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Normal development, variants and artifacts in pediatric brain imaging

Mikako Enokizono, Noriko Aida

Department of Radiology, Kanagawa Children’s Medical Center

—{ Abstract

misdiagnosis and prevent mismanagement.

The brain matures in an organized, predetermined pattern at various stages of development.
Neuroimaging allows analysis of many aspects of brain maturation, including development
of sulci, myelination and changes in free water diffusion. However, it is sometimes difficult
to differentiate normal variants from diseases with similar imaging features. This article
illustrates normal development, variants and artifacts in pediatric brain imaging, helping to avoid

Keywords : Neonates, Myelination, Intracranial Cystic Lesions
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X ARE R O IEF A RICBI LT, NI iR
B’J§<ﬁ6ﬂé LDEFEHRELTRBL 2. D
, RANERELD, WHAERE A 5 FH 1
E%ifﬂiﬁ}‘ﬁ%i5’4j‘\/7 T 5.
L7enoT s 2B L 72 L TH AR %
fToTuhkng, WREIMA - BRICOEHN D
Bhrd 5.
FRISH AR VOIS th O Wp I & 13 5t e - 7 fF a2
H$E2 2357720, —DOM. LEHE L.

FER
1. TIERGKTEEE2ET 588
TIEFAG TEESERT DL LT, Bl
L7zEHER—RNIZH S hThwd, Z2hsto
W CTeEEsa R TENPFET 5729, L
TR T.

1) TEF

IEH FRAOTLRFAG TOREF1E, wiE
R OMNFE &GS, REIEESTH
27, FAEOESIIRHIZI 0T 5.

VAR R & AR - B R IS T R S T i
%é%&%kﬂb< LVWERTELIHEENHD
(Fig.1a), Hifii&fhEDL R NK S IZT 2 0%
Ndhb. WENPEGESERTHEBELT, T
Rk 70 T2 F U MBEAENTS20EE L
EhTw3. FHERIKT 1T 27 vl H
AR OEREL 2 bay oI
osmL, MERBLAICWPT 2720, Z
DOHIEDFSZ LB EEE TIidx <, £k
¥ B %Y,

2) AR T, REIK

IR T % & BB AR I T g% T

EfE5%mL (Figib), KEHIZEESET 52,



Fig1 HEROEETER, HSIKTH, KEX

mEAEEYE, H#s5.
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a: T1ERERRETR. TEAMERIEAICOBEERL, BREECRKICHRL
SE5EET 3 (XH). M7 FNTICRbEFrLEETOLEN RS h, &2

PIRICHE S ELEE R B (KFH).

b : T1RBGMALMER. RR TR (RH) &AEIK (KER) @EAIFRECXVEE

SEET5.

ZozfbsBiEE i<, AL -
35, Zhidfimte i3ma 22T, —f
PEICEES L B BEKIEIARTH B, profound
asphyxia EIREIL W Z &N KUITH 5.

2. KBEBREOEBERRE - T2HEBEKSESE
BAER O E M2 Z L <Ky EE S0
728, CTTIHMEMINIEZ /R§ Z &A%, MRI
T TG TS5, T2RMHE TRiES %
AL, JEEEFGIZ T 5 ADCIEIZKA LD &
EWEART (Fig.2). Zh o 3 e & kb

Fig.2

BHARE R OIS IEmEATE LD

MRI

£l 3084 H, H#453.

f&1F 383A.

a:T2MiAR AKAEILE
[BE+*EMEKEL TRVE
= BILD.

b: ADC map. KEXEAEIL5E
[B¥E%FHXE L TADCE
EERY.

alb

BRUCRHRTEDHYD,

P50 U DB T S9TAE 24 KD MRIIC 50 T,
HE O TR FNGME 5, T2# R EE 52 H
MOWENDH D, LIATE diffuse excessive high
signal intensity : DEHSI & L C#5 & h, AE
1R15 & %V IT I AL O AKX AR SRR R T
BawrDiimn I hTnz, LarL, it
13 (RPN TVD L DOD) Mk ER T
BARERTHRTIE AW ERi# SN, cystic
encephalomalacia % punctate white matter lesion
LEEHLTEZLGR TS,
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3. PVL (periventricular leukomalacia) & D& 71
POELKERBEOEREE
Connatal cyst (coarctation of the lateral ventricle,
frontal horn cyst, paraventricular cyst)
Il =5 /i £ %° Monro L & 0 1 5 DEERD X
EAMENC RS B P o R 3R R i E (Fig.3).

Fig.3 connatal cyst
Heavy T2i&sRMETIRRIIGR ZAIBNERTA &
ZIEE U L XL OSMEIC AR EREEE
EHERS B (5RHD).

Fig4 FEfEEERIME
AR, RIEMICERS EMA 2K TH
BOBERR CFEERD, EETHD (KM).
EHEEFICEERE ZEA GV, T2ME5RE
TRIES 2Ry SMHOMEN & V) (KEH),
RMEEEZ 5.

DIRTZREIMLIZ & B2 E 2 5Tz, W
SMERNERIIBEDO L ZAMEIZT I AT
Y, KBRD0T%ICROND & Xh, &%
THI LB L. BB TIHRT 5.

e =5 i A R0 AR &k 0 & )RR, Monro L &
DHTIET 5 EMI ERTEEEZEZ o0
3. LR T #0313 germinolysis (ZBHME L 72 & 0,
EARTHIMICEE L 728 00 2FHIZ S h
%. PVLIZ &K 0 BElOFEICRS5h 5 Y.

4. FGREFSHE
BUF WK 5 i E TOMBET, BRB LV
BN D - 7= 5T - B #5112 &
0 U2 AME T 20 S
1) ERE
PEE A B A BRI, Vo HEI A T X
NCTHEC 2 RIEPEO FREEREME.  WEAR R AR X
D RIGISIAA B FOMAERTFIE HiEs %
WA TR 5 (Figd). EBKENTHAT 5.
2) BRI fE
PE 8 7 35 3 % BRI S R A RS
ZETHEUSHBETIME S ahkicis

Fig.5 FEIMEOEL
%2, RAR. ERIEFIMUICREKGmD
HHEICH T TEREEZEA L VEILZER
3. BB PSRN EARIRINAD & 72 5 158
HETIHMREEEZET 3. REDBBbHDE
EMEDNEEIEZ SN 1.



N3Z RN, MEYMHIZHIL KW,
1 ~2H %A 5B & U Tl
5. IMIEIZERTICH 5720 HEEITA &
W (Figd). SHIEFRIC 2. B2 6 BRI
WAEE D, 2~32HLMIZIEET 25, %
stz LaftekdZerss. #
bR LAEGARBHEBEGS S22 E “HIZA
A5 ENDH B (Figh). UHANER & L TR
SHEBZWIICEDL->TL BT DD 50,
MHRRE A2 K Bl %, EMwE L #E2 Lk
WEIHENIMETH 5.
3) BERE T K
PE S50 R L2 S 2 THZE OME H 50 IR
ANEL, BHEAPEIRO@EMEIC K - Tl
fEe 7 v+ DG, Rk O i IR~ O A
HOWAMEZ D, B THMAET 5.
R LG T v b EBIICZE TR 90 (Fig.ia).
(it 2 A pE N DK 45 % 1T BIE T L A& R
EWIWENDH BT, KRBT S W LY
FTEVWThOBAETERLNS. BEFENE
DA IFEEBIZ T L.
A)EIET - BEEAREN
it 5 7 G ST P W D R S IR 1, RIRRAG
H B\ ERFIRI B S ISR R U 2= R0 T ~ I 52
BOFMMERTMA R ENEZ 2D 5
2, THIEBNICRON S PHREITFZED
ELTHREIN TS EETHIET S I &
&b 3) (Fig.6)?. Z oMy IfiLIE HITEHE T4 A3
<, LB OEE TERESHLER O IENR & £ 5 Z
L Zun, 18]I cystic appearance & &9
%. 10,000 4K dH 72 0 5.9 NOHE THRAET
% . “spontaneous superficial parenchymal and
leptomeningeal hemorrhage” X “spontaneous
intracranial hematoma” 7 & & FEIE 5 5, H
AFEDERN WO 1T a0,
fEE
1. Terminal zone
— A% D BE T B A A S BEAR A, T
2 HHEMIAN TS 5. ABEOBERLIE T8
BcomEEal, T2EFAGE TOREFEFE LT
5D, AECAE S HEIL DT OFEEIC
DNWTIEHKEHEEZBBL T2 E 0, 20
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HER AL 23R PRI e & 3 < 72 8807 (BHTHZE D 5
I EESERL I8 o LA #RAE) 13 “terminal zone” & I
BEhTHD, MBEFERIZIE 408 E THER AR
FERDZ &L HD. I Dterminal zone 1% T2 5
F1G R FLAIRIZ 35 ¢F 5 i =8 = A4 8B 30 5% o 3R
FHEOKROERESE L TRADONLZZ LN DS
(Fig.7). FIT/NRTRONZ 2, HFEHRATE
RohbZERnD 5.

Terminal zone (& I 12 PVL & o §& Bl 5 [ 6 &
55N, EANELTUTO2/RBE TS,
OPVLIRZ I3 MEREL 2 L T % 7Y, terminal

zone (3 T2 58 ARG 515 5 I & 4= 5E D [ 1 il

LB AR TX 5.

@PVLOBGE, HEFEIRD 2 R%5 % i b (i

FREDOZETERHEK T K OIROIEHAL) 2115 .

Fig6 ¥4 ROEERT ~ Rk E ORI AR M

BARBAMR CE TN mEEIR. HEr
R3ELR L. BE2ICEEH V). AEITESRIC
T2HAG TIRIES 2 R 2HHOERT
MmiE %539 (KEN), ZDET DAFIBEER
RICKEMH»ERD 50 (KFE), SKETMED
FaELELN D, ARBEEMEEARICHH
ImDKZTINDMELZRH 5. FEEHR%
TV, LIBSECRER L.
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2. IN& FEEEDHER (orominent Virchow-Robin
space)

0755 0 PR P 0 i A% ] D D Sl M P o =8 &= iR e o
TAFh2WREELAEDbDEZEOEERS I
TW3., MRITIE Z O ik U 7= i 4% & P e %
IEH T SR PR KM, iz &15R
W, MR EFETERNTHEEE L TR END
(Fig.8). kB TRMDE N A EDENT &
DR TH 5. MR BBl T O SR 20

Lidfpikoziesm L, WRME, ZRMEVTH
ERDENDZD, MEICLHRTILEDORKE
WEDEH B,

Z DR U 7= 1045 T P e | vt 5 0 o5 ML i
DOHNCED 6N B L TN T2, EFEMRIOD
BREEIC X D /NRICR o h AR L
T3, Ak U 7= A% JE PR E o A2 A5 & il 4 o fif
PR OB ME XS TW SR, FEE
DOFREFETIZL~2m/EDFNZ T 4 2 DE§ TR,
5L, 22—V OUEEH MR T & 3

THIENELXIZLTHS (Fig7) 128, Thsb
DIFLAEFRELSHWNBEROLEVEDEE L
TW3,

U A Ui Y 72 10078 JET DR PE 00 JiE 5k % ok 9 &
LT, A3 ZPERERTIECM, Lowe iEMEREZ4 &
NAET B0, Zh s & OERMITEKRT RS
BbhELREN LN LEE 5 5.

