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Diagnostic Value of Angiography in Primary Bone Tumor
—Especially the Evaluation of its Discriminative Ability
between Malignant and Benign Bone Tumor—-

Seiya Sugawara
Department of Radiology, Tohoku University, School of Medicine, Sendai, Japan

Research Code No.:  505.4
Key Words:  Angiography, Bone lumor, Discriminative scove

There have been much controversy about the usefulness of angiography in differentiating between
malignant and benign bone lesion. In this paper, 73 arteriograms of proved 70 malignant and benign
bone tumors experienced for 10 years were evaluated to identify the criteria for malignarncy.

Abnormal 14 findings were examined in each arteriograms and each incidence rate of them was
calculated. Four discriminative findings of these ones were selected which had x2 value of incidence rate
higher than 20 between malignant and benign bone lesion, and had specificity for malignant tumor
higher than 70% at the same time.

They were (a) soft tissue extension with rough surface, (b) encasement, (c) irregular blood pool, and
(d) rapid tapering or abrupt termination. If these findings were seen in an angiogram, one point was
offered to each findings, and their summation was calculated (discriminative score).

All of the 26 cases were malignant which showed 3 or 4 of this score. Of the 24 cases which showed
score 0, 23 cases (96%) were benign. When a patient gained 1 or 2 of this score, the probability of
malignancy was 45% or 75% respectively.

Many of the cases with osteosarcoma (17/22), chondrosarcoma (4/9) and one case with fibrosarcoma
(1/2), hemangiopericytoma (1/1) showed hypervascularity and had high discriminative score. But it was
difficult to differentiate them each other. Some cases with chondrosarcoma (3/9) and all the cases with
bone marrow tumor (4/4) were scarce of pathological findings and so their discriminative score was low.
Many cases with giant cell tumor (7/10), aneurysmal bone cyst (1/4), and hemangioma (2/3) showed
hypervascularity, but their discriminative score was not so high as hypervascular malignant tumor. All
the cases with bone cyst (2), fibroma (1), exostosis (2), fibrous cortical defect (3), and 2 cases with fibrous
dysplasia (2/4) belonged to hypovascular bone tumor and their discriminative score was 0. Other 2 cases
with fibrous dysplasia showed moderate vascularity and they were condisered in active state. In a case
with hemangioma and one case with chondrosarcoma, angiography was useful for estimating the effect
of radiation therapy.
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1. FLwiz

FEHOZE L Db EBEOHER, HBEH
ftoRE, FRUBCHFFCEETHS, TOk
DITILIEREICHREE, 2T R OB, Bl X
BOEHERSTBLETH Y, BRICILE8Y
HBREIZIDBREEIRBY, LHLEBAICL-T
ELEDF — 2 P CRAR+S cHEREILE
LB Eb i in?, fE3k, MERBIZL b
BFEHEOWN Y, FEEGLE OBENE LML
D, FBIFOEMETSWTIHEETLIL
DARETH B LELRTERY, Ui LEBEEE
MBS LS & Ric ) BB SE OREZE
KO ZELEH D, ¥ -F—EH TSI
Lo THBRENREZZ LD, IFHELE
BB b m T, — R r R EE
EEIRTWAD, ARECRZDAERL, i
AP ROVEESSENCEICERTH 2 hE e

BABEFHERESHE B4 H105

L, ToZMcEBELYRHI-5cD, N0L£0F
KEOMEREXFHMHNL, 2° D14 F) &
B LHHENSHELYIRD ARTEKL
299 ZzoER, ENERBOZENCEER L
Z2zbhB AR RDLOTHREL, 2beT
FEBI R DA B/ IZ o\ T b Bl
5,
2. MRFE

2.1 Xi®

BrIEx RIREFN4TE 3 A2 B5T4E 8 F % Cizif
EEEThh, TOBROBBFHZE £ X UE
Rl & v IR FEWEEE - ESSLEER
EHIBA L7704 TH B (Table 1, 2).

MEEF Lo v F -l ) fThh, B
B TRE 1 ~ 28, &5 10~ 12BBThhi,
EFC L » TRECREBRME2ERL, BEIIE
B2 HmbhbiE L, BF%EE Triplex An-

Table 1 Case material with primary malignant bone tumor

Case N M et
se No. Age (Mean) Male  Female
1) Osteosarcoma 21(22) 5—79y (27.3) 15 6
2) Chondrosarcoma 8( W 5—73y (42.6) 4 4
3) Fibrosarcora 2 48—55y (51.5) 1 1
4) Myeloma 2 18—48y (33.0) 2
5) Ewing’s sarcoma 1 12y 1
6) Malignant lymphoma 1 36y 1
7) Malignant giant cell tumor 2 20—65y (42.5) 1 1
&) Hemangiopericytoma 1 33y 1
9) Parosteal sarcoma 1 15y 1
Total 39 cases
(41 studies)
Table 2 Case material with primary benign bone tumor
Case No. Age (Mean) ___Ex___
Male Female
1) Giant cell tumor 9(10) 19—36y (26.8) 7 2
2) Aneurysmal bone cyst 4 8§—53y (24.8) 4
3) Hemangioma 3 18—37y (25.3) 3
4) Fibrous dysplasia 4 4—42y (18.8) 4
5) Fibrous cortical defect 3 5—16y (10.0) 2 1
6) Bone cyst 2 6—12y( 9.0) 1 1
7) Fibroma 1 20y 1
8) Exostosis 2 33—54y (43.5) 1 1
9) Osteoid osteoma 3 18—49y (31.3) 2 1
Total 31 cases

(32 studies)
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giomatic 10238 X W AOT TH oo, &< DT
12 ~ 3EOIABEOLHRA L, »T -
FIRILT & B REGEERMIEST, SFFEA
BAvo=z22—=55WEFHTTo%k, BE
LB HFEL, NEROFTHICIED S 5 EHIC
HLTEY 752> a vEYRLE.

2. 2 WM%EHA

MEEOFHE DT TRLEL T D LFF Bo-19
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DA WICOWTHERZT -7 (Fig. D,

I) B 4HE R soft tissue extension | Z i fEEE
M A Ok X b FEETES R T 587
Rtab, zoFRm, (D FEFicd O smooth
surface ¥ X 0%, (2) R¥E7rd @ rough surface ic
K4 Lic, D—(% Fig. 2ic, D—(2)% Fig. 3
R,

1D M #:17 2% abnormal vascular course :
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Fig. 1 Schema of angiographic findings shown in bone tumor.

1) Soft tissue extension: (1) smooth surface. (2) rough surface. I[) Abnor-
mal vascular course: (1) abrupt angulation or rapid spreading. (2) spiral or
tortuous vessel. (3) vascular stretching of curvilinear displacement. III) Vas-
cular stenotic or occulusive lesion: (1) rapid tapering or abrupt termination.
(2) encasement. IV) Vascular dilatation: (1) worm like or saccular dilata-
tion. (2) irregular blood pool. V) Tumor stain: (1) hyper stain (2+). (2)
moderate stain (+). (3) slight stain (+). (4) no stain (—). VI) Avascular

area. VII) Early venous return.
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Fig. 2 (a) A case of osteosarcoma in left proximal hurnerus, 19years old male.
(b) Arteriographic image showed hyperstain bone tumor. Soft tissue exten-
sion with smooth surface was seen.

Fig. 3 (a) A case of osteosarcoma in right distal femur, 30years old female.
Early arterial phase.
(b) Late arterial phase. Soft tissue extension with rough surface was seen.
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(D BBz ofarEbs, ¥FlRicmgs
#p 3 % abrupt angulation or rapid spreading.
(2) MmEHHRARD B EEx O FEICHETT
% spiral or tortuous vessel (Fig. 4). (3) Im#&
R LEBRRD 5 W3R 72 5 vascular stret-

Fig. 4 Arteriogrphic image of the case with giant
cell tumor in tibia, 19years old male. Spiral and
tortuous vessel was remarkable.

Fig. 5 A case of osteosarcoma in right distal
femur (the same case in Fig. 3). Rapid tapering
was shown. Subtraction X-P.

1169 (5)

ching or curvilinear displacement.

D MmEEOZ LD B\ L& vas-
cular stenotic or occulusive lesion : (1) rapid
tapering or abrupt termination (Fig. 5). (20 #f
7 Hy8E%E encasement (Fig, 6).

IV) 1% o 5 B9 $ 58 vascular dilatation :
1) A B D 2\ R BRIESE worm  like  or
saccular dilatation. (2) EAEE o MERE irreg-
ular blood pool (Fig. 7).

V) BES L tumor stain | Z hIXEHEHE
CRBILEBEOREY»XRTIOT, —RLTH
HOoREFLVEVERGEERT IO, (D
hyperstain (2+) (Fig. 2) & L, FEED L D%,
(2) moderate stain (+), HEEThibF e
FOREBRAS D%, (3) slight stain (£), &
CHEEVREBRIEVE D%, (4) no stain ()
AL, BEAESRDZBEEIY T 52
¥ a VRTTW, FEEETEEMEE & s L,

VD) 4 In% B avascular area : [543 A
DEFHIFERITH v, EENOHEIFELH M AR
W3 %, [EEIEY) moderate stain Ll ko 3 iz

Fig. 6 A case of chondresarcoma in right ilium, 33
years old female. Arterial encasement was seen.
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region, 23years old female. Irregular blood pools
should be noticed.

DT OLMEE Lz,

VID EJfi#ikHH early venous return @ Zh
RS T ICEIRENC AT U To\ BB TRRIR O3 R
HEhsfRcHs (Fig. 8).

2. 3 BWOFE

AP T EEMEH B0 discriminator & 72 %
FiR% R\ <, EflY BERER, Bk
BRCO, MBI 54 RORBEE, 12
fE®?, ¥ X OMERE specificity 9 ¥ B H Lis, &
WT xR X OB REN—EOKIEEL T
ReBOHL, ZBEBCLhOEELIEbET
ZWEL KD, LOAGbENRIERATHS
Dk HEBHRET L e,

xMElX Table 3RS ha- Rk hEH &
hBETHHY, RENWFCET 5L RER
ROMAWER R TR TETH S, 20 pMENKAE
W, TOMROE& AW B 5RBBEROEN
KEW, Bz BV xMEX S 5TATR
B, BERZERHHIDH2HO0F (BEM) %
HFTHEEIRKENET 2B, BRE p<0.05

Fig. 8 A case of aneurysmal bone cyst at the
major trochanteric area of left proximal fernur,
2lyears old male. Early venous return was
noticed. Subtraction X-P.

Table 3 General decision matrix

Test result
positive negative
malignant bone tumor m ns
benign bone tumor Ty n,

total cases=n,;+ngftns+n,
- (ryng=nsns)? (ny+ng+ngt+n,)
(ny+nz)(ns+ng)(n,+ns)ng+n,)

sensitivity:=

ny+ng
T4

specificity= m——
L th]

TEXDDHEF 25 xHEIL3.84, p<0.01T6.63
THHENZDOBREDOHET 2 2O X EHR I < 5
THLIRETH A, AP TE, EFTRORE
HENR2 OO THLHRENRD Y HELY
HALEHEE LT x2=20% K —F—-5 1 v &
LTl D B,

sEEEY Table 3 RIS IC T hEH
SR8 true negative ratio &Sk, 0D
B2k ¥ 2 false positive 23X < 723, i
bLEBCHREORVIIAAEOANE, B3
EA (ZZCREEESE LBECE3 (path-
ognomonic). Z DRFRE L yHEXEAELES
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itk h REEMMCE T, RERCHETD
CEELE»ZRNEEL, LrdEREBK
pathognomonic 7¢ff R & B O 32 & 2377 HE &
5,

L LEREDORVETRALT U b RKE sen-
sitivity BB Wb CiEin <, B LAEWZ &4 4%
WO 25705 1 DDOFTROFE TR
T84 false negative (R & L) 2% 7t
D, WoTHEEDZW I D - T IXpath-
ognomonic & z b B\ DT R & 2
B TCELHLEND DY, BEXLThLOM
ZEbRCREWTE«DHAAROAEEY 1
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REL, EFABCATSAXEEL, ThiH
HEHBLREEOHFERMHEHL C A,
L 8

BEWEBFIOGIC BT 2 T30 © Il &5 &0
retrospective ICHRE S, Fig. 1 w7 R EH
RoBESEAFZHES i (Table 4, 5).
soft tissue extension @I HiZBY L Tix chon-
drosarcoma, parosteal sarcoma, giant cell
tumor (periosteal) ® % 1 3 X ¥ hemangioma
D2 FUTHETREETH -7, ¥ 7= osteosarcoma
D1FIEED 21 2 v 7 BEL, avascular

area, early venous return @ ¥i%E NREE T H