(R &)

IEVMEE KBRS BRI BT AR v F /T 74 TR L
SPECT MAAT N 72 Wi B i il

HE O R KAl xR FHE &

AR A*

MNHE  EE

EE FNGHARBEEERECBTZEY vF/ 570 TRX L, SPECT REfHNo BEinfEE
129U T 26 JER] 43 Bt 2IC Rt 21T o 7. Planar, SPECT {477 iz 6 fEHICABE L EH (N), K
1B (O), HEEIE 5 K48 (PH+O), v v 7 RER RHAC), ¥4 1Y 7o £ 55 8558 (PH), UNEM4ERMM
(DH). #® % fE> 24 B3 5 planar, SPECT T Ri%, ThZhA N3 3:2(F5H), C2° 1:3, PH
4+C22:8 RHLC»2:3, PH29:2, DHMN7:6 Thotz. BEOIZWIIFHIZHEWTIE, N2
16:12, C10:6,DH 233:1 TH-72. KREEXHFE O R FFHEEOTRENZHA RL LB A,
planar, SPECT {0 &REE1L, FhFh 21% : 58%, HRikix 100% : 68% TH-7z. Planar 1 EHEE
L 19FHED 5 5, SPECT i3 2 FEHTEERIEL, 6 BHE TEWEHEEZBR - THRE LWE Lz, BHE
FLMET X WEH (PH, DH) #2 L7 19§81z, SPECT 2 7T HFHCEREXEIEL, BEEIR1-

1085

foo Plbofgiig, MR RSB TR & BE

FREEDZ ERFBE L.

L FL&®IC

KIBGEERIEBM BT 2B v F 7574
DR MBS X OBz W TIHUNTL Y £ < D
LN EHT & . 80FEMICH » T—HRERRIC
¥ F 1 g3 & (single-photon emission com-
puted tomography, SPECT) ¥ &% L, B v F
77 7 4 SPECT o FHIHEEZHT~ DG B LU
planar %% LA 5 iR i& 2 45 ShCLsRY?, £
¢ Offii < SPECT RNFHEEEEHICHVWbR S
Xoichnolk. bhbh b KBEEELIERE VT

* TIERFESGHRE
** (35%) Division of Nuclear Medicine, Department
of Internal Medicine, The University of Michigan

ZfF64E2 25 H

RACHiZA 647 71 19 R

BUREE RS © THERTERPRKZ A 1-8-1
THERFEFH AR

(& 260)

- e N -
TERLWVLCREREFTAYE LLEARIS,

SPECT #&#EHS

(FZBR2: 31: 1085-1092, 1994)

BEFAREZZ LERICSWT, Byyvs s
5 7 4 planar {433 X 0" SPECT # b4 5 &
D o7 hs, FESIZ SPECT 4% g+ 35412,
ZOFT R0 %Kk, %7z planar i ik L TR
o fReE, TE O RET, LT LY SPECT
G TEEZHRERE LA VWEAESRRS L
7. ZTTAEAEICEWTE, FIMEMERBREER
WS HHELE LT, By Y F 757 4 0 planar
%3 X U8 SPECT BT R ML LT,
SPECT 05 BHEI W I B 1T 2 BWHKIZHO>WT
DWRF EFfT- 72,

IL MREFE

FESMEME R IR B BRSIEIESE W & 5 W 3B EEESE
B fERRA T VWIERIZT, 19884825 1989 48
T HERZEETNBRE AR Ty v F 7
57 4 BRATE N 26 SEF % Mato St e L.
TR ORI, 8RB FEEEE 2 65 (B
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14, & 1), £2&%=) 5~ h—5 =% (SLE)
2245 (B3, & 196, AR BRI 1
Bl (B, BREERLF (&) thotz. T
D 5 H SLE o 3 fEf| i3 SPECT {4 @ 4 % itk
Licied wtsl v o L. 5% 23 5EF o B
Flmix 41 5% GRUERZE 1258, 2100 625%) T
B ol FEIE R A BRI T & o 72 10 FEf
T, BEBREY VF U774 BITECHNIE
5 REE2BEMIbE o2 KBEHEEFLORE
LW, BRRFTR, BH o BMXBRRED 2
B, BRIV THEEEAEEEBZ AWTiTh
N, ThOOFRICESSBHEROFEL PE
L7, 235ER 46 BFED 9 B, 3FHILTTIC
BRI L TR BT S AT VR X Y
B LIz, BV OB FBHEHDOS B, 24BFHIZTE
FEEOFEENZH S h, 19FHEIER L2
Ehie (EFITHRMIER). SHICZDEF LY