NIV OERER

1. TEADERBICLZEIE

TR G S EF R~ 4mni £,
BHH~EFHHIc W TS5 ~6muikaET5Z L
DLW (Fig9). LAaL, —fHUIHLE Y G
mﬁ&%ﬁi‘t/u, 5 «u#ﬁﬂﬁ’g Elﬂ:*ﬁvq i&’l(b?e Fﬁ
BN ERTEEMICEART 220 5Y
(Fig.10). FHZEHEM A 6 2022 TOH
HELPERHERIZ BT, E#iz B e sD
e UTERISEWEART. MisE0 & Sid
10miICETETLZELMm TR,

Fig.7 Terminal zone

2. mAAIKNE=AaEEE
FOAREICENS ERVEEE%E
AL, Whw3terminal zone &£ Z
5h 3 (KH). £/Z2h&ldHI,
BEICHENEEREEESEETS
EIRIIRDIEE P EIR & h (K5E),
MEFEEEEZ SN S.

Fig.8 mERABRMEOHLR
8m'E, MAIEER T aBIC KA BE&
EFESERTEARDBENF H 1),
FBEROMERFEEEEZ 5N 5.



2. 7 &R (TEAPEREE)

T 3 & @ incidentaloma O W Tk & B 23 5
V. EEIERNERIVEVEDEELLN
T 5. BHFEWHGEE & 3 % Rathke M0 ¥
P AR IC P $Ic R sk L, N
MRINICEILEZTER T 2 L D12k 728D, Hhi
PRI, FREKEGEE BREOMIS/IET 5.
T158MEE TEfE S, T2 g CRES 2m
3 (Fig.11) 28, WEMIC K D4 535 422§
3. ERRESRE RS . v, Bk

Fig9 $REOTEHE
3XBER. TEAMENSSIZ4mEER
DEERYT. BEITIRBGRICCESES
ERLTHY, MAIRAILVLELDETE
RELLTWB EEZBNB.

Fig.10 BEHFEHOTERL
14 B, TEFMER LEAICOOFEE
ZRL, 2FEMNICHVWEERT. BIED
S3E7m BREZRTTIHEBAGSES
BIREhTW3,
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L7=0fENL2=0332L8b0, NEMOE
SNENTEILEH B,

AR

1. RRHGER
MRAIZA T 2 # K TEHOWE &, HIK
M I ERER A Z L AE L A E T, MRIBRAEIC
THRBRINE Z EBZ 0. HIREITIZ40%
Iz eons., ARMICA SIS Z Lidd
5L, BEM~FERAMROh2Z 1%

7 hrEfa a
15/ B TEFAMECREDORIC, b
TR TaES (a), T2HEAHRT
BIES (b) 2R S HEEP RO SN B,

TN RIEEREOIMRTHS. E
LDEERNEE TRRR DM o /.

Fig.11
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Fig.12 RR{FER
12mactE. MREBICT2HEAR (a) TRERREFESERTEREEZRDS
ERIBERRIEED H V(D).

JRIK & LT kLT v OB NMA I
#5%%%W%@éﬁaa#%zeh1wa
NS TR ARG TIREREE & D F~ 0 mElE
5T, T2@EH#AG THE~REiE S, FLAIRTIE
EBRESERTZIENAZ W, FICHMaefE> 2 &
bbb, EHIK S % TR E U 72 RARERIE S &
DEMNBBIETH 528, MREERIL M2
Fa B2 i3 < QumBAF), ERHmAIRIEH - T
& L M BA P & 5 72 7 O IE FE RS SRR LR o 34 50
HERPDLINIZRZ 5EETH 5 (Fig.12).

\\I % H“’ ==
1. A RHAORMC HETREHEX

(benign enlargement of subarachnoid spaces)
%2 ~THh HEICIE R < & ETREAHRT
ICHMN DA R S (Fig.13), FAMIZIER L
RERTZENDH B, ZOFRITIS»HEE T
W Zend B, 2K IER IR S Y.
FRICRTSEER P L ERB AT 7, v v 2R/ TH
MOH, EAME TN R NT v ZE R
NTWAHZEDFETH S, FIKE LT, WHE
B FERE LR E O A, < T O REE
DIEIZ L B IR TIEDIKRAE L SN T
3. B OTAFA LK (+2SDAN) O TR
HOT 62T ENLNR, FOBISHES LB
758 D THMEFRIT 0.

IR E TSR < BIETEIL KL LT,
ACTH#ER 2 7 v 4 Pk, WK, HREIH

10

ST 2L REIC L 28D EEND

B R
n, IVETDH 2.

Zh 5 Drule out!

2. BEE IE AR

B BRI 3 X ONOL A e, Es e (b R
W) 23 d 5.

325 W e i 7 o ot 40 400 e =8 o0 RIS 2 AR AE S
BB OBICHFIET 2T d 5 (Fig.13a).
20 B 2 BRI I Tl D, il
W~ BCEM TR AN L0 EET 22, £
DOREPERL 728D TH 5. RFNTIRIFITSE
BlcRoh, WM ERTIES0O% TR &
b, RATRONAZHEIZ2~4%FEETH
2. BHWHHPRERER B NEREL 728 D& )L
JPe & 5% (Fig.13b). Wi & & IChE LR TED
NTWBH, MERO G TIE &, M
B U HIE & O BIR R KM %R OB BEREE &
s Dl chTng?,

o 5 T e (e RIS ) et B0 0D B A =8 1 5 o R
T, MM % K8 & L C Monro fL##% 12 TH
RMAERS, ZAF (T3 OR) OREEIF>IET,
Mt L EIME L OISR I T4b
HHEIAR L FISRAL 28D TH S, X
LI EE ORI, OFMRRESRZN T &,
@MonrofL& D BRTANIHEREL L2 & Th
5. 10 T TIEH30% DHEETH 5N 55,
s e & 124 5.



3. EWRORNICED7—F 777 b

(CSF flow artifact)

B BT DB OB AE 2, o720k
720 (to-and-fro) DIk %K L Tv%. Inversion
pulse & 527 T AR WKEFER S Z 7 4 ZHIZHR
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ALTL %L, FLAIRCTIEERES L LTH®D S
h3 (Fig.14). 72, T2HFHE T3 INEHERD
WD IS >&E AL, B5HME
TT3ZLWHbb. ZDXIBET—FT 77 b
FIEE A O WA D BNERAL THB LR <,

alb

Fig.13 IRHORMC HETRLX, EAPREE - NIVHRE

9rHIE.

R PRISARDRZRD < R TEABILOF, £ENEERNCE

A5Nn%. 2HOERFRORBICKERREFESEETHEI HV), ER

FRREEEZ 5N B (a%kH)).
W3 (bXER).

Fig.14 CSF flow artifact
10 !2. FLAIR CHEHIE ICIERTAEL
KWEESIEHERD . thd sequence
TEE % <, CSF flow artifact & 5.

CHhIFRANEERL, NIVHBEETRLT

Fig.15 &£E7 Y v 7IZ& % artifact
14 KRIEEKAT/RTABRZEOR
BEERTHRIZ L = MRI. ZAIFESBIC S +
RN TICEBEIGEDEANEL T
W3, FLAIR CHEBE X Z/\IXFTRFRME IC
ROTEESEHERDZY, b5 Hith
M sequence TEFE 4 <, artifact TH 3.
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T2 Hod JES B AR R oD Ha ke, ik 40 6 = 0O Monro
FUAE, $3ME, H4MEANTERON S, <
GIET - NI MR 2%, R L L
AN BN, 7—F 7 72 F OEE TR
LFREpiiiciez 3 2 & &, BERMEL AH
MTH 5 &, fliosequence TIFTRM & FEWD i
WZENLXATERETH .

g7, EEI) v TRMORE 5 EDNT
Wiz &0, FLAIRCINEREORE 5 % 1554l
flcEgIs, < W NHIMRDIR A2 24 555
BRDHBZELH->TELS BEINDH 5 (Fig.15).

BHEE

1. QIEEB#AERBOERE

HERI D& (BEARSIERL) IS AZEL L <,
3B TEXNHENB LS, $5~10% Tix&
SOIEIRICR OB L XT3, HEAR
DERNCKHAZED S D554, HEERRO /M
FMRELBZEINBTENH L. CTHRNVE
WO Z 03D 55, W ho sequence 2
BTN oOEERICES 22 T35 2L
AW O IZ % % (Fig16). % < ZIENifED

Fig.16 SFXEBDERZE

alblc

TR, ASEARERIE T 5% () b LU T2585R% (b) TR EDN 25ES£TRT.
CT (c) TASEAFRBOBBEN RO SN, ZEHAELEICEER CEFRLER) »EBOS5N 3.

Fig17 &%=XEpfR
10% 2.

alb

MRA TTER (a) 3 L OMIP (b) (2T, EREERBHEEFIEI D, S 2% L,

MEBIIRICYE T 5 ME 2580 5 (K. HEKREBIRIGIEFMRTHS.
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FEeaEd5Zen%<, IRIIIHITL @M

TEFIE T % K7 . “leave me alone lesion” & L
THRE SN TED, WAERTIE0.
B ED AR
1wmmﬁm%
AT % U 7= Willis B Ik dia 125960 % <, —{]
) Hle(HuibEleAl R, — Lﬁ@ﬁﬂ@%ﬁkﬁm?ﬂ
MkRP1, #2BBINRIE UL IR K v LR R

#RT 5. ZOUEA, RIEEN K 0O M
13 Willis B Ak i % KERE 3 2 th D Bk 2> 5 D L fid
EZIFTC05. k5T, MRATWThhr2DEIR
B AMICRD b aL T, HHITHEE LN
Wr L Cidnid . ok, PLAKRIEZ W LATN
LaE, HRUYAA (fetal type) 430 o #% Kk Bk &
5.

2. SHENIR —HE B RE BRI &

Jia A S BT T O TR B 7 SEBI IR R & #27 D
JE G 75 M I S B IR R & ORI AEAES W4
2%, EFIGRMEFISEK L2 0 IFR. W
Bk — HE BRI & SRS S % 2,
& BUE 23 O O EE =X (/) Bk T, NKE
BIR O A BRI S 2 & 43l U €, B Ak
RREMMEF D IZWET 5 (Figd7). ZOWéE
BARA K ZNFEE, M RKESBIIRISISER T
. SMEESE NI B 0, IR b ov 3
WEEITS 20T, BTN T 5 A& Tl
2o B,

BbHIC

INROTEERER THKRINE < W61 5 IEHZ
BT —F 752 MZOWT, REN G
WAL, MEEir-7-. EWHAERIMzE £
DEDBRIFHEL, ETEETEMBHTE A
WA, HEOHEIZEWLWTHRELWVWE DO HN
WBIEHZROTREMEE VWA S — iR+ 58
HEDOTBZENEENS.
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Artifacts and normal variations in pediatric imaging
— Chest and cardiovascular area—

Yutaka Tanami, Takahiro Hosokawa, Yumiko Sato, Go Shirota, Eiji Oguma

Department of Radiology, Saitama Children's Medical Center

—{ Abstract

Misdiagnosis in pediatric imaging is not an uncommon event. Practical and technical
challenges occur when imaging infants and children, presenting clinicians and research teams
with a unique set of problems. These include procedural difficulties (e.g., participant anxiety or
movement restrictions) , technical obstacles (e.g., availability of child-appropriate equipment) ,
and the challenge of choosing the most appropriate analysis methods for pediatric imaging.
Artifacts are false images, or parts of images, that do not represent true anatomic structures.
Physicians should have a basic understanding of the physical principles of imaging artifacts to
make a correct interpretation of pediatric images. Moreover, if physicians are not familiar with
common normal anatomical variants, they can easily be mistaken for pathology. Here, we first
review some of the most common artifacts encountered in pediatric imaging. Second, we will
summarize and review normal variations of trachea, lung and great vessels.

