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Quantitative analysis of brain volume in healthy individuals during school-age period based on automatic
brain segmentation technology ZHAO Jin-hong,ZOU Fei, YANG Zhi-li, et al. Department of Radiolo-
gy,the Second Affiliated Hospital of Nanchang University,Nanchang 330006 ,China

[Abstract] Objective: The purpose of this study was to analyze the differences in brain structural
volumes among healthy individuals in the Chinese school-age population using automated brain seg-
mentation techniques based on MRI. Methods: A total of 144 healthy school-age volunteers underwent
MRI brain scan at a GE Discovery 750w 3. 0T MR scanner. The scanning sequences included T, WI,
T, WI T,-fluid-attenuated inversion recovery (T,-FLLAIR). Based on the axial T, WI, automated brain
segmentation techniques were used to obtain segmented images of brain structures and the volumes
and standardized volumes (the ratio of individual brain structure volume to total brain volume) of
various structures within the brain,including total brain, brain gray matter, brain white matter, cere-
bral white matter,subcortical gray matter, medial temporal lobe,lateral temporal lobe, occipital lobe,
insular lobe, cerebellar gray matter,cerebellar white matter, frontal lobe, parietal lobe,cingulate gyrus,
ventricles, cerebrospinal fluid,and brain stem. The differences of brain structural volumes in different
gender-groups, four age-groups,and left and right side of the brain were analyzed statistically,and the

correlation of brain structural volumes with age was observed. Results: Statistical differences of the ab-
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solute value of whole brain volume, also of standard volume of brain structures,including left white
matter, white matter, bilateral cerebral white matter, cerebral white matter, part of subcortical gray
matter,part of the medial temporal lobe, part of the lateral temporal lobe, part of the occipital lobe,
part of the frontal lobe, part of the parietal lobe, part of the cingulum were found between different
genders. There were statistical differences of bilateral standard volume of part of subcortical gray mat-
ter,part of medial temporal lobe,part of lateral temporal lobe,cuneus,insula,cerebellar white matter,
part of frontal lobe, part of parietal lobe, part of cingulate gyrus and lateral ventricle. The standard
volume of cerebrospinal fluid was negatively correlated with aging (r=—0.49,P<C0. 05),whereas of
right putamen,left parahippocampal gyrus,bilateral fusiform gyrus,bilateral superior temporal gyrus,
right inferior temporal gyrus,left superior frontal gyrus,bilateral rostral middle frontal gyrus, bilateral
frontal pole, left superior parietal lobe, bilateral inferior parietal pole,left precuneus were positively
correlated with aging (r=0.42,0.42,0.59,0. 58,0. 44,0. 44,0. 47,0. 51,0. 47,0. 48 and 0. 48, all P<
0. 05). Conclusion: Automatic brain segmentation technology based on MRI can rapidly and directly
display brain structures and obtain their volumes. There are differences of brain structural volume in
healthy school-aged Chinese people between different genders. The volume of cerebrospinal fluid de-
crease, while of partial regions of the medial temporal lobe,lateral temporal lobe,frontal lobe, parietal
lobe and right putamen increase with aging.

[Key words] DBrain; Brain structure volume; Automatic brain segmentation technique; Magnetic

resonance imaging; School-aged population

NS 45 F it 43 o 22 A4~ Dy g DX i A X
E 90 DNLTRRVAN TR BRI R & - N CIN R (R E
X B FR I BEAT 23 B I B A X A RO X
4 AR S 0 i A2 AL AT DT 7 . MIRT PR 23 % 3 g A
Vel 0 15 WA T AR A % 2 0T 5 3 9 )™ 922 A AT 0 O TE il
T B2 A KR 45 kA BRI R 5 T ] A 2
FOREER R . 1 Sl B BOR AN RE R B Ak
B BT RS b B 6 MRT 148 8088 £ 47 20 #r
AT R XK R B 1 Sl A B A A% 6 A B TR R
00 Ak - DT R e i 750 45 4 F) b AR A

FI AT 22550 A 3l ik 20 0 R B AR S BF 5 Hh T 19 4
VbR AL 2 T T A1t RRE AR G 45 ) ) 3004 5 4l i
il 5 14+ [ A BRI T8 T T P AR R
ik 22 A ALY 00 45 2R 1 e 2 0T S e R Mk 4
PRBUEAT I B AW TS . ASBE SR T A 3k 2 B HR 73
A v ] % SO0 /0 A P A [ 8 4 il A R e
AR R O K P S ST T N 2 0 ST TR Il 2 4 1 AR
250 B A5 i X2 I O 2R AT 5 1 12
T i D REAIL ) K G A 4 D THT Y T O B E — A Y
fi .