B

WEh219FHED > b, FBBBENTETS
7Z1I0BHEIZBWTIE, By rF 7T 7 1 fT#
AEMICEER b 2 ERBHB Lo
LERFER LI

BYrF U T 7 00, P2Te-methylene diphos-
phonate (MDP) 740 MBq # #i%:4%, 3~4 B#fil1%
R % BIRG L7z, Planar G o &z i3S % 1
¥ —HABEARETTLa Y 2 —2 2 v, 28K
DIEA, WIKEENZERE Z 2Ry MiEk Hik
U7z. Planar %I 5] &5 & SPECT 4% Iude
L7225, SPECT R E plicBHE IR Z IR &
hiz. SPECT E 13, (&= 31— igps
ATV A =2 R EEF Ll v~ 2 5 EHRE
(—HRHER) 2 Av, EBRRE~< Y v 7 2 64X
64,360 £ 64 Gk b — G 1S i T ELE
IR UTe. BREIRIUEER D BEIERN O3 W ikt iE 3
IO F ORI X v, FEREGRECAET
57—F7 77 bVelpETirwic, ¥4 75
2 BTSN EE R < = 7 4 L o R A

R

REATo7 CCIR 7 X Y —IBET Lz k2 {EA.
T—F7 77 beZORMEMEE Fig. 112R7).

ERTERR I X, TEWT B 3k %2 0.31 cycle/pixels »
Butterworth 7 ¢ L& % Flv 7= S8 12 & 0 4

31 % 9 52 (1994)

WG ZERR L, =0 L TKEBEHEOBIEAIZAD
ETEABHOTRMIGEZER L 2. C ORiiEA
cAbE THEERZFEHERT » FERRLERIC B
THEBEICHER S W LT 2, ARG EL
Ao FREMLOMZR» bBES LTV S,
DEDFEZE > THELALEYYF I T 74
o planar % (i i B fini# %) & SPECT & (B
HXEL TR 2AVWTHRERTo72. %
Rlcix, KEEFHEEEFEOFEIFL LT,
RIS & RN L7z, & oFERIZES»
TUTF oRit %17 - 72.

1) KBRBEEEOESFVF7T71DHR

NEE
BYF ST 7 0 EOBHEBEOBHIEIEL L

Reconstructed Coronal Images

B ¥

A

g

'

P8

bl

ted

R |
wiiakn WS L
Original Corrected

Fig. 1 Correction for “bladder’’ artifact. In this case,
avascular necrosis was present in the right
femoral head. The original reconstructed
coronal image (not resliced in the oblique view)
showed photopenic areas in the femoral heads
bilaterally (arrowheads on the left), giving
incorrect impression for bilateral involvement.
The profile curve (left) revealed markedly
decreased pixel values in the femoral heads and
intense activity in the bladder. Following cor-
rection for the bladder artifact, the femoral
heads became visible (arrowheads on the
right). The profile curve (right) demonstrated
presence of radioactivity in the femoral heads.
Note focal decrease in the right femoral head.
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T, planar {435 X 08 SPECT {4 & 412, BHEN
DEERHREOEMET H 5 Wiz K, A2
BIAN ORI R OF EIc S S HHEEL R,
TR e R OBRTEOFRIC & Y WA
¥H L 7z (planar ¥4 Fig. 2, SPECT {4 Fig. 3). A)
IEHE% (Normal, N): B ENICERFETH LW
Wiz o iv, B) K (Cold, O): FEHNIZE
FEIET &% Wiz KB 2 3B 2 PEEERIALIT 75
W, C) R n% (£ 5 &8 (Partial Hot+Cold,
PH+C): £FET & 2 WIrKRBICHEVNEHES S
Wi o —#Bic RN E R, D) Y v ok
4£7% (Ring Hot+Cold, RH+C): FFah.[ 4%