Keywords : Artifact, Normal variation, Pediatric imaging, Chest, Cardiovascular
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BB k37 —F 7727 L OEBICHREA
AR L EWEAYRH 5. 72, IHRTIE
TR D AFAE R XE O F ik M 26 £ 235, Bk o g
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Wk T B IRNEEDOES T —F 7 7 2 b
IZOWTETHD B, wICEEE, M, KI0E
DIEHEFRIZONTIRNR S,

BEREICHITBZDT7—FT7 77 b

7 —F 7 77 b & dH EORRERL G A
B L2k > TAKRERUANDOEE N4 T
DEHERTH . Nk IR F X E T —
FT7 7o bEFEY, ThoRFHE EMEE 5



H2 D S, WA LA IR TR & B iR
I FICHMXBEE, CT, MRIT® %. D
B L TN BR B RN & 0 BT R A T
bNTHD, WIS ZOMEICHED25E
A e, BIRERERNEAG T 5N
TW5728, ARTI3#IET 5.

1) SR EMXEEER

B WA X ARG B AR, AR OS2
IZEBWTIRPNIZITbI S Z DALV ERET
HBHH, HAYR, FLUT N EE X ARG R
SR RIFREA IO LAD L, e nHT
AEGICHEL 5 25", WE MM X5 E TR
IR ERE & 72 B OISR, (AR iR
DN BT DFE, BUILOME DI Ch o,
KEEEENDT —F 770 N aENDH L. W
KA S h 2B E T, Wi amicsEn
RT3 (Fig.1). £72, OIERE & /R
&0 ELZY, KM TIROMELE AR RT S,

v

Figl 4H %R W®5HMHE, FRMEICLIZEIE
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ZND DR LA & DAk =0 M S & o §i i 23 fE
e BGEND S, H8ME & D & EMIZHE
B 23T 9 % A I I SR E A 5E b h B
2, —HOBHETHREEONELHRT 5 L0
SHEBOGEEA LB L, BIRM ZRER & B X
VBEVBLFHMRAN Y T 7LV A& EMNITHE
Ths. £z, MEREE LOREKD ZVERIE
LW TOMENITbhTnbdZeEF 2y
¢ 5HEMETH D, HFHT 4 L LRIPEEED
B — & TOLIEE T O & 1T 5 &,
DRI ERIRIC K & < Pg &, DR I3
MIZKEL 55, Z2E TR S5
Fo LI E s R, %O B
I e h 5.

B O RN R R O N E 8 & T I
T5. Fla, BEABKDES7Z0, W4
OHDLBHE LD & FIZREIN TS & X
C— AR OKEmE R 5T NTHT FA» 5% 5
EAHANEWT, MR- BE 2255, 8

BAICEZ SN HEROHBEMXREETH ), WHIRREL EICKELEER TN oL KR
T, MFREEISEBENRD LOBSIENI BT 5.
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FIEAig & Eicfg s h, BRI S Shic
H%. &/, WHEGELEL KFIZED, LR
3 ELTRA, 7 70— UEUEL EDOIRE
CHPIL DR TR T 2505 5.
ERALCNDIEIE Rk A WOF (NN QP-F (i3 ] =3 A )
DEMTOERE S EREE 52 2 b 5.
Bl 2 XA RTRHL SR & 25 o 723558 O 4 %13 X
POZMVEZ B L, AthRERE T OMICR I 5.
M FAZTE Lo e W RS o g S BT X # 5 5
THEMR DS & $HH & 72 13 O i v D PR
AR FRTC 2 F AU FREED K Z D I7 N3 ]
il TwdeEioN3.
HOREE T —F 772 PORIKE K3
(Fig.2). BilA X, BARLRHEAMZDOIRRETH — %
TR AT S AT, Xy FEKEE DRI
Fey MEZELUVAALZRETIRELZTS. Hik
RCTIEB PR A D 2 <, 2 OIS
2L D0 - IRETHIRE 21795 LRO 7 —
FI7IPELTROONDIGERH 5. A

Fig2 REPENEL EHIOMEE N ML X S5

BUIEEILKYT—FT7IMERD.

a:8H ZRR KEEICLZT7—-FT777h
Z20EILBZT—FT7U b

b:12m% %R
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DD XE X R MAE R, BRI, O,
Wiz & & BRSO 4t £ THET T,
T—FT7 7o b ERBITETD S,

DI DNFEL, PRI & - THERR, AT
FOIRD K E XIZENHN O, FIAERTIEZO
ZPNhEn, FMAEROMEBRMEEROZN S O
M EBEIC B A RIS, Bl AR, Atk 24 R &
TDRERIEEE L, A4 HENZ IEHHPE & 24 5
2, ZAUTEPRIRE R IIEIT T A AL TH .
O D Bl o aldzic & - T & ORI LT
5. DO BfliE SR W 2> 5 59 45 FE T
BH, BN TIZZOfMERAKEL LD,
BB TOEESREL &Y, MEgETiIhE<
7%, RGO R TIEI RR W 22 5 O
BN L 50, IR TIIOMENNEL &
5. DM D rotation {2 &k 2 LFERDZEALITEFE D
DHED LK %A U % e R DR 2 £ D
fgETch<BH 6N 5.




2)CT
CTTO7—F7 727 FOKIKE L TIZWET
AEE, BEERE, 2 F v - —HEREO XIS
T5L0, ERRIZE3EDIKIE NS, N
IR TR HEEMEE 2501, BxICk
57 —FT7 72 ThB. IR, FHZIHRT
OB E L, RN IRFE & R 25 5 3D
7 < e SRR OEXFEBCT2 M & LT & 722,
Jili 85 D AR FEFHIZIA <, WEIRIE B O K #E X & & >
T, RAD XS IZEIE® U 7=k 7E <08 X [F] 1
W AT 2 2EFNERE S h 5. DEXFEMCT
DG & U Cd et B IR 4G 25 0 TR 2 & f
BIRER L,

3) MRI

MRLIE#1E < 23 W F R A A v 20k
ETEL IV b7 A MAMRRENE VR, FHOE
Wi AR TH I HELELL DAY v bEAR
LTWa 5, @7 E S 2 i TiEMDCT
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BEN 7L WTRE & A 3 % H 2 &5 MRI O s A R
EENTWIOPBIRTH D, 7 7 u—URIE
D% O EHERE ST A 134 35 AR A 25 K] 3 75 5
WO—>2THD, MRICKZEHEELZ -7 v b
L5 TWS, BEIIZIEMRIOT —F 7 7 2
M EHNE & 7z R 0 AR O G 3 fE
IR 5.

VU TTIREB/IC LT —F 7 72 b
B 55580 % 0 (Fig.3). MRICHEALE
BEEIHENEFES, RNEE, ki eEIC
mrehd. TON, KNETEE, KNESE
2B U CIMRIEIR 12 & O A FEITRTICF = v 2
BiIrbhTE0, flZERENI =2 -5
MRS v v b DS Tk ETEEH» B DB
RCRBEOFEL DL EBEVIZEE DL T,
REBET—F T 72 VOFERELEDEDND 5.
F72, KN EGREOF v 7 3BHHEZ T -EBH
KFEIZEDITbINE5AE8%L, e LTHE
Linb.

Figd 1% BR @#4L£EICLBMRID
T—FT79 b
EflieBEFERALAEARENZ 21—
LEXBLEWIREET XA Y MEER
PBREZINAEMRITHD. RIDEK
OB S THYMAIRIRM D ZE
[fTE, REEFIEE LAY, A
POENEBERTIIEEEZFERL TV
bDTHDEWRHHIET, TFERIE
HbREHZ 21— LICDVWTHDEE
BRAEZ T TWhEDL o, ZDEHIS,
T—F777 NBEPEHDOEERE
MOTFEERTGEDN H .
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ERZER

1) B iR
Mgl 1328 FRFICIE 10~ 15gDEENH D,

A2 E ISR IC R, FoRE®R6NH

FTIZ20~25g ST 5. Dk & B RRAR K

OEHNIEETH 57, e L TRIBXFGED

ATREMHEOHE I ARG ERH D, ®E

WRESHAHTH 5. ZHdHER T REIR,

BIARD & &AWL, & SIS0 H BV d0kE

WARPIIREHICEL 2 ERL N0 TH 5.

i &8 X #R1% T D M i b2 5 O T RERY RFEIZ D

TUTIZiN % (Fig.d).

A) M IERIZ T 6 T, iz k -
&2 L MAEBRPERERT DT D
% (thymic wave sign) .

B) i ix I R CHE R IR LB T H 5. 6
I MCEEL D kXL, L% E
KT 2HEDH 22, TR THDHLY S
sail sign# 255 HNH 5.

C) IERL TV B2 IZ/R A B DB & %
NBEE, ZOBREN Lt » 5t L T,
sail signZs EQOW S » it ALK & &, D

ZHO T TR OIROBEAR TBER M A R
HoNnsHEND 5.

Fig4 IEEHER
a:198 EBBR Thymic wave sign
BRI EICL > TEEBIh, BAFZFEIEREEL TW5.

b:4»H HBIR Sail sign
AETRIZBARE Tsail sighn# 2L T3,
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D) i i kELR L i HE B 2 o5 8D 2 28,
fifa &2 Z Lidmn,
mﬁwﬁwi%®8®tﬁ'%#%ﬁf,@

ICHZ > CIEFOMILEELARD 651 5. K

%% L DERDER L L TR ORI

AWML Tz, IS Tl Oy

%0 WAL T 2 AT 5N b,
CT, MRI I, MgffidFgzlzeaL, N

Yy — kg OBz L LT oh s, /b

WM Th 2 HA L. EHOM

BRI, KA, KIAE ZEEE$, &L A1

DIEEIZADETENT 5.

SOV % 75N

ik EIC i L TR, LiFL
zi@m#uﬁ ZRGL TR SR, KED
buckling & MEIE N 5. Fili RIS PR 3 5
Bz, [E T WA EN AT 3
THLELZLNTED, 5IAFTOAIDN
TIRIEHE R Th 5. I 1K TIX68%,

1~2i%TIE50%, 2~3mTld25%, 3~4/&%T
1215%, 4L TIR6% EMExhTns?.
EH TR RGO EOHE R Z <, #%
75 B O FEN D i 1305 720 & i,
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I. '.:'I.Ill"{""" 1 I
Figs SEDMXERE
a:17m wR [EREX
[ELS LEICEEAIRTIREIIRBOSNS.
b:4H %2 Bridging bronchus
ATELTENTEXIRAEETEZTORA,» S AL, HREZEYH L TAEAICED .

[EXEXOEFRERIIFEL L THERET
57 (Fig.5). /visuid, K (MiseE DK
BEMNES), PASH (K& &M T 5 2, Kiglt
FE &RRSRE SIS 5), #ME (B ED
B2 o) | 7l 55 (O34 2 Rl 025
AHHN i (EH &35 2 % 4l F%,  Scimitar
REMETE 7 & ORRIER & OANA L), M
FHC S5, a0 X BB E R iR T X
BOHERTE R WIGAITIIRERE 25, ]
R TR T 2 FENEHEETH 5. JEXLER,
KB FRA, CTHARIC &b Kigkk 2 & i [X I8
B XL D1 ~12% B ICIEHZ RSB SN
T35, £ < OBG, BiIR LIFREIC L S .