W5 %

LI R Rk

2022 4F 1 H —7 AW 144 (i) b [ 27 5 109 4 e 75 I
BHRAFE . o 5 445 72 B AR 6~18 %, %
AR (6~9.10~12.13~15 fl 16 ~18 # ) ¥ i f 2 ik

B4 HA~D 4D, 53 3F 39.35.35 F 35 4],
AWK i - O O it FRe -9 0 B A5G S0 B8 5 @ il ¥ g
S S B A 5 @I R IR T AS P2 25 58 5 @
i AR E SR AR OLAE bR 2 OE s © UG E O MRT
RIS H 3 © Jo A P RMRE s O R A I BC 5 R 45 @
AT

ARHFFTIRAG T B K25 B8 S Be 16 P L At
#fE BTG 7 [ 2022 ]034) . By 32 18 BOL 3 AR
Il &

2. MIRT # #5 J5 %

{fiF§ GE Discovery 750w 3. 0T MR H{{X F1 8
ISk AR A M SRR . R T, W
TR 2250 ms, TE 24 ms; &% T, WI. TR 3400 ms,
TE 110 ms; £ 4l 180 . 76 4R 18 S % R FLAIR J57 471 .
TR 8516 ms, TE 166 ms, fLHF 240 mm X 240 mm, |25
3 mm., JZ [ B 0 mm . R R 1.

3. BG4k B

B B Er ToWLEE (K 1o 5 — 26—
B 28 P IR 5 38— 5 b M AN ] 8 R 30 R AT e I U
PEAT AR A [ 45 4 XS 73 ) B IBOF 2R AT AR I - 3R A%
i 53 F PR CIEL Th) 00 45 48 A BRI 4 o i 52 3
S5 R A0 A5 2 IR B LI B ORI BB R R R
G RUUE T i 1V N A N L A N /R AN T =
JoT AR OO T D] R TR G T 5 A e Ak
55 o AR, 455 A R 2 X {1 0 s o AL AR BUEEL B b
PN s 25 A AR 5 A ik SRR B 0 b



A2 Sz 2023 4 12 A4 38 45 12 ] Radiol Practice, Dec 2023, Vol 38, No. 12

Bl BHxi#,.10%, RS (EEM M E T, WI % ;b2
Jo BB A RAT 0 m A AL E AR,

I WA=

{fi JH SPSS 22. 0 BAF AT ST F A0 . AR+
PR 22 AR TR TR . SR A ST REAR ¢ K I L 4 B
Y15 Lo PR 22 6] JilG DY 45 25 R R BRI 22 S R R G ¢
R I8 Ll M N 45 S5 4 20 A AR R 25 5, RT3 ¢ 46
B RN A (2 2 R RIS (B 22 25 /b o 22 LA o
220 2 AIRF G IR 22) s RFI BRI R 7 2250 #r Lb
B A AW A 2 Bk PN 4% 45 A AR B 22 5 % 4 [R) 22

i P e S A8 A AT AR MEAR AR BRE LR 1

o AN TR ) 22 D Bl PN 5 25 A AR B Ll

A RO 3K i PN T A A A R {1 58 B R
W TCSE i 8 L (P>>0. 05), 55 P41 Fl 4 M2 4%
I 435 ¥4 B B E AL IR B AG EL AR S SR TR LR 2. S )
Y 22 T8]G4 X A A i 1 4 i i £
JBT A0 R 11 B A R B R B e R R

2

1515

SRAGI Y E X E KPR LSD £
IS AT 20 18] P9 7 L3¢, 5k AT FDR J5 ¥ %t 2%
RIEATRL A I 5 J7 22 43 B 9 R0 AE
CV/(FAE/BI%O) s K H Spearman #f %
31T WL Ml 1A 25 235 ) 1 R R A 07 1) A
Xk, BLP<<0.05 N 2ERAGHIHT¥E
X,
g B