BETFdsWaxRBEMLED V v VRO EEBEHE,
E) Bt 5 v 13 BH 0 — I R R R
(Partial Hot, PH): S5 #2585 F & 2 Wiz K38
b inwv, F) B A £ 8 Diffuse
Hot, DH): FEEAEM A LA S 2 WIE ARG —i
WELTRY, BHOEEEMIOIEHALAD.
(2) Planar & SPECT O ZHER
Lok L s ThFhORTRE, FEE
DEFEEFLDOFEOFEL LEIRGT L. &bl
UEDHED S 5, £HETH 5 WiaRiBGES
tr C,PH+C,RH-C D 3FiR%, By v F
774Lc®%ﬁﬁE%ETEQMQNM&

D

E 5

Fig. 2 Classification of planarscintigraphic findings. A: normal (N); B: cold or decrease
(C); C: partial increase with cold or decrease (PH--C); D: ring-like increase with
a cold center (RH-+C); E: partial increase (PH); F: diffuse and irregular increase
(DH). Right femoral heads (E and F) and left femoral heads (A, B, C, and D).
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D

31 % 9 2 (1994)

E

Fig. 3 Classification of SPECT scintigraphic findings. A: normal (N); B: cold or
decrease (C); C: partial increase with cold or decrease (PH+C); D: ring-like
increase with a cold center (RH+C); E: partial increase (PH); F: diffuse and
irregular increase (DH). Right femoral heads (C, D, and F) and left femoral heads

(A, B, and E).

LY, zoflio N,PH,DH @ 3 A Z IE% &
B\ BEEEEIE LT BE T & 72 v 2 (not diag-
nostic) L LT, ¥ v F /5 74 iRIZESE
KEBPBTHEIE S 27+ % $A D planar (B LU
SPECT {4 D REE 35 X UM Bk % Hllhat L 7.
(3) SPECT #&ZEfIIC & 3 BHEIFEROZEAL
Planar {& #: 4 %, SPECT irEz MM+t
2B, WHICKBEEEEOBMICHFE T 5 1R
FtlL7c. 9 planar BoOBTR LY, MHEHEZ,
EH M), BHEEX LHETE R WREY (PH,
DH), EFEERE & s (C, PH-C,RH+C) 0 3
BIZHE L. ThEhoRicisWT SPECT Ft
RIZESWTRI 2T Ha, EIEOBIHEER
DOTFFEL B LT, 1) planar {§ L #£3H25A U,
2) SPECT {&iz X v M2 t, - ) EREicE
xS FIET, planar g3 EH H 5 WL ETHE
BLBETERVWEEZE LoD, SPECT
PEEEELWETES5AEE L, 3) SPECT

Bick y Bt E £ T, 2%V planar B231E
WhHEWIFHEELHETERVWRAFEELL
E# B, SPECT (2 CHHERL LHIES LS
FRZE L, O3FCHELE. A planar
5 L SPECT fic -3y 72 Wi o BR % Hok

7z, FEMFRREHCE S A 2FRBEEH W

n. # =2

1. KEEBEEREDCEL - F5F7 1R
¥8 & planar & £ U SPECT O ZHifE R
Planar %3 X ' SPECT oWt hizsnwTy,
BETZ 6 0OFALNREZHVT, ZhAZTho
FTRZIE L EETHREIIHET 5 Z L8 T
Z7-. Planar{gozZiricivwTiz, BHEIE—IC
FREEQEMEMEE L TV 2 HRE 2T 3 EH
HHFEL, NI XU DH oKBIHR L RHFER
REFIAFEL. BE, KBEHEOMINENE

72 91%, SPECT iz THIRIc B S hie.
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Table 1 Scintigraphic findings in femoral head avascular necrosis
Planar Imaging SPECT Imaging
Findings*
Necrosis (+) Necrosis (—) Necrosis (+) Necrosis (—)
N 3 16 2 12
c 1 0 3 6
PH-+C 2 0 8 0
RH+C 2 0 3 0
PH 9 0 2 0
DH 7 3 6 1
Each number represents the number of femoral heads.
* See Fig. 2 and Fig. 3 for abbreviations
BRTIZBYVF V770 OFTASHEH L, £ # ;§"
SO BB EOFEL L R e T 2 4
(Table 1). FHHICERKTH 5 WIKBEZHE-7 »
R (C,PH+-C,RH+C) & FHEHEFE L MIETE
% diagnostic TR & L7234, planar {§ o REE
Z 219, BRI 100, ThH o DiTH L,
SPECT 1% G /R BF 13 58%, 4R M1268% Th
o, —FHBHEIMLPORFHRZE LSS
MM & L2 A 1%, planar (R RKEE T 887, Planar SPECT

BERML 84% Th oDizkt L, SPECT T
RRBE1X 927, FRRMEZ 637, LinoTe.

2. SPECT ®ZEfIINIC & 32 2MERDOE(L

Planar {%C FEEHE L BiET X 5 FiA (C, PH
+C,RH+C) #2 L7z 5 BHiZ, wWTh L EE
CETREESEEL, BEERTFELL» o0k,
F-zh b 5FFEHD SPECT 12 vw+h {, planar
L R U TR %% L7z, Planar (£251E% (N)
®RLEI9FEHED Y b, SPECTETRLERNH5
WEIBHEERELETERAVEREELLLOR
11§56, SPECT B BEEE LMIETE 5T
REBUBBEEFERCFELL LD 2FH
(Fig. 4), ¥z SPECT FrRAVEIRMIE LWIETE
ZHAZE L ODERICITBHEEENLFEL
i ofebDid 6 FFETH »7-. —J5 planar {3
BB L WETERVWEREFTR (PH, DH) 27~
L7z 1988HD 5 5, SPECT B L BEEEEE L i
ETERVWRELLZVWIERFTREELLLONR
12588, SPECT i BB LMETE 5T
RETFUBHEEREFPERCHEELL LR TEHE,

Fig. 4 45-year-old female with systemic lupus ery-

thematosus, bilateral femoral head necrosis.
Normal left hip on the planar image. The
SPECT image revealed a small photopenic
area in the left femoral head. Although SPECT
was diagnostic in this case, similar SPECT
findings were observed in normal femoral
heads (false positive).

Wiz SPECT B 25 BBUESE L WiE T & 2 FRE
BLbDOEBICIIEEERAEELE P -2
LDIZOFFETH »7-. o% Y planar A ER
DA ITIE, SPECT o iR 2k v 2otk
BHBCED Y PREERSL R oedicHL,
planar G AVEEHEIE LIIETE R VWRE 2R L

£121% SPECT |z & v 'BIHE2HREN M E L
7z. Z # & SPECT {4+ hnic X 2 2WrkE i,
planar (T ERFTRE R L2 BEHE, BHERE
LETCERVWRE LR LEEHEO 2HCAER
& %2R L7z (p<0.05),
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Iv. % =®

AT, planar T EEHIC REERETAEH
HEYEE L WS T, SPECT fiEMMIcL 2
KEEBFHFIEAE DBRTRE N Bz 5 WREME R & h
72. Z® X 51z planar BT 1233 T SPECT #
EOBEE BRI LicfE 4 Tz, SPECT
#1338 % planar R I Bl E WV THRAGT 5720
planar & OFT R X b SPECT BB LEHED
BEZHET2 203, BENAZHEZTY LT
HETHILEXS.

Planar {0 Ff R & - T SPECT &0 2R
CHEZEUEERO— L LTI, SEOKEH
XIREETIT planar 28 IEH O A I121x, FERICE
WEETH SR 1 EL, SPECT i X 52
A EDFERDE P sTDIzRt L, FBIEICH S 2
DEFRERIBAL S TFET 2 5B T B BEE
o AR S, SPECT 2wz Lick
> TZ OHIRIBALICRELE T 2 EBRET H 5 WiE K
E%mﬁ&mf%,wﬁﬁﬁhnﬁﬁbtbam
Exbhs., LarLard, WFhoRRtizs
wf%%ﬁﬁ?bavw1k@ﬁméﬁm&ur
SPECT B D HEZT-TWBICL b b T,
BHENICFEET 2 EFRHIIOF R L -T2
ORHERERIEASh 2 REIZIX, RENGRC
B 3EEEOIBE AL T ZOGFEELRET
ERV. DX VEENLIER TRATICHAL » 4%
HWEErBo L WER, SREIERBHEPLHO
fEh 7z £FET, SPECT Eg DT, W
FELEREWERT—F77 7 MEXBRE LHER
TEHEREMESD Y, ThibmiErnstr
H<hsLBbhik. —HRFTICERBEMISTEE
THEETIE, oL sREVE
BETH 2 VEXREXPRZWRY 2% LESH
b olcied, ERGHNOE SERET R

WL S h i, BEERENsSEar oz
DTEEW» EHEZET 5. BEE B RAES A
HIAR D AEAT O BRI & D% sk 2 Y ERA
TR E RT3 o Ltk o Co OFE A
AT RFEEENS D L.

31 % 9 & (1994)

BHERDOFRM L BY v F7 771 OFLEE
B LSRR E 2 Z W10, KRBT TR
EDRHIEFIToTwaWS, HBunikczZiiikdEo
b, RIBOHZEET5BH (C) 3EHOE{kIc
—B L, ZORIEE X OVEEAIZ - THERE
mE R+ oiciy, PH+-C B X 0 RH+C ~
BTz LELOND. SLITHHICERLHL
50 RIINED LB EHARICER SR T o5
Voo, TOBRBIIWEDS LT LEEMER
BAEE 75 & D RBAEIR B & O KBTI REE - 72 5.
EHETLHEBEZEELTE Y Y F /7 7 4FiR
EABELEBEREMLER SN, 1
AT, ERMETH2VEIXREEE->-TVS
MAOHEBHEERLMETE IR L Lz,
R B % BRo 5 72w, AR v o SUk
AR v, Collier 513z D EHEICE SV,
planar {43 X 0 SPECT & D JREE % 55% B L O
85%, BEMEITVWTFRD 100% LHEL TS,
—75 Miller &3 SPECT 4 T JREE 589, 4Rk
Y ELTHEYY, bhbhofERICX VIIVWE
PHELTWS, &5 SHRHEE SPECT 2 Hw
e, REZ 885 AFMESTATEYY, 4%
DREREVHIFEh LA THD. £HETH
Wi O WFh 2 b BE & Lca, planar
BTix, BRETT% 5 90%, BEMETSY b
83 NEE N T 35612, —J5 planar f§is &
U SPECT & #% Mk L 7= Stulberg & 0341319,
FRENDORKED 83% B XU 1Y%, RN
83% B LT78% &, SPECT # w4 o4
BMRMET LA L2@ELTB Y bhvbh ol
RBL—ET5%, ToBEAZHALMZISATHE
W, WEFRIZLA ZR b DRIZEIC X 2BRHEDE
Eix, MNRE, REHE DWEESOEROE
H2EE LT3

AEOFERIZE S VT, KBEHEELS
DEMTEY Y F /774 2T LIEHAED
SPECT &M N O@ERIc>WTELLLE, =
¥ planar {§ % #4& U TRESER (N) L2H&
NIEAIE, 859 (16/19) o El& T BB
Y, 7/ SPECT B2 (552 23 5 7] RE
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ERHDZ LY, SPECTRERTLAV.
RIERS 2 WiT SRR X VKR L LTHL %E’E
BEAEDN I, EERNGLEER
TR EDTEEDH EL RS o__\TEK
SPECT & % [ELf< & 5. Planar {%C FiHEE
TEHETE R WEREY (PH, DH) 2380 B4
%, 5l&HkEE SPECT ®EZ TS 2 £T37% 7/
19) TR HEEL, BRKKGHSED ho RE