K[EXE XL, EBEOXEREXIXED S
WIETERE TS 6 EEICE RIS 5 5% LD
IERERNTH 5. milEd 2 DIXERE LK,
Xikhy, WXz EML B2 -V b 5.
PRFE D UG SUE S XA SRS 77l 2~ 6.em
DN S T 28 DE chs. FrZhA L
WG XKD, [E»SEHENIET S 5247
I3 pig bronchus & FFIFh 5. HANZZ WA, K
M 2 EWHIZ 3T 558855, 20T
U JHERE IR T R 2 W R LIS AR FE R X B A,
RHCE D BETHEDOREK E 5D 5 5.

Bridging bronchus 1345 1 HE & FIED XE X DO
BOTIERETH B, AhEELE PEOSE T TR
BXOWNMA S oL, MERE A 8 D Bk LTl
[f] 7> 9. Bridging bronchus & pulmonary artery
sling D80% IZANFL, XEHRELDOEIFEHISGN
TWn5.

Accessory cardiac bronchus I3 5 T 545 2 %
rf RSB S & NN G330 % 8 R XU ST
DE T AN I 2 > CEFTT 5 1~ 5 emFE ) O it
Th B, IEHLEK[REMBEROCRE AL, &
BLERXAENS., LWHIERTH S Z &2
LWV, ArefREERGMNS, AT 5E & XA
S B MU SRR e /N ERLRR A A T S
Bt 5. % < ITMERCHERIER Eh 22,
R MEDIEIZ %D 5 5.

3) b

FEMiE 5 A =S 2 hE R EER
2 NEBRRICI DRI Th S, KEERA
B OVNEER R I3 ISR & i WA 1235
AL, TR cHMEE 2%, HERH
IR IEWERN 2L, FEIRE AL EEIE
W%, TEIEMA, ZNERZE E2RIFIZRD
5057 IEWOAHIRIEIEA 2 5 £ 3
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Fig6 4m SR &FFERE
TEARIC L V) X)X % FREIRE, TFEIROETICH > (RO S W3 ERREFHMRER
EREAR.

Fig7 18m% S8

AHEHETEREREE 3 Edwards DEEREKENR T IS AREER EAHEHETH

ROBICHHZEL-HDT, RERSEDEFEETRHZL. KERSH

5AHMIEEEINR. AHSEER, AHS TR, AHEESTEHROIECHIET 3.

a: Bfl» 5E%R | 7= volume rendering image
BRFELTHEIALTWAIREOEUEAHEHETHRIETL TWVS.

b~d: BRI OEH, 5 KEIRSEB L NIV TOHCT Kk
FHEETHRIBEDEFEEY, AlNELD. D=0, BEEEIC
ER&GZHS. ZOEFTRELREREZRDBDONS.
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Normal variants, pseudolesions,
and artifacts in diagnostic abdominal imaging

Mikiko Miyasaka

Department of Radiology, National Center for Child Health and Development

—{ Abstract

Abdominal radiological imaging plays a crucial role in the appropriate management of
pediatric patients with abdominal pathologies. Radiological diagnostic modalities include plain
abdominal X-ray, ultrasound, CT, fluoroscopy, and MRI. These are useful and commonly used
imaging methods in the assessment of pediatric patients. On the other hand, the investigations
have to be performed considering the developmental changes of children, anatomical variations,
and the artifacts in the respective imaging modalities. Therefore, we should be aware of these
normal variations and artifacts to avoid unnecessary surgical interventions and the increasing
load of additional radiological investigations in the present era. In this article, we will describe
various anatomical variations, artifacts, and pseudolesions in the abdomen.

Keywords : Normal variations, Twinkling artifact, Vein of Sappey, Counter-clockwise whirlpool

EU®IC

AN R RS 5 5 g 2 Wk A, I
WX SR, M &2 hoaociifr L, 4
BB U T, EHMA, CT, MRIZERES NS,
N, ERMFETE D, IERAEICEIE
LIZK 2R E £ <, IIAORIIZERS Z2&8
LIFLIEd 5. IEHER, Szl
T —=F T 70 FRBHEREITHEL T3
Zlid, ARELRELAET 5720108 NEk
ZEThBH. ARTiE, HEIBEETRSNDIE
WER 7—-F7 72 b, BREEICOWT—H
I T 5.
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ERTR
1)k BRI EEA%AR (SMV : superior mesenteric vein)

D REFET A O ElEE (SMV D counter-clock-

wise whirlpool)

Whirlpool sign i&, Fisher 512X ->TIZU®HT
WA & h 7z CTIr R Thd b, LB
Bl Ik (SMA: superior mesenteric artery) % H1 (>
IZSMV & & /N2 R L T3 T AR L
Tw3 Y (Fig.1). e oSBT v
T, KUAERTHS. 22T, FRETNEN
i, B OB, BlEST RS EEE AT
» % (clockwise whirlpool sign) £\25 Z & T&h
29 —J, EHEHIOZL (K164%) 1%, SMV i,
SMADOEMNZIE L, ZD%, MixdsZ &k



EMHIANEEFTT 25, $936% TSMV 23SMA %
TS R IEE T AN Bl B A A R 5 h 5 2
(Fig.2). Z#ud, WERIZERGL ~NIOLDSMV A, I
& 755 SMV & A3 2 Bl HEER KBk & SMA &
DO CHEEET 2720 Th 2%, BHEfERE D3
Wiz, SMA & SMV DA B R IE KU 2 i 7 T &
2%, WA S EEBUETH 5.

. @
- ‘h

Fig.1 hiGEis 5% E,

NEHDIEED /- HER CT ME1T
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2) BB & SKKBEBOAE

Bt KOCREOFEAEL, KL eHEuz iz
A O B o BOd I & 0 Bt 5 2 5
RENHEETH 5. HER, HEZTICELOX
v 5 hfi & 5 R < MVAFIERRE & 7 5. 5IE i,
AT AR £ 51200 T, BN TFRL, &
THEERICAIE T 2 K912k 5. NIE, AL R
0 RIS KITRETH O, Gl &
D < WHNCAZE LT3 Z Eh %0 (&)

alblc

a: LIEEEENAR (SMA) DIEREB L ~NIVIC T, LREMEEEEAR (SMV &HD) I, SMADZAE

HIAICAIE L TL3.

b:XPRADLANILTIE, SMVIE, SMADERIZAEL TW3.
c: E5ICEAITIE, SMAZH/DICEETABICSMV P ETL TWA. ZORIEICH
RULBEEZRDS. ZTOR%, FilirwiTsh, 270ERETH > .

Fig.2 SMA & SMV DOBFEt HRD ElEx
a:SMAIE, SMVOLERICAEL T3, FEEFAEIARE SMV ICEEh
3 & ICHZIRBKTFRIAEEL TV 5.
b:SMVIE, SMADOABRICHEL DB, SMADES & RIFETAMEIC
EELTW3. ERERTHD. BRICBOIAROVEDTHS.
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(Fig.3). Zhix, EHOBEESRREEE -ILE
HELTWB720HEEZ26hTW5, HERET,
SN AMERIZAE L T 2054, Rl
EBWT 2D RHEEN TR W20, BEICEL
T, ML EHETY 2N RTH B Y.
AT EEDH 5 55HiE, 15%IFED
HETRD OB L ENB.

BN - IS EMX EE T, Y
ZNIEARHETH B Z ENEL, KiGE/NGE
DX BNEEE L, SIS, @&, AN
LTWah, #rER - IR TR, 4G FEE2» S M
FE SR 1 9 B MR AN i (3948 %) & DA
B, BEAZEDHBBEELNZ L2 DB,
(Fig.4)

Fig3 Sfislk
S#%IBOFHER, BEXEBZOERD H
W, FEEfTo
ALEESMICEBIMEL TW3. FMEIIC
B L TWADIE, HE(KH) TH3B.

Fig.4 SHRiEHBOME alb
a: RAEEOBEDOIT-o LEBRE SKERIE, EhrS5ETEMICHEL TV3.
b: BEBOEERDIE SKEBE, ARAEICAZ CETLTVWS (K.



E.ug:-'ur""

Fig.c HREDME (3CHL20 Gray's anatomy L)
— A E)
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REDME

WA, MERLDBEZ 2 FHTOEBHDH%
W& 0 i3 2 EHERE T 5. FH9emlF
EDRET, HEOEIML TH5Y. Hh
%38 (retrocecal) % 7213 A58 (64 %), “EHRHE
(32%), EMmFEB(2%), % ofth, 15w HlEs
F 721350 (14%) 75 & Tdh 5 % (Fig.5). HAWLH,
BN TE, ERIPEICAE T A S A E D & O
EhdH 59, McBurney DRI REL 555
BRITROVOEDTHBH, REOMENZE(IZ
Ry, JEMAI R REIR A2 29 5618 Dk < .
HMEWE 2L CT A L omiBizimeo LT,
FEBAN) 22 R J D WIRENE & & VIS, A H
FEDNE %M T 5 Z & A KUTH B (Fig).

Fig.6 HREDOME
a: BB HBEEBORESE
DEMICEKRL REZFD
B3 (KH). KIKE&ET
i, BACETTLTVWA (K
En.
b: BERE BBERJICE
AU 7zRE (KH) 2580 5.
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4) Chilaiditi's sign

Chilaiditi's sign 1, HHMXBEEETRAD 3 H
FERR IS N DI 7 2 A% T, HFR & BRI & o R
NG E 72 ERIG A AR NIEL T BIRETH
% (Fig.7). AMERRIE T oo R e N2 it 7 2 1% <0 hk
BN =7 25 E QO EFEFT R & O &4 5.
Chilaiditi's sign D¥%8&, /YU 2 & T DEEOFAE
MWD EDTE xR D, BATRE W £ 72 138
R O RIBRUER & & OREFAE R, A%
hE, FRERREIES L EAFIKNE 2 hb. LT
2B Ay, R B SE R0 kg s 3 2 iz
HALTWAREHICR LN AHAR DS L SN D,
Chilaiditi's sign % 728 5 K I 12 M5 R0 IR i 2,
AL ME I 22 & DREIR2ME S 461, Chilaiditi's
syndrome & Fi & 11, iRESME L k5. HEIL,
Ny N RRE, WD, HE R EICk 3 WER
ETHD, PAZERRIRE M- 2255 3/ R AL E
DL 75 500,

5 MERDFEELME

JEY D18 LRI, BHA2 S DIV E Vil
DT, LRI L TH A TR E0, #H
AR TENL, EIROBET, Rlitfi3 7534

mThb. NEOFHII-BERATELI LS
W (Fig.8). #iEW LI, RHA»SDERLE Y
DI E EBIZ, TEDOYA T HEL IS,
AIIE & RIS & 22 % 1 (Fig.9)

PR, HRUAIC BIEE A & i BRIPE NI R
U, IO B fiiE 4 5. INHEOIEREID, ke
ThdH, MPEOHELZETLILERnL 0. K
TR, FicKkoTELT S48, 1EE TOF
i3l Toh 5. EHEMATOINEIE, JHiEINN &
Wbh 3O/ NERREETh TS, Iy
A ZOYE, 6~TmE& TR TWBH. HER
T, ImEHEZ B KZXOINARDBEZ M
b5, I, REBIOBHA? SO RILE VIl
ISHEL T B MY F e RN BHMA A B D
R VRIBABEICZ T 5 Z 810k > THRE
I ZERD 5 Z End 5. BREMEIIIE, R