L i 3 2 % 301 B ik 9 4% 45 1 1Y
PR HEAL AR TR

PR 2 25 FH Sk (1461, 054 136. 33) ml,
i N N A RN i € 1
73 ol & R A N A o 7 B
1.32%+ 0. 13%., 0. 07% £ 0. 01%.
19.17% +2.85% F1 19. 83% +3.59%;

1 *RARRABENAEMNFELAER

i 25 # RS pron e
£ 7 2 2 A

5 R R 22.59% +1.53%  22.84%+1.58% &

Ba R 17.43%£1.09%  17.31%+1.13% NV 3.72% +0.49% 3.66% 10.46%

ENER=N 13.73%40.78%  13.79% +0.76% N iE G i 0.71%+0.14% 0.66%+0.14%

BT RR by
BR A% 0.24%+0.04% 0.23%40.04% LR 0.93%+0.11% 0.88% +0.09%
A 0.36%+0.06% 0.35%40.05% HLEw 1.79% +0.21% 1.66% +0.18%
%8k 0.14%+0.03% 0.12%40.03% P e AT R 1.57%+0.19% 1.64%=+0.19%
St 0.56% 40.05% 0.54% +0.06% B b E R 0.40%+0.07% 0.39%=40.06%

) B vt A 0.13%+0.03% 0.12%+0.03%
s 0.29%+0.04% 0.31%40.05% IE 47 » 41 ) 3¢ 0.63%10.08% 0.56% +0.08%
L e 0.14%40.03% 0.11%40.02% HE 47 =+ 1 ) 2R 0.36%+0.05% 0.41%+0.06%
A=A 0.14%+0.02% 0.15% 40.02% Z 3 0.39%+0.08% 0.33%+0.05%
R R 0.11%+0.02% 0.12%40.02% iE 3R 0.19% 40.04% 0.20%+0.04%
k= 0.63%+0.09% 0.61%40.09% = A3 0.31%40.07% 0.35%+0.07%
A 0.15%4+0.04% 0.18%40.03%  mrt

) B et LE Y= 0.73%=+0.08% 0.68%+0.07%
& Ew 1.07% +0.14% 1.04%+0.12% W g et 0.25%+0.04% 0.27%+0.04%
b 0.87%+0.12% 0.99%+0.12% ket 0.98% +0.14% 0.99%+0.12%
BT = 0.93%+0.13% 0.89%40.12% T et 1.05% £0.15% 1.22%+0.14%
B = 3R 0.16%1+0.04% 0.18% 40.03% # A et 0.85%+0.09% 0.89%+0.09%
A 0.09%+0.02% 0.07%40.02% % ke 0.95%+0.12% 0.86% +0.10%

et J= i =
#z vt 0.24%+0.04% 0.28% +0.04% BT 4o A = 0.18% +0.04% 0.16% +0.03%
e 0.50%+0.07% 0.52%=+0.08% bk o 0.13%+0.03% 0.18% 40.03%
463K 15 0.16% +0.05% 0.15%40.05% )G da i @ 0.25%+0.03% 0.26%+0.04%
e s = 0.89%+0.14% 0.86%+0.14% Jo i =k 0.19%+0.03% 0.22%+0.03%