OEIAEE S 725, Planar (% ¢ B IEBEEE M &
Hriecx 59T R (C, PH+C, RH+C) 2B -8
AL ER GRIFZE T 100%) TERICEH
BRI 2 L kv, SPECT 3 X UK Ik
BEBEOWTFNLME L Sy, DHTFRIEICEM

Xke iz 256, XHmarii sz e
TR T, KEVEEEDE A0 4L THRE
FHRER I UOERESILBEB I 2 BELT
PDEEFISLZETT2 LHlshs. KFET
i3, BBUEEFERERO B T2kl RGNS
AR 2 HifT L7272, EROERBEO% T
TLEBRERZRS L, AHELD ﬁé”‘in
EEDE ) BREFIEOREZZLDTEETH

5. BHEEZHMNCE TS, HMXE, BESR
#E, BERKEEGREER2ADE 2 FIEORE
X, ERBOFE, BRKIEROHE, ByEE
ISOFE, RERAOMELZET 2 LE N DH Y,
FRD OIEES TR I G Sh Tz 61819,

V. #& &

AWFFE T, FEIMBEVERBR B HEEIEEZE O B
HTHITENTIE Y v F 75 74 1283 35T RA
¥, B, SPECT of A% MRt L. Planar
BofT Iz ST SPECT RRED N E i+

5z LT, KIRFEBEHEERELZ XV AN T
EHA[EEMEE R L Tz,

HHEE TR ERE KR A, a1
EREDOKRFRICXT 2 THBEBNCREh e LET.
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Summary

Nontraumatic Femoral Head Necrosis:
Classification of Bone Scintigraphic Findings and Diagnostic
Value of SPECT Following Planar Imaging

Satoshi MINOSHIMA, Yoshitaka UcHIDA, Yoshimi ANZATI,
Kimiichi UNo and Noboru ARIMIZU

Department of Radiology, Chiba University School of Medicine

This study was conducted to determine bone
scintigraphic findings in nontraumatic femoral
head avascular necrosis and diagnostic value
of SPECT imaging following a conventional
planar imaging. Forty-three femoral heads in
twenty-six cases with idiopathic femoral head
necrosis (n=2), systemic lupus erythematosus
(n=22), aplastic anemia (n=1), and renal trans-
plantation (n=1) were studied. The diagnosis for
femoral head necrosis was based on magnetic
resonance imaging as well as other diagnostic
studies in all cases. Scintigraphic findings of planar
and SPECT images were classified into six cate-
gories: normal (N); cold or decrease (C); partial
increase with cold or decrease (PH+C); ring-like
increase with a cold center (RH+C); partial
increase (PH); diffuse and/or irregular increase
(DH). Avascular necrosis was confirmed in twenty-
four femoral heads, in which planar and SPECT
images showed scintigraphic findings of N (n=3,
2),C(n=1,3),PH+C(n=2,8), RH+C (n=2, 3),
PH (n=9, 2), and DH (n=7, 6), respectively.
Femoral heads without avascular necrosis demon-

strated planar and SPECT findings of N (n=16,
12), C (n=0, 6), and DH (n=3, 1), respectively.
When considering C, PH+C, and RH+C as
diagnostic findings for avascular necrosis, sensi-
tivities of planar and SPECT images were 21 9 and
58 9%, and specificities were 100 9 and 68 %;, respec-
tively. In nineteen femoral heads with normal
planar findings (N), SPECT correctly identified
avascular necrosis in two femoral heads and
misidentified six normal femoral heads as avascular
necrosis. In nineteen femoral heads with non-
diagnostic abnormalities (PH, DH), SPECT cor-
rectly identified avascular necrosis in seven femoral
heads and showed no false positive. Diagnostic
planar findings in five femoral heads were con-
cordant with SPECT diagnosis. These results
indicate that SPECT imaging is most valuable
when planar images show nondiagnostic abnor-
malities based on the proposed classification of
scintigraphic findings.

Key words: Bone scintigraphy, Avascular ne-
crosis, Femoral head, Single-photon emission
computed tomography.
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