TR F 72 3 A B OBSF IR A TR
HKAEXND., 4emll F T, 3~42HDS BT,
FRBIHT 5 Z 020, 4% i 5 L IHHE
DY) 22 BEL KD 120, SFRHIALE & Z &
FTEZMERD D, ZTD, HEHRTOR AL
BRYUITH 5. FEREVEIN R e Jad, M
MO I — D3RR TH 5. Daughter

Fig.7 Chilaiditi's sign

FEE, RREEDHZ5KER, EEIK

a  JEEMXRER B RCBE A X %58
3. AFERRIE TIZH H &N H 5 25 (5RED),
NGXNZEBDNBREE N, H), EIEANLE
Bt A X T34 <, Chilaiditi's sign& 5217 L 7=

b:EEESCT HRIEICBEN AVIAAT
W3 (&ED).



cyst sign i, JWYEIEIFHA AT R CTH 0, &
WricHHTH 5. Rilng Mg e 20E>5 &%
JENEORE D L5, [@sE, 779 2, FEaRED
MRS, EEDFIK LA & 2380 505 ™ (Fig.10)

Fig.8 MERBOFE LINE
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FEEOKE SRRE, NHOMRABES 51
%, 5~9MHz D Efil 1% w5 Z & B RYIT,
MEZF S UC, 10~ 12MHz O & JE kel 1 %
V% & &0 FEll sl A TRE T d % 12

FEERR 7 1) — = > J Ti1 > I E R D BRI DBE K

a: BRERME BROBRICFEZ2R05. FEOWRIEEKRTH 2P, ABNEII— (X
AR TE, FEHBEMEBELADS5N 3.

b:EEERME FEOEERICI0MmADERENEZRHS. FEHLUHRE, BEL2LD

RIVELDEETEKRL TW3.

Fig.9 #EHOFELIE 3FLR
a: BRERME ERFSORMETHZ (KH). F213, BERROMEEZEL TL5.
FEREOSI I3 REEETH .

b: BER#ME AERINETHZ (KH). AMEPEII-DEREZRD 3.

27



28 HAVNBO oA 2 MR

Fig.10 Dpsizsfs
BAIRHER L IERE S N QW =B BEEREDERNI T H .
a: A TIEEpENHS: HAERDEISBEEEE T, ATEDSRIC, WlRMEEZ+R05. T
BEL, BO—3E, ST a—%7R0 T3 (KH)
b : A TVESRERNG A TEISENG |RACT T X%E3
- -NBEEEEEbh, RITHADIIEREGRREEZ SN

—F 775 b

1) Twinkling artifact
Twmkhng artifacti, # 5 — F 75T, Ak
TSRO EI Ay b TANIRDT —F T 72
FT%%.EV“%%E&&®I<,%%%,T
PR EMIINT 2% O TH 5. BEALD
ZWHCiE, HMCTAEHTH 528, X 2%
Y5 &, NEBW USSR RN &
B, NI7—F7TI72H\VBZLIZL->T,BE—
FelbL TR R ET 22 EnMoh, &
Wragid, EJE79~97%, HFEE91~100%, IE
MERE92% L WM& ST b, JHADHHKIZS
# L /s % acoustic shadowd, FAEATE R 6N
B2ZENBBM, smll EThRVEEH LAWY, A
5—F7I M5 &, 5mldl FO/NMIKLE#Z
WCx 208559, 60~T70cm/sDEVEED
WU RIS L % A 54, twinkling
artifact & ik L %4 < % % ' (Fig.11).

2) BERRETRODEMBXBIROT —F7 7

2 b (Fig.12)
5 T S 0 R D 2 Wl S8 T 0D S A Bl A A e

28

, REMKEZL WS, Hill%

12, Mk LS ARSI —OEM»TFET S5
ZENDHB. Zhud, LIEEEENT & EER R ER
LORBTHRI 24 -2 Y 20#I2X 5 LG
EENIRILEE D By ) e BB DT —FT7 7 & b
Thd. T2 EEHEEER, EEBARBRE —
BRI S AICRRISEEL 6N TW5. 4t
R KEIRISIEWERF 22 & OPER A STHIZ I W 2 M
BEEITH>TWAGE, 2057 —-F7 72 b
# ke B RREE e R A vREM A b 5. H T —
K75 OFH, Bl O g &2 & & TR L
T—=F7 7 b EOENEFS T,

BIRE

1) B PHEEROERICEL 2 —BMDORBRE
JEERERZCT T, IS L NILIZRES 5
F5, 61Xk, 7213, BERRIEE FISfE$ 57,
8 DX S L 2058 AN S 7 (B 2 78 2 4L %
W2 ENH 5 (Fig1d). i, EHECTIE, W
KUCK B EIEDD S BT 5. BkMH, Pk
m,#wmanotzmH%@ AT, RIS &
D%%*ﬁ%kuthMﬁ?FEﬁéhézt
12X T, W OREIC BIR & PIIRD S5 A DA
VWENRZ Z720LFEZ6N TS, 213, B
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Fig.11 Twinkling artifact
7TRBER, MRBEED/-HICEEKEER
ABOE#HG ABOLBETHBICEII—DIEE %85 % (a KH).
HZ7—-K7Z () Tk, BII-OFBENC—EL TEAICZEI< twinkling artifact
R0, BATHDIZENAETH 3.

F Fig.12

iy BEERKEROT—F 7 79

‘Bﬁ%ﬁ,ﬁﬁﬂﬁwﬁﬂﬁﬁ

WT, IEEREBE IR E T

a: [EEBAEIRL NIV DRSS
SMVDOAIFETICHEWNT,
SII-%2RTIBEMHIROH
5N (KEN), BEEBAEIARIC M
BhEEHN /-

b: #5—K73
HI— K75 TI1E, Mz
—ICEROO5N, T—FTF77
FeBbhr

c ! &2 CT MPR &1kl
[RBE DB CiThh /-
EEDEFCTTCHD. B
FTEHDNILANIIC, BRES
RIEBIEEDEN. T—FT7
JhTHBZENHBRL /-
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MR~MIRA TR 50, EFIRAE IR, L <)L A
B 72ANT, WA E 5 Z &, R
75 T DM AE &P A AR L e B Y

O FEEOBRIRERIC L 2HBRE S0
FFEE, B2, BB & IR & 0 s & h

Fig.13 MIBEOEHIC K 2 OBRE
FhEDETOFEEDERIIRIE, D
RIS LT, BRI T SH B (KED).

Fig.15 Sappey D &&= 7B
EREED/-DICT- &R CTTH 3.
FEERAIX IOESSIROBEVEIESFEEL TWD (K atElifE: bR
B1&R). 7 DAY ERAI A 5 Sappey BRIk DI FFEIEIC L 2R R 2R L /-

30

TWBD, SN DEKIEER R A 5 Dk & D
R SNBSS . 0D, HERKT
b B4, 5K A B A EIRD AL T
H 5. [FREIRO RS & 2258 3 % HH 284 i ik O
TEAEIZ & 5 PRI O 5346 DA A3, focal fatty
spared area AR X L B JHIK & X 5 (Fig.14).

Fig.14 Fatty spared area
SRS IRRINER U, BB 253
H3. BBEORBEICIE, EBHFzELE
WHEI DR 5 h B (KH]). fatty spared
area ThH 3.




ZOfth, MR IZEERE L 22 IFR R FOAEHEN
HIXKIEDBRE LA SN TS, 2O, &
BEn & SRR 2R th U, P A 3E PR X oo Wi i T
FKETIZH AT % inferior veins of Sappey Dk
BT H 5 (Fig.15). W CTO LA F Iy
AF X VETILIITESTRS, IAR{HEND
KSR TH B (W14% DHE). &
CTOMNRMET, RBATFE LD &I E L
TR E N3, Z OO IEDOIZREIZHIE %
RO, WERICIMAERHE 2 IR ISAAEL T b T
ENKUIEFIRTH 5.

BFbWIC

NG BRONIZBE D 6§, B2 lrE i k5 7 —
F7 77 MEZwv., KEBREEMKL THE A k)
IO BV NLOEHEZ I TIE, Kx DA
WEAZETS LT, 7—F 772 b, EWER,
BIRZIZDOWTHEL TWA Z Itk > TARE
GREABT S ZENTES, S0, L
Wi, Z<—#Thb, HRRNALEIZINETD
50, HE, SESEMIZE Tl e, o7
ZENDBFMANEGENTOZEFENTH 5.
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Pediatric skeletal radiology ; Normal variation, growth, and development

Takahiro Hosokawa, Eiji Oguma, Go Shirota,

Yumiko Sato, Yutaka Tanami
Department of Radiology, Saitama Children's Medical Center

—{ Abstract

Mutation in the growth process is seen variously, and anatomic variations may stimulate
disease. Experience and knowledge are often the best resources for successfully identifying
normal variants. We show some normal variants and mention the differential diagnosis in this
chapter. But normal variants vary greatly and all variations cannot be included. Some references,
such as “Borderlands of Normal and Early Pathologic Findings in Skeletal Radiography” and “An
Atlas of Normal Roentgen Variants” , are useful for identifying normal variants. In this section, for
example, spinal malformations such as hemi-vertebra and butterfly vertebra, rib anomalies such
as synostosis, and those of the extremities such as bow-leg, focal fibrocartilagenous dysplasia,
focal periphyseal edema, curly toe and brachymesophalangy of the little finger are included. And
findings of Magnetic Resonance Images about bone marrow conversion at the femur, clivus and
vertebral body are shown.

Keywords : Developmental anomaly, Physiologic, Normal variants

U ®IC

v bORE L, BAEREE 50 om D G KA Hnl e B BMRELRELHZD THRAL TS, B
Aﬁﬁf%hil%cm@%ﬁ i%’gif@l@h & oMk, 88, W, B, A, UL,

CH 5. REOMEC B 5 LRSI BHOIEE TB 5.
n, Eu%f?ﬁﬂ@&%?ﬁééiéif%é. *Eﬁi,

QR IR E DTS, AROHIE X R ¥ %

ToBVBE, R AREORRENOIE KO R, TR LEE AR X RS

HAMX @G E T REHMIcEEh o, M Zoh, ZOSMINC & B IR IR EE A LR L
RN DN B IEHA R 2 IR © 168, HEM & TR GE & X B 2 D O E AT A
NBZEnH5. ARTiE, ST EICX<R ENDZEnbhat s, RESHEDOKEDD IS
SN BMEDMFLIZ I T LR LRIZONT, Sy L, (RETE B Z O LGS I3 HE B
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Sclerotome & W b, MEfK & WG 2K T 5.
MEMIE TER A RS, AR IS E > 24
fatATh D, ZOBEE > -MIERDO
% & DOHMNGEMANZEEI L, HER TR Intervertebral
disk 2K 4 5. 50 0% e & BEo
a4 M A E A U CTHER O 3 T & % 8 3ERHE O
Centrum Z K4 5. D%, HMEERDOHEL
BT B 20 DMEN A & R AT 5. K6
WAL DA B U, 7 RE A O —
UL Primary ossification center 28 T 3.
—&EhoE, HAORIRIZ2DH 52, i
BLTI2ERD, £/, ARSOELEHIZLID
TODORET3IDDO—wE L0 RERMIC
SERT 5. 2O, MAERICIESHEEIE3I OO
RPN THAE L 2B B> T, HESO
O IEEBRE I 2 & B F 0 BEMNZ A A - THEAT
35, WEIPLETHEAT S, M LM
3,5 6EOMICHA T 5. BMEM®RIZS,2IHD
TREALR LSBT B SR, SR
RIS 1T, e & U CHER Bigk e iz
1RO TH 3. ZThoDREDER
ThE A MR 6, IEREREEEBO
S L 7B Y,

MERDTERER & U TR 2 2 O MEA A
FERFRICI ST 201, HEKRD 5 23094 5 13l
HEPRLN, ZThLEHRE L THEEZHEL
Db,

1) HATERE

HERDIZREIRFEIZIE, UTOE D0 s o5,
OF-HER Hemivertebra

HERR MO F b ODREAEIZK S AET
b0, HRDLEADNT DRI L T SHHHE.
HALIEREMTIIIE IS ESEICREL, BHETIE
i oREZR g, IZBEORKE KD,
g7z, FrOMKRGEEGHETSIZ LA N
(Fig.1). HEARIHIVZ KRBT 2DIEENTH 5.