B vb 0.52%40.05% 0.54%+0.05%  MEE=E 0.49%+0.21% 0.44%+0.17%




1516 T 2F Sz 2023 4F 12 A% 38 #45 12 ] Radiol Practice, Dec 2023, Vol 38,No. 12
%2 TRAUAZRAABEBARTFZR(P<0.0HE AL LEHEHER
iz 45 M) PR3 P i (1A R &M M P i L AL
A A AR /mlL 1521.284-106.58 1395.88+132.54 6.27 0.93 £ 0.74%+0.09% 0.68%+0.10% 3.45  0.57
X a R 13.87%40.66% 13.59%+£0.86% 2.13 0.35 A=A 0.33%+0.07% 0.29%=+0.07% 2.90 0.46
& K NE @ R 13.93%40.64% 13.66%+£0.85% 2.13 0.35 A=A 0.37%+£0.06% 0.34%40.07% 2.78 0.44
K& & 27.79% +1.28% 27.25%+1.68% 2.17 0.36 =& 0.69%+0.11% 0.63%+0.12% 3.23 0.53
B BT RIR by
R RAE 0.23%+0.04% 0.25%+0.03% —2.70 0.43 EFkEw 0.71%+0.08% 0.74%+0.08% —2.99 0.48
& RIRA 0.22%+0.04% 0.24%40.04% —2.18 0.40 &R E 0.67%+0.06% 0.70%40.07% —2.34 0.36
Bk 0.45%+0.08% 0.49%40.07% —2.60 0.41 L Y= 1.38%+0.12% 1.44%+0.12% —3.18 0.53
P A et AP et 0.24%+0.04% 0.26%40.04% —2.72 0.46
AN R R 0.12%+0.02% 0.11%40.02% 2.72  0.42 &9 g et 0.26%+0.04% 0.28%+0.05% —2.58 0.46
AR = 0.65%+0.07% 0.61%+0.11% 2.61 0.43 e g et 0.50%+0.07% 0.54%+0.08% —2.92 0.46
EBRT® 0.95%+0.10% 0.91%=+0.15% 2.02  0.32 AT et 0.95%+0.12% 1.02%=+0.15% —3.06 0.49
S B ot AT _Evet 0.96%+0.10% 1.02%+0.13% —2.93 0.48
£ A E) 0.09%+0.02% 0.08%+0.02% 2.48 0.42 T ket 1.91%+0.19% 2.03%+0.26% —3.34 0.55
& = 0.08%+0.02% 0.07%+0.01% 2.64 0.36 Feipm
A= 0.17%+0.03% 0.15%+0.03% 3.24 0.52 A 4o i m 0.19%+0.0% 0.17%+0.04% 3.59 0.56
vt B 4o = 0.35%+0.06% 0.33%+0.07% 2.28 0.54
& 0.53%+0.08% 0.50%+0.09% 2.33 0.40 EP et g 0.14%+0.02% 0.13%+0.03% 2.53  0.35
5w 1.05%+0.12% 1.00%+0.16% 2.20 0.36 & W Ju il ) 0.18%+0.03% 0.17%40.03% 2.28 0.36
et W e i = 0.32%+0.04% 0.30%40.04% 3.14 0.36
P = T SR 1.63%40.18% 1.51%+0.19% 4.10 0.66 )G dm i e 0.25%+0.03% 0.24%40.03% 2.16  0.40
% B P = A 1.70%4+0.17% 1.57%+0.19% 4.51 0.71 Xk A 0.52%+0.05% 0.50%+0.07% 2.19 0.32
P e A AR 3.34%+0.32% 3.08%40.32% 4.86 0.74 £ o i m g 0.20%+0.03% 0.19%+0.03% 3.21 0.53
k3 0.40%+0.07% 0.37%+0.08% 2.32 0.37 VR A3 0.23%+0.03% 0.21%+0.04% 3.06 0.57
A& 3 0.34%+0.04% 0.31%=40.05% 3.61 0.55 Jo i By bk 0.43%+0.05% 0.39%40.06% 3.59 0.55

A AR A S AR L AR I 2 M AR AR A AR R AL,

D/ SN RIS P S BTSN L T RN S e R

T 23 i DX B o o Al R BR B 22 S 3 A BRI R R L

(P<C0.05) ; Ho & 10 45 749 1 A o AL AR FR B 22 S o & i
27 X (P>0.05),
3o TN A SR 20 A I HE AR AR BRI L 8K
BBy NI BT 0 = e R TR K BT

