0.05; c 785 51 BE ID/GDD 41 th 4%,
P<oos AR5 2% ~ HILE, P<0.05; e 75 4% ~ HILE:, P<0.05; (7556 % ~ HILE, P<0.05; g/t 8% ~ 4Lk, P<0.05,
*4 BERABAEENKEZRIBERADC ERLEER (xzs, 107/mm’)

e ; Ejzx;lﬁzﬂ E‘:E( rlllzi(;l;)D 4H EPEE( Eg%]) 4H Efﬁ( E;?;D Eal Pl Pl
24 ~ 187 0.924 + 0.005 0.957 +£0.008"  0.964 + 0.005" 0.987 + 0.020™ 13.246 <0.001
44 ~ 197 0.854 + 0.004" 0.881 +0.014™  0.912+0.009""  0.956 + 0.021""*" 20.855 <0.001
6% ~ 183 0.812+0.009%  0.852+0.004 0.898 +0.018™™™ 0.939 +0.014™"  77.563 <0.001
8% ~ 187 0.767 = 0.015*"  0.809 +0.022**" 0.872 = 0.013***" 0.915 + 0.017*"" 84.048 <0.001
10~12 % 199 0.731 £ 0.003*"*  0.788 £ 0.004"*"* 0.844 = 0.017***"* 0.872 £ 0.061***"*  86.077 <0.001

F1i 17.621 21.326 23.157 15.18

P <0.001 <0.001 <0.001 <0.001

: [ADC] MR B R B, a8 HIEH X IRA AL, P<0.05; b/s 5% % ID/GDD 20 L4, P<0.05; c 735 1 ID/GDD 24 1L 4L,
P<OOS AR5 2% ~ HIES, P<0.05; enb 4% ~dHHHE, P<0.05; /a5 6% ~ LA, P<0.05; g/t 8 % ~ AL, P<0.05,
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x5 BERALEENKERSBAFEZE ADC ERLEE (x5, 10°/mm’)
P IEF R % ID/GDD 4 T ID/GDD 4 I ID/GDD 41 Pl Pl
(n=375) (n=185) (n=187) (n=206)
2%~ 187 0.869 +0.013 0.896 +0.147"  0.926 = 0.008""  0.958 +0.007"" 53.400 <0.001
44 ~ 197 0.837 + 0.007" 0.874+0.013*"  0.897 =0.010"™™"  0.938 + 0.038"""" 39.679 <0.001
6% ~ 183 0.811+0.004™  0.831+0.011"  0.868 £0.011"™  0.909 +0.018""" 46.967 <0.001
8% ~ 187 0.747 +0.012*"  0.783 +0.014*™"  0.835 £ 0.007*"*" 0.888 +0.175""“*"  86.456 <0.001
10~12 % 199 0.705 + 0.016™"  0.740 + 0.014**"* 0.809 + 0.034™"**"* 0.852 + 0.019""****  50.410 <0.001
F {8 25.783 18.731 20.376 26.752
P1{H <0.001 <0.001 <0.001 <0.001

T [ADC] F MR B R E, a R 5 1EH XA 48, P<0.05; b 5428 ID/GDD 41 HL %, P<0.05; ¢ /<5 H1 B ID/GDD 41 4%,
P<0.05; d7”152 % ~ F#E, P<0.05; en'5 4 % ~ B, P<0.05; /835 6% ~ i, P<0.05; g5 8% ~ H#, P<0.05.

(x+s, 107/mm?®)

&6 BEMEAREENKEXRAIRE ADC EHIELE

1R R ZH B ID/GDD 4 HE ID/GDD 4H EJE ID/GDD 4

R " (n=375) (n=185) (n=187) (n=206) FiE PR
2% ~ 187 0.839 = 0.008 0.848 +0.014 0.859 +0.028 0.897 £ 0.019 3.399 0.054
4% ~ 197 0.803 = 0.028 0.823 +0.027" 0.8620.019"  0.906+0.016"° 15355  <0.001
6% ~ 183 0.797 = 0.048 0.802  0.039 0.843 +0.042 0.866 = 0.085 1.384 0.295
8% ~ 187 0.804 = 0.055 0.796 + 0.041 0.851 0.051 0.883 = 0.022 3.430 0.052
10~12 % 199 0.837 = 0.045 0.795 + 0.047 0.833+0.074 0.879 = 0.045 1.621 0.237