MUZE 3, FREE RIS o h 5.
TERMEN80% & i 5. B H» 5 3 RIE
4 % & @3 Infantile form & MFIEH, BRIZE
<, 70%3aMEH — T EdhE kDb, 405 95
IZFIES % & DI Juvenile form & FEFIEH, FHE
H—=TnbMME RS, 10 RIZRIET 2 & D

34

Sl el

W SR X STER

Al - 5 L

Fig1 10m3BR

Thi2#EEF AP RE L, RAIOHEH
RILTWE. AFA T EEELT
W3,

Fig2 12m%&l2
a: 7RIMEEMXIREE,
b 12 FHERBRE X AR IEE R
SFERINRZDOEMBPIAXIREETIEHT
PERBENROSNEDATHS. S5EDME
ICETLTHN FEBEREOB(KER
SNTVWEWS, HETTSFIEEEN 5.



L
o
alb il

I3 adrescent form & WX H, HaME 7 — 7 24610
LB, miE22E3FEFhhE I TS, Cobbf
20T D DIFEICTHRET LA, 30
EL EOBEREFISE RN : 5267 & LIS
Lk anTng, BEWNE T ENIET DGR
nd 0 (Fig.2), HHEZOMET DB, K
PO IE, Himo R d B H, Risser s JH
DHOGSN TS, MEARE RO T KA H 55T
Mid2Z&FLVYEY, HEEdxoagto
FRETHN§ 5. HAPKT T2 LHEORE
MNET Lz Y94 5. Risser iz, HHEE
DEAL O W Bl O FilH & 72 % Stage 087 L2
<A, THHMUD 02 5 25% 1245 k4
Ronhsd, D2520550%, M5022675%, IV
757 5100%, VEAKIEEEICHEAL TS
KEIZHFonsd, “kMEDOEDIL, HidL 7~
HiRERE\EEICHES 6D, 7/ ¥ &S
DR KEIRAEZERE 2 SIS/ 42 2 0
HDH. TOBERIEMDZ END . DT,
Bk& BRI TAE T, MRTRE, B,
Marfan syndrome, Neurofibromatosis type 1,
Congenital torticollis & & O EB A HT 5 AT
%. Infantaile form CHIZ DFEE BN E DR,
G ONHE A — 7 7 &I 2 (| % WL 7 5 A
1, WTRE & HEHA T IS ERERE R, S L
SIEMRITOMENLEENS.
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Fig.3

a: BB XIEEEERE

b : CTEBiERER
EAD ST RHEICIRTZHEGS
ERDHB. CTEHERTEIRR
WTEIBRERTIEE6, 7
IHEDIRTHEAE DA R 5N 5.

Figd #MAREBEMXRER
8L, M ERICREEP L ERD B .

@WEIEHENR  Butterfly vertebra

H AR B IZ & > THERIETh ClEA A2 %
K9 @ Th 5 (Fig.3). 1E»OMAMREGE, K,
MWLE R EAT A b 5. 7Y —IE
REEETRHOENTVBIIRTH 3.

2) ZREILHD

MetRDREf 3 HEE LT, MEfR LRG0 kA
Lo =fAEos L LTRNS. Gk ik-
T3z 5 v (Fig.d).
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= oA

X EZ2OMMEOFLE R, EEFL
TR ENE. bAx BB, WHsrftEL Tk
D, ZOMOMITEECALEES 2 &2 D FHT
EMoTHMW 2N D, 7, RHEIICEED
KAERL, MEAEFEFRICRKT 228 H 5
(Fig.5).

Figs AHEEMXREEEE G
AHBERICEENRH £, BOHE
HEfEEsIciiEY 5.

Fig6 a: #MEMXFEEELERESK
b: CTHEKER
0mBRE, £ 1, 2B ICHEEI/EHN S,
FEBMICESRIRESNATVAEL.

36

B &

W MO RiE 2 6 BAET 5. RAES
25 QM EILENEL, EHNCERE L TS,
B 1H 6 TR EA Ok < & 0 e
LTW3. $E8IEU T, —2olhgoikg
H B VFEEINE S D O & LTS
MHHE LTS, §11, L2FRRENETH D
MBS LT un, B o KN 120.15
M534%EWMEXNTNBE A, KoM, KE
RMERD FLHIZBE L 72 8 DA %029,

1VMBORERE, BE
3 5 & & LA Synostoses 12, B1, 204
OBz, BRI a2 FEEM 20 (Fig.6) .

2) Intra thoracic rib

ENa&HHTH 22, MWEHNEFD IS,
X D UEMIOMER D & AL 22 ETT 5 S
DTh5(Fig.7).

B &

i & 5 b B 1o R 2
REED M RA S 2. TN IS8T
ZiZoh, ELAR I, EridEmTEile 5
RNz w2 - TEAS L, N, I o,
BEORIRER L 25, MEoahoidii s

Fig7 a: BEEMXKEEREERE

b : BEBEAE X #R 5 EAIE 1%
0B AKTAICKHETAMBEIRO>NS.
AEE TRBEAEZETL VWSO DA S,



Bizgfl Ay o BHZ &2 > THBLT 5. SR
L E QAN GINE R b R

1) BRI K B BRE

i i LA S R v i SRR R AL E LT B,
Z D729, PG TRE DN Z O K
SITHD Zdr. MAEBHLM X MG H & ST 5 B
IR HIE & MR 5 BB D B .

2)BERDOEE

g B A, PREB, SIRZERIG/NRENCIE e h
THIR N5, T & RS EE OB E A 12/
RHSHIC/ o h, Thko RN, hREE%
ERHBEW, RALTALBEATS. MEhe
REB D ST A 3 e KRB EE TR O 1 S
ZEnH D, MEERBOBES S, SRR
B hEMG Pectus carintum TH 5715 29, 72,
i Wi AL A% O L F @ 43 8 1 Down JiE T K&
V4% AN 5" (Figs).

7 B

1) KEEEEOBEDOZEL

KEEEHOERIZEZRAPATHRENS &
kD, FEREKROMFEMD 5 X5 I2kEL
%55V, BLEDO SO IEHZR L LT Meyer
dysplasia 2 %1 5 -1 Ty 5. Meyer dysplasia iZ
FINYR D AT AV S D i AL A% O i Fr Ak & X LE
ThD, 226 3KICA SN, WEIERIIFEDLE
V. @RS BRI BE 1K T E Hypothyroidisim,
Perthes 723 & 5.

)R BERBHENDERE

A IE A OMHINIEA A A LN B DId4
HKT6%, 12K T83% EWMEEIN TS, 4205
8% T22% \ZIERAFMEDIE KA 545 (Fig.9).
MRIE 1A 5 344 <. BY Vv F THIDIAANR
5N %A, MUk Triradiate cartilage & 1 12
LD AR A 7, MRIT2 S Th 4 h
EiEsLns”.

U5

1) OB & X B ®
THEOZEFE LT BT 28013, T
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Fig8 a:MIgREifE X #MEEIFE&
b : BSREHE X IR EAIm&
OXBR DownfERTHY, BB 113,
BEREOBILEI S RBDONSB.

Fig.9 a: BREMEEEMXREE 3100 AR,
b: REEIEEEMXIREE 474 H A
YERERSH COEENRON, TAE%E
HFoTwa. 6»ADETEENIAIZBEILL
&<, ZEBBEIL->TETWVS.
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MEROE TH 5 0MEXMTH 5. O
M ERBE i3 A P IC B L 2 NRETETH 0,
XA R B £ 08 N S A U 72 A IO T
THhHb. NUITIFE P H» 52K T A % THM
MWEOMThD, TOBRXME LD 7THET A
ANDTHET 94 XY M2k b, Mhi w BB E
Bz 50, METHEC 2G5 ERMIMETH 2
Z &, 728 MZEHE (Bone Bridge) #i% 5 Z &
25, ThENS AN EZELR SN, 2T
A FE TR RMEEN G LN L Twa 2, %
DHITIHEL T13 4 5 15 H % ¥ — 7 1T AD
FREISTD <. T R A0 o B X A7 I
{5 & 35 L, Femorotibial angle (FTA) % &1l
T5. E%1K62H2 62K CFTAIZ0E & 4 5.
OO
16 H2» 52K THEMMICOMTSH 5
(Fig.10). L1 ETTHZLIFENTH 5.
FRRICE > TEERIKLILAEITAEE
35, #ET 5%EL L CBlount W2 A 5
NnTky, EHIZMRIZAHEHTH 5. Blount
wid, ARG FRIREORFREETH D,
EDONREE 24T 5. 2BEOLRIZR
S, FIHNC AR OM E F I 5. ZDIEH»,
Ky viiErEe 2 3 Y DRIML 2%, E
MIZMERE, B IERBUE (Schmid BY) &4
ERIPHIER SN Tn5b, e & &1
B4 5 % D& L Tlocal fibrocartilagenous

dysplasia /1 5 T3 10 BAFHRE T A A
S5EEDOMZ v, B X G E THEMIK
B RG> S B A E P R A S
REREAZRD S (Fig11). Ighe & &i1cH
PRICEEMT 2. SHICXMIAE R L ZARERR K
RIS T U 7 & 5 Y.
@X i

XE AR o2 RTH 5.
& B XA B B EEIT R RIERHE - &

Fig.11l a: FRREEHEMXHGEE

b : FTHEMRIT2 545R(& AR KT
1®7HPBLR. BHXEEE CERE
BEED S BHENAIBEERICERE LB
KEXEERD 3.

a:1m11»A, b:2K6H,H, c: 3M2,A, d:3mIOL AR

MEFE1E 11 PADLIE.

38

OMIDPR B 13 Fis DIFBICFH > TREBICHE.



S KOE, Morquio 6, Ellis-va Creveld %5 7«
EThHsD. IhoOBEBIIREEOR KHNE
TThb.

2) FCD (Fibrous cortical defect)

TSR A e ) - AR o B N
FYEIC R S N 2 BHERIR O R AT I Z2 BT & .
Hif X ARG T IS B REAL & 1 S BRI
BEGERET S B UKL TR BT
EMBH BN, WEEILSIPS6E TR FEEL, IE
WIRO0B LI EICR NS, EHIZREIZAH
(b LTl

JBES

OEZB LD L1k

BREFIEE > RELEMETHTHD, K
B8 - THEF AR I T AN T H B,
RZEFIEBUNZ S H L 2 REDERZEF D Z
ETHD, ZORMAIZIZH-EZD EL TN,
EHERO —D & &N, Saupe FHHLHI S
T3, FHMABHERLTH2008 T8 Sl
Mo EE 500 18 (Fig.12), Ml EJ5 515
HE20HMATHY, MHUALZNY,
@ Dorsal defect of the patella

Dorsal defect of the patellaid, 1%IZHAS5h
HIEHARTH 5™, S 7138 i
BTICERGELTRDENS. FMIl LIS

Fig12 CTHEmME &K
BEE BRESSMUL»2BEL TH V) Saupe
PENRCH=S.
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RohdZeng<, HnizgwibzE-Tk
0, FHIMEEDOKRKE X THb. MRITIZERE
IR AR 5 2%, FEELRHRMIA A SN D.

4) BBIHD T2EE (FOPE) ™

R B4 £ MRT G T v R IS WL 5 5 T2 48
B Z &TH0, Wb 3 Focal periphyseal
edema (FOPE) & \wbh 5 (Fig.13). L D FEE
WHO—HE2RTH2OTIE AW, EHEHIX
TWa, HwmHOMMITE S & 5@ o B o
BE»HHMED, HLHMICEZHRD S IEFED
FE\ETH D, ZOMEEH TS & fEX
NTOBH, FHEZ DB R & SN2 HE L,

S)BERICEMEATESZ5N2HD
O4: BRI 5 [ s
K, ERiE A EORSEFICRONS KL
KRR O IS B AR RIS R S A PR
HEDTHD., RALRHMBPEREZEDT1
255 HOERMIZAS NS, EFIZ2mbl T
DEXTHBRITEETHS. REALNED
G, KRR, ERETH B, ERICHEE
RRFIZEREoN S, WHEEANKRTS S
P, 1/22 6 1/3 TIEHMEIC R o5 9. Ik
e & 0 %34 5 & 0 & U TEINRE B A7
D705 X 172 PGEIZ & 3 HIRIEIE A G
HTh o7, ) RBBNCEER, 5 E

Fig13 a:MRIT2 &G IR ER
b : MRIBEREHNE] T2 38R G AR BT
147 Z R FOPE. KRB &M B8 wICT2
PREER CEES i35 3.
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NU10BEIZ L 572 720FEAERENEL
o7z, —J5C, Caffey)s, BEILRE, 197EH
VL FaHisc (CRMO) X SAPHO (synovitis,
acne, pustulosis, hyperostosis and osteitis) Ji
ETE 7 & OISEMERRE, MSMEMZERIC X 5 IE
PR BIEE T L HERENBES D22 LA b 5.
@ H N & 580 %E

BEHAIZE->T, EFOFEETSEEIK
RIEHRH B EIICHRATLES Z D 5.
Jiea 38 A X 5T B i L2 IR R S EE D
h3 ko aEAE, IELOWIEN CHERES
5T L MBELLD.

6) fait
@ Curly toe

BEABEE S 2 ko FICRi L T A DA
¥Tdh 5 (Fig1d). BIROROMEELEZ bh
TWa5, KRINIZAHTH 5. @HEIE3IN55
BHZ 2L, INETELSRENZEDTH S, i

RIZE-T, MOBEEEEHETLI LD 5.
(@ Brachymesophalangy of the little finger

MMEDOKEH EhEiBEORBOR SO
F1:11~13&WMESNh Tk, WLE
SThNEHEIEORELH 5 &M h
%. /IMNMEDZE TS Clinodactyly 1 #HEVE 23 75 0
W, MBI ZOLERICIZEEALN TN
% (Fig.15). 4~ 17 THRD14%, LRD
23% ICRW B LWE X TnE Y,

’E‘ %17~20)

HHRED A EHE A 5w AN DZ AL I Marrow
conversion & 5 b 5. &ML IR
WRETHE D, MEARPHNICITE, MEC”D,
BRI EREA T E A S MR L & 5.
VIR 7 Ot & ReliRE D2 id, 8 - Bk
A ERWA & ko EliE KBEE gD, B
it Epipysis D A @Rl & # @R~ D ZALiE Ik
OB » S 62 HUNICMHE D, 0%

Fig14 ZRHEFMXKEEERK
PRI DEE 4 fE 58 SRE D EARIIC
AVNRAATWS. S D LEMH
DEEIFEBD B
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fr1®57R, g 1X8»A  (BRENH)

Figl6 KBRS, BRESMRITIEHEE a: %250, b: 4B, c:67A, d:9nA, e: 1E2HA,
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4

KERBDFERED SEEEADEIL. AR50 TREHE T ERAEG TRES TCHE Y, Bl &
BER L W ORSBICIEIBREP RSN TV 5. EMBFHIRORERD T1 MR TRES & L THEEFEL T
2D HHB.

Fig.17 MRT1 &5 {&HIERER KB 5

a:E#%2»AH, b:6M»A, c:9MAH, d:12H»A
e . 2m% (R—EfF)

2 AR MHEAIIHREIRICENEES TH 2P, K
BICHFESHLEEFICEIELTWVWS.

‘B W Diaphysis * & & i ¥ii Metaphyses (2 3 20,
ZDW, HEHE L TREETES DI, Kk
W, R OSSR S B, N
D EHENDZEIZ L 5 55K THEEHE, 51
CED, 525610 T5% 1§ % (Fig.16). H i
O HE AL B IS Budic #Edr. G-CSF %
i 5 721D B AW D@ FE TR EREL A U
3. Metk T, A@stis o Igisai 0%k &
» MRIT1 58314 T3, 1% % TIRMERBOZ X
KE5, 126 5mI3%E5, 5rkDIRIHMER
X0 EES L x5 (Figl7). #E TR 2%AI#%

2

Fig.18 T1sEGEIRKTR, FBR

a1 7»B, b:1EOMA, c:12/%, d: 21 1Ak
FEE2RICTEAEG TEESLL THY, &%
L RERHREL 25280 3.

THEWIBEA R 65 & 5124 % (Fig.18). #i5
L —F v OUEFR MR {§ T @I & Eh
THD, WEDEHER, BFEBEOMRE RS
ZUHEELSRH D, EFORZIFICEHATES &
e 5. NENIHEOMATH L, WE DR
FHRES & 5 55, ARl & RZEO#ENIT
BV, AREARIIIENT40%, K40%, FEF120%
THD, EEHREMES, TURHFAG THNAN L %
2o EfES, T2MEE THNESES L #iE X
T3, HENGREZHENT80%, K15%, HEH5%
EWE X h T3, REHEIE MR TR SRERE
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Fig19 a: T15RRGRREIE b : T2MER&REIK
LEES
AnRLERE. RERBEEMICIE, BIRiREE
BICERMRROBEERD S, FEEER
BRUZFRRT5 5.

Physis (258 % 15 Flamed-shape (‘K%ZIR) &
L < 12 Paintbrush appearance (& THh 2 6 h
72 & 95 &HIR), Straight vertical margin 75 £ @
sign A5 T\ 5 (Fig.19). £ 72, /MEHDO#% -
FEBOMMEIBDOZE LIz X 2 REMIILE M6 H
THD, WELHEZ LTV (Fig.20).
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DEHHESIDIF EELL, L, SERwE 7—F77 2
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I-E=
REZESENKE HEHEEFEE

Physiological development and pitfalls on bone scan,
renal scintigraphy and "*I-MIBG scintigraphy

Mayuki Uchiyama
Department of Radiology, The Jikei University School of Medicine

—{ Abstract

A worldwide survey performed by the Nuclear Medicine Global Initiative showed that the
3 most common procedures were bone scans using *"Tc, radionuclide renogram using *"Tc
and renal scarring and differential function imaging using *"Tc DMSA, followed by *I-MIBG
scintigraphy. Pitfalls and pseudodiseases are presented on bone scan, renal scintigraphy
and I-MIBG scintigraphy. On bone scan, physiological development has to be recognized.
Physiological increased accumulation is seen in the growth lines, especially hot spot in the
ischiopubic synchondorosis is recognized in children about 10 years of age and disappears after
1~2 years. Steroid has an effect on the finding of the growth lines. On radionuclide renogram,
water loading must be performed before the examination, and emulgent challenge has to be
considered to estimate obstruction of urinary tract. Setting the region of interest is considered
with attention to evaluate renal function and obstruction of urinary tract in patients with
duplication of renal collecting system or ectopic kidney. On *I-MIBG scintigraphy, physiological
accumulation in lachrymal gland, salivary gland and brown adipose tissue has to be distinguished
from tumor accumulation. Generally inflammatory tissue does not take up MIBG, although
MIBG accumulates in radiation hepatitis.

123 I-

Keywords : Bone scan, Renal scintigraphy, MIBG, physiological development
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Nuclear Medicine Global Initiative 23, [#%I%%

Association (IAEA) 8 MUK L T\ 5. &
COOWFEEE LT VNEREEES ®EAZES

DA XDV T OB RIS S & TR

HIZHESGTE] [HE - 74 P74 v 2ftho)y
WOREIZ BN THARN — A iRE$5 2| [HE
REAWET S| H TR S, HEKE
DOFE¥ 22 A, International Atomic Energy

44

M20124E125 5 FiF s h, AL DEERSM
L7z, ZOWE#O—BRE LT, MAGEEDHE
EHEAIT> 2D, 20144E7H21H A2 5
8H19H E TWeblZTT V7 — b Wiifr E Iz,
ZOHIEEZ T2 TV — BN 29



ME3IBfEHRE 5D, ZOHTHAYSDEN
1398z A=, TV — b DR OHIZ[ /N
WA & 3 TRIET 2] b o72. O
[ZiE, 16 & 18KITKE L =23 d - 7243,
RIERTIR29K L DH%ESE H 7. HATOD14
LI E TEDHF 2 IE, ENC I UK
AN A

A2, DNREERTE D K S BEER
HEHITXNTWBEDTHAI 2. kL LT
BRER BN SMLINIZZE T oM -RED S bix
LED S TRED, BV Fr I T4, Bk
VVFTFT 4, "Tc-DMSAEFEY v F 75
T4 THY, WATHLMIBGY v+ 5 7 1,
Ry v F 25 7 4 Th - /2. "LMIBG ¥
YF 77400055, LK, A 257
NZE o7 BMERIZE L TIXHAOME M
BNRON, K ZOREMICHKINGY ¥ F27 5
7 4, PLHIMZHPiENY o 7¥E YL 2T
A=A A=V EFETFFEOBHAZEFITH KT
g%, ShifR CTho72. 72, ®RL21EHRTH -
7=0nGay v F T 7 4, "Te-GSAIT T ¥ 7
Oy VF T T 4 EFEFEERAHARICIES -
72, TeGSAIF 7Y 7uy v F 55T 4 LD
MIEREER L, M E 2 < TR0 3ERTH -
7z, 72 PPTe-MAARIRY ¥ F27 9 7 4 &
LELEVWREIZE T 201, HART7hEROMhIZkK
FH, =2 b3 ) 7 CLERTOH -7 Th
5DKEB XA —Z 5 7 D% T F- Mk
A3 3000 fF & 7= 1% 2 ML E /NPT
B0, FREODFERICAZ DL 2R TH
Rl pRINZ OBILKY Y F2 574
EEF O AR EROMICHETLI/EE S -
72. HRTIERBEAKIETD 5 -0 BRE-DD
s, HEMEY VY F U5 T 4 Mo Tid
Fohrz ZOMEBETHEEHVROAEE R /-
D, HEOWTORMOMEHEE 2 RE L 72D
TEOIMETH 5. FERBEPERT I,
REMBAOR, WHHAL, BEEEIZ01lcciEE D
e BA A RE TRENTE 5720, BZ0
OO x A TS, PLMIBGY Y F 7 T
T4 BRZFHHTE AWK LR RO —ET
13 P-MIBG D AR E L EhTuns.
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BROLEY VY FI T T 1, HHREY VTS
574, BLMIBGY ¥ F 25 7 4 I2HEHT 5.
FH IR R ANEER Y v 4 =12 TREIE
WEETH AT > T s, ARIICB T S RERN,
B RIEANNRIEE A 4 — SRR R/ INER
RAEDODTREBIZEDEREETHWTWEZ &
EHIDITHIIR L 720,
BYFTTT74

ARRAL, EHOBEPMRTE 2R ERFD.
#nTe-MDP (methylene diphosphonate) %7z
¥mTe.-HMDP (hydroxy methylene diphosphonate)
EHVS. BRHOTUE, BN F I
PES B R A, AERR - JEAEBRL KL L £ A
ZoTVAENTHEMBALNDS -8, BIE
ERREAMBTADIZHNS, IXxILDH
NOWEDRBZ > T 5 EBEGE Ui X
n, wmEHEERIEA e EEE 25, &
RERBIIMBEIFEEZIZICD & T3 EEMREED
FIBRBIZMA, 7 ¥ 7 v 2 REER
Jit Langerhans cell histiocytosis (LCH) DJAAY D
B, WM E, XL F 2 Legg-Calve-
Perthes disease O FHHRSINI/ TR TH 5.
R E R D AN R TIE % <, RIE, BRI,
U AMERMKT OIS HEE AT TH 5.
FHCLCH TIEEMIIC X O r A Ea D, WHES
BATHIREFGRR 2 VIRBEE, KEL LD
HXPIREF WG A2 2 U, T TIERT Ot g
Y. Mg T bhEBeRdw 5. MR
LT 5 Z &R0, BRE, BHE T3
e & & R E O LG, REFCERAEWEGsE
Sh, BBICE L BERIBEES. F¥ v
F 27 7 4 TIXLCH DA 5 2 {FIINE A5 42
RPE 2D EHIZEEERIUELZ T TOATH
5. MEARDE T ERTOEDTRE K. B,
JEHE TR L ERDTES S 5. REF TR
FHLOLWEEMARL, BREE2MES. & THIA
DN BIE LGS, By v F 07 7 4 THE
ERIBTE RN L H HAHEME A K <Rk L,
D Wi{§ & B IZ 2T 2 B0 ER D 5. R
T 2T, KIESEIT e SRR RIS 2 5.
TR T 2Bk fs K OV RHE& SaE o iR
BISHEHT 2 0ERH 5. HIERSEZ DB
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Fig.1 Follow-up bone scans for a boy with LCH at 15 years old (a) , 16 years and 6 months 2 ‘ b ‘ c
old (b), 17 years and 6 months old (c) . Until 16 years old, high accumulation is
seen at growth lines. At 17 years old, physiological accumulation of growth lines

decreases.

5L HMBROERMSFIITHEL, MM XD EE
TEi5.

ANYR D A BRI FE 3% T H 3N 3 v R A R
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AU TH D, TOEDOTEE K. EE DI
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Z B 4 i OIE S B IR ik %W, Fig.11ZLCH
BB 17 % 6 20 H I O B2 T S i 4 T
PE T U 7206 & 78§, 165620 A % Tl i
WMEMISEMERL T PR SEIC
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Lo DERBEEOROWREE AR 20K
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Fig.2 LCH in a boy 10years of age.

a :Bone scan at 10years and 5 months old shows abnormal increased
accumulation in left ischium indicated LCH finding and mild increased
accumulation in bilateral ischiopubic synchondroses (IS) distinguished
physiological finding.

b : At 11 years and 7 months old, right IS accumulates more and increased

accumulation in left IS disappeares.

:At 11 years and 9 months old, accumulation of right IS increases more.

1At 13 years and 10 months, increased accumulation in right IS disappears.

e - The pelvic radiograph shows osteolytic lesion with expansion in left
ischium considered LCH finding, no abnormality in bilateral ischiopubic
synchondroses.

o0
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Y EREREESEENERTL (Fig2)

10 5 2 A 3&6E, LCH B YLER] o B #H8E ~
VFT T T 4 . 1050 H TRk
WSS XGNPI SR AR L, RS R
S, EAEEERMILCHRENR R T 5.
1172 H T3 A DR & 6 12T LI O
g < ko> T30, EORERITHELL
T3, 11EIPHATIREIZ X S ICHERIUE &
B0, sl EHEERIGEIR S kv, 13
10 H Tl OERULHEIIN AL, HREONW
BEd R oNawn, 10550 Ao HME R
ENT D, AFIERESESXEET SRS
NEZDODATH S, LEAFITITEEEREE & NEBIC
BB H D, T OMRICEEHALIG %> T
WA LCHAT AR 6N 5.

2704 F#EICL 2 BRmGEREKT (Fig.3)

2 FIE AR IR R, 8IS 2 R iR A
FRL, BUHICHEAEL T3, FBRER
XD1I»ABOEY Y F 7T 7 412C, BEE
O RO LB S ERM S 2 THA L, Bk
BARHMEE > Tn5, ZOMIZZTa AL FOD
KEREI T XNz "LMIBGY ¥ F 7 5
74 &0, KEAEEN, FEEEN & &I EE
R R R <, B SRR R PR AL 0 Ji [ 13
JEBHZI TAVWZ L 2R L T3, MR
WUIDEREL VA VIZZAT a4 FRENTD,
B VFT T T 4 ERHSICHW T,
TTISHEDSFB I N T TS, Himio B
ICEEIGEZ S anh, B VOSEOEA R
BAHIZT T2 2704 FARARBER TS
AN B, TOLEIZ, BIREOERAVEA
bbE, MERMAESESTRE LD, B2T 5
RN 5 7-8, WEFGEOMERE & 5 bt R
RNEARE D FH AR Cd 5 D2 2RIZ RS0 %
IS BRTIDEND 5.

JE5T L

Fig.3 Recurrent multiple bone metastases of neuroblastoma in a boy 8 years of age

alblc

a :Bone scan shows abnormal accumulation in multiple regions of skeletal systems.
b : After steroid therapy, physiological accumulation of growth lines decreases.
¢ :'®I-MIBG scan does not show metastases around of knee joints.
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Fig.4 Bilateral hydronephrosis in a boy 3 months
of age
a: ®"Tc MAG;, renal scintigraphy shows
retention of tracer in bilateral renal
pelvis, undetectable bilateral ureters
and bladder.
b : Renogram shows obstructive pattern.
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Fig.5

Neuroblastoma in a girl 7
months of age. '**-MIBG
scan shows increased
accumulation in bilateral
shoulders considered
physiological finding.

a: ANT
b:POST
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Fig.6 Neuroblastoma in a girl 5years of age

a : CT shows a huge mass in retroperitoneum.

b : '*-MIBG scan shows abnormal accumulation in abdomen and wide spread skeletal system.

¢ : Follow-up '®°-MIBG scan 2 years after radiation therapy shows increased accumulation in liver
with triangular shape
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Fig.6
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e:

SPECT shows rectangle shaped accumulation in liver.

“"Te-PMT hepatobiliary scintigraphy shows decreased accumulation in liver with
abnormal avidity on '*°I-MIBG.

m|o|
= ||

: Exposure field includes liver with abnormal avidity on '#°-MIBG.
g:

One year and 6 months after radiation therapy, CT shows low density area in liver
with abnormal avidity on '’I-MIBG and metastasis in right lobe.

: Two year and 6months after radiation therapy CT shows atrophy in low density

area in liver on the previous CT and multiple metastases.
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Usefulness of preoperative renal scan in
children before laparoscopic nephroureterectomy

Takayuki Masuko'?, Eiji Oguma®, Yumiko Satou”, Minoru Tada?

Perinatal & Neonatal Medicine, Saitama Medical Center Jichi Medical University"
Department of Pediatric Urology? , Radiololgy®, Saitama Children's Medical Center

Abstract

Purpose : We examined preoperative renal function on Dimercaptosuccinic acid (DMSA) renal scan in
children who are candidates for laparoscopic nephroureterectomy.

Methods : A single-center retrospective review of preoperative DMSA renal scan of 17 children
undergoing laparoscopic nephroureterectomy at our institution between January 1999 and December
2011 was performed. Patient characteristics, preoperative DMSA uptakes, estimated creatinine-based
glomerular filtration rates (eGFR) and pathological findings were analyzed.

Results : A total of 17 laparoscopic nephroureterectomies were performed after preoperative DMSA scan
(6 boys, 11 girls). Their median age was 5 years. The left kidney was affected in 13 cases and the right in
4. Uptake on DMSA on the affected side ranged from nonspecific to 1.8 %, and on the healthy side from
18.3% to 44.5%. The uptakes of 14 patients were less than 1%. The average uptake in 8 girls suffering
from enuresis diurna was 0.29 %. All of their unaffected kidneys showed compensatory hypertrophy on
renal scan. The eGFR values ranged from 66.18 to 129.63ml/min/1.73 m. Total uptakes of both kidneys
were closely correlated with their eGFR. The entire kidneys were detected laparoscopically and all
atrophied kidneys could be removed via an umbilical port incision.

Conclusion : DMSA revealed the affected side to be wasted and healthy side to be compensated. These
findings may be relevant given the reliance placed on renal scan in planning treatment for pediatric
candidates for laparoscopic nephroureterectomy.

%mTe-DMSA, Scintigraphy, Renal scan, Children,Laparoscopic nephroureterectomy
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Table 1 [EIFESETE - REWEBRMTZEITL B REOET R LMAIHREER
s . o DMSA B (%) #lial o
MRl TR ER ESHi 2 B m GFR RIS
1 %« 12%4»A BEhER REErRAO &= NS 343 101.2 HK
2 L& 6 m2»,A BEER REErREO = 0.6 183 1014 HK, DK
3 %8B 1314nB BRER RERFREO % NS 20.3 109.0 HK
4 %8 10%6»B BRER RERFEO % 0.2 33.1 90.0 HK
5 &} 5 ®%4»rA BEhE R REEFRFREO = 0.6 32.7 84.5 HK
6 wR 5m5»AH BEhE R REZMRAO = 0.2 34.1 97.1 HK
7 TR 6% BREhE R REEFRFREO = 0.5 32.1 123.6 HK
8 %2 4m®irA BRER RERMBENO A 0.2 324 1224 HK
9 %R 2®2HrA  RERELE RERMBEO v 07 335 1065 HK
10 w3 m4»A FRE& BE ERE, HHREE p:a 0.93 4453 1087 HK, DK
11 %® 9 ®57H H’f&gﬂg Eﬁf"ﬁ%,ﬁg@’m A& 15 278 740 AtK
12 B 5®E8»A FEE AR REZEREO i 0.7 28.5 98.8 HK
13 B8R 0 m4»AH PRE&REAE REEFFEO = 0.4 33.1 67.5 HK
14 BR 1®&6H,B  RIEEBRE ﬁﬁ“\‘:ﬁ,@f%ﬁ;u o # 1.8 413 789 DK
15 BR 0m8»A FREBRESIE REEMBEO i 0.4 229 70.0 DK
16 BR 2 &NPE  REBERE RERFREO % 1.8 355 104.3 HK
17 B2 1 ®mirA  ERERET SBREYE @AVIR A 0.3 312 66.18 ApK

NS : nonspecific, HK : hypoplastic kidney, AtK : atrophic kidney, DK : dysplastic kidney, ApK : aplastic kidney
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