£ /) N TE T T N S i G D R U P
A MIBRAEAL R AR 14 22 53 29 S 3 2 7 L (P<C0. 05)
G 25 4 (oA R R X0 199 A o Ak AR B AE 22 A
Z ) 22 S oG 7 L (P>0. 05) . R ILER 3.
Ao AN TR AR U 2L Rl PN 45 65 R o o AR AR FRUY 22 S
X4 A % LI P9 2% 45 4 B A o A R B E AT L

k3 FRAABEANLENZANFEMER AR

i 45 J A 2 t 18 % pAR P14
B ET &R

VRIS A 0.24%40.04% 0.23%40.04% 2.14 0.26  <<0.05

%8 0.14%40.03% 0.12%40.03% 3.87 0.46  <<0.05

=g 0.29% =40.04% 0.31%+0.05% —4.00 0.43  <<0.05
P ) 3 et

Y& 0.11%40.02% 0.12%40.02% —4.04 0.52  <<0.05

HA A 0.15% 40.04% 0.18% 40.03% —7.56 0.78  <<0.05
S ) et

b 0.87%+0.12% 0.99% +0.12% —8.14 0.84  <<0.05

B = R 0.16% 40.04% 0.18% +0.03% —4.74 0.51 <<0.05
Moot Az et 0.24%40.04% 0.28%40.04% —7.45 0.77  <<0.05
et

LS Tl 0.93%+0.11% 0.88% 40.09% 4. 34 0.51 <<0.05

wEw 1.79%+0.21% 1.66% +0.18% 5.59 0.61  <<0.05

M 0.13%40.03% 0.12%40.03% 2.85 0.30  <<0.05

IE 47 vt M) 3R 0.64%40.08% 0.56% +0.08% 7.03 0.73  <<0.05

23 0.39%40.08% 0.33%40.05% 8.09 0.87 <C0.05
Tt

W+ ok G ® 0.73%40.08% 0.68% +0.07% 4.79 0.52  <C0.05

% by 0.95%40.12% 0.86%+0.10% 7.13 0.77 <<0.05
o i

e 0.13%40.03% 0.18% 40.03% 13.04 1.40  <<0.05

J& Fa i ®| 0.25%40.03% 0.26%40.04% —3.65 0.39 <<0.05

Fo 3wk 0.19% 40.03% 0.22%40.03% —5.64 0.73 <<0.05
Bt 0.52%40.05% 0.54%40.05% —4.48 0.56  <C0.05
A J & 0.49% 40.21% 0.44%4+0.17% 2.17 0.25 <<0.05




TR 52k 2023 4E 12 H % 38 #:45 12 ] Radiol Practice, Dec 2023, Vol 38,No. 12

1517

B 22 A GUTT oA R SR X4 5 22 03 A S 4L ) 2
PERRAS R 4. £ A5 D HZEA B ZNIX
F8 o o A AR 19 28 S AT G0 0 S LR (BB 5 T
FoAR 5 A 22 1A 43 iR DX F) A v A PR BR (B A I 35 22

=1
Jt o

Spearman A M 43 BT 25 S R I Vb o Ak 1R
RS AR IS B A2 (r=—0. 49, P<<0. 05) , {7 55 1% . &2
VT 3% [ XU R ] L XU [ L A5 R L A2 A ]
KUER H ] 3R RURR L 22 T /N i BT 2N B i A2
R I ) A o AL MR RS AR RS 3 2 IE A OC (r=0. 42,
0.42.0.59.0.58.0.44.0. 44.0. 47.,0. 51.0. 47.,0. 48
0.48,P #1<20.05),

it

BT 25 2 — B Bk 2% 0 58 80038 1 348, B 1
KH G LR -DIRE I AR AR S L R E A s A
(18 33K o AR AR 2 AR 58 B (H AR Z 17 JU IR 4 1
B IR AT A A I A W e F R O L AR I L
& U RIREE A R 522 W 45k & BB
FHOEES o AW g bl AN T RE S A5 40 B AR (1 g
KRR BE R 9T BHA R W TF RO 1 B 3h i o B4R
SO At R 25 ' 3 N I P 5 485 4 ) A B 02 L O X i
SER (1 24 AR BB E AT AR AL DA 25 B AR 22 S

Wi s 3 A S PR AR 2 R R BREE I R I C R
ARAH G BRE 2 0 N M 5 25 R AR FR A 228 (R %
Z: AN o FE Al BORE, BTz N T RO BE T AL

AT R AN TR RS AR Ak BB 1Y B 3
3 BB AR R T 3G R Bk LR R A R
Ay TR R B i 52 5 (large deformations diffeomorphic
metric mapping, LDDMM) J5 % ¥4 75 5 53 F 1) 5 AR 1
WS 30 E 43 BT A AR B o T T TR 7 ) A
MR MG AR 1% BE B3 (International Consortium for
Brain Mapping, ICBM) #2 H 9 ICBM 152 #8#g , ith 45 Al
H 9 ] A R K 2% AT R 1 i ) R T 3 B A5 A 1 R 4
S I AR T 5 7 5 2 3 3 B R BT
EnE i N R ISR RN G TS A AL PN
FEAR oy BIEE R . JlE O T IR W N n 454 32
IR BRI EAHE T, WT R BB HE T
FI(T, WILFLAIR 45) 8 5) i X 73 » P gt A< #F 50 2% T
Ty W 780 %68 1E 5 i 2H 2L A7 03 %0 100 28 1 53 47 s 72
X A T JOE 235 R £ 5 A 3R AT 2 R 1 43 )RR BRI
. A 2T 2 A MRI s (T, WL T, WIL
FLATR GO X5 ik 5 09 A [8) B¢ B R 1 1 4 0 i A A
H s

AW FEEE R B A8 b B OE #2055

i REMEREIANERAZAAEEZRNMALEHO AT ISR

W B R AT EHH 2019 % 7 phdk P A

. Fii #mii P KEPH A5BAAL5CHAAL5DAB5CHABS5DACS5DA
-3Vt 61.98 0.66 <C0.05 <<0.05 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
A 5 R 50.87 0.59 <C0.05 <<0.05 0. 00 0. 00 0. 00 0.01 0. 00 0. 00
s a R 4,14  0.17 <€0.05 <<0.05 0.17 0.01 0. 00 0.19 0.08 0.66
B ET R

V%A 9.61 0.26 <C0.05 <C0.05 0.09 0.79 0. 00 0.05 0.01 0. 00

Vol 10.63  0.27 <C0.05 <C0.05 0.18 0.42 0. 00 0.59 0.00 0. 00

ko E 4,32 0.17 <C0.05 <C0.05 0. 00 0.15 0. 00 0.11 0.89 0.13
P A R vt

* AR 6.67 0.22 <C0.05 <C0.05 0.04 0.08 0.00 0.77 0.02 0.01

EifDL e 11.48 0.28 <C0.05 <<0.05 0.99 0.01 0. 00 0.01 0. 00 0.02
S A #

A Ew 10.20  0.27 <C0.05 <C0.05 0.08 0.02 0. 00 0. 50 0. 00 0. 00

ERTE 4.83 0.18 <C0.05 0.01 0.49 0.03 0. 00 0. 14 0.01 0.23

EHT W 7.01  0.22 <C0.05 <C0.05 0.03 0.02 0. 00 0.75 0.02 0.04
% Bt 5.77 0.20 <C0.05 <C0.05 0.48 0. 44 0.00 0.94 0. 00 0.00
Aot

AR LW 11.34 0.28 <C0.05 <C0.05 0. 00 0.00 0. 00 0.01 0.02 0. 60

& e 12.49  0.29 <C0.05 <<0.05 0. 00 0. 00 0. 00 0.01 0.07 0.42

kAR 11.92  0.29 <C0.05 <<0.05 0.83 0.02 0. 00 0.01 0. 00 0.02
T et

A TR ket 9.37 0.26 <C0.05 <<0.05 0.06 0. 00 0. 00 0.13 0. 00 0.12

A& TR TF et 9.29 0.25 <C0.05 <C0.05 0.70 0. 00 0. 00 0.03 0. 00 0.05

+ H AT et 11.80 0.29 <C0.05 <C0.05 0.13 0.02 0. 00 0.44 0.00 0. 00
& )G Je i | 5.65 0.20 <C0.05 <<0.05 0.95 0.01 0. 00 0.01 0.00 0.97
AN i E 6.63 0.21 <C0.05 <<0.05 0.05 0. 00 0. 00 0.32 0.02 0.20
&AM fm = 5.06 0.19 <C0.05 0.01 0.99 0.02 0.00 0.02 0.00 0.51
R 14,87 0.32 <C0.05 <C0.05 0.09 0.01 0. 00 0.23 0. 00 0. 00
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