F {4 2.783 3.015 3.387 2.859

Py 0.132 0.079 0.059 0.113

. [ADC] LR EL RS, a/m SIE# XA L E, P<0.05; bR 55 ID/GDD 4l b4, P<0.05; ¢/~ 59 ID/GDD 41 b4,

P<0.05,

R 7 7F[E ABAS- || {53 REIE 517k ADC ERILLE

(x+s, 107/mm?)
B K n ABAS- 1T ¥4 ADC {H
I B4 375  94.8+53 0.701 = 0.005
RFID/GDD 41 185 83332 0.794 + 0.002"
FEFID/GDD 40 187 75.2+32" 0.854 +0.018""
HFID/GDD 4 206 64.8+2.7" 0.964 + 0.023""
F1{i 98.756 32.340
P <0.001 <0.001

e [ABAS- 11 1412538 R AT R PE4Y; [ADC] FMIRIHR KL
a i 5 IEH M AL 4, P<0.05; b 55 ID/GDD 41 %,
P<0.05; c 785 ID/GDD 4 b4, P<0.05,

3 it

ID/GDD L 3= % 3R B Ry A [6) #2 B A N 2 RE

PRl WA

NS
AN

BEAT . SCUBRAT . 470 50 5

I RAE M o3 I B 3 I RE T IA AN B 58
kL2 SR AN Ak S B 2 K KPR
SbRE, T EAMERFS SR, A IR RO IR

ABAS- T #¥43 & T ID/GDD 4H &£ )L, H.f# ID/GDD
FEEET R, VRO iRAS, X 5 A Semr T — 3™,
WLy DL G S £ o B 1 B T
WRBLL 1~2 Z et 7 ADC R & TR .
ARHIFFE f s B 150 S GRS K BT A ADC (K
HBBEAE IS TH e B W R, 45 S5 Hacohen %5 1M
W E—2, BRI, ik B 2 8,
KA FYHEZR, FIA ADC (HAREAR, (HEH
JKJG ADC B REAF 54 I J0 I WAL, mTBE TR
T K B REAE 2 8 LA ARG, 2 %R
ADC {H 1 A8 Ak 52 AR 14 1R 5 i Ok /N, TR L TR
P10 B TR R o A% P 45 AR i 41 ADC (B K # Bl 1D/
GDD FEEET ST, WK R 4% ~ 4
ADC {H ki ID/GDD & B i 7t i T, X 54 ¢
5L "™, ID/GDD LA e 32 3453 ) 4 fisi
FIRTEF 4RI, 4k o) i 2% 1 & &, VREB K I F
KB EANZ, Z BHXF D W AR Z R,
R IR JFA% A 5 s AR, i3z BLREH -
INARIE, A5 LGS ADC RS8R A2 1k,
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RIVAS [i] DX 35 ) T o B AIE 1, AR 9T P ok & B
FBJL, XATRESMALH . AU B 2E A
R2EFHEREA K #1538 WAL Ay 5 1D/
GDD LA —I 245 bR, ARAR R, AR
ABAS- 11 $¥43 ID/GDD 2 JL ADC fE A A, HFfF
S THE B WAL, 28 T ABAS- T4 A &
JLRRASF IO AR A R T i 1 8L

ADC {H fg % T & #L /51 il MRI 1E & /9 1D/
GDD LA X 4 25 A A8 4k, A3 7K1 S
JLEE iR 2 e se B vk . BEAR RIS K HB o # 4E rh 7E
Yok E % (diffusion tensor imaging, DTI) |- 2ol
DTI e XF JLZE M ST T, AFE 4R
(TR | B B s A AR A 26 Y (B e TR
REB K BT ITCIEVEAY, BURBSTHG, FF53 LTEE
KAFRIAC G, Jo AL 2 AR, B B,
I DWI #AERI AT, AR L, ok T ReR
MAFIRFPEA ID/GDD LA ki X A0 s 2 44 A8 1k
)% A 2T B, AR BUSUIK MRI IE % 1D/GDD
BILWE RIZWHR AL TR, AR R Z A4
R JEE L R I AT 4 R R AT M s e
WA SARTIEE AR, X BLE— R B
ADC {H#EAT T XL, SkZ B[] gk s

[&

5 % X ]

e ERG P PRy RS MR RS I S 0T (R L 0IM).
I Je XA, BERD, B dbat: dEsURSA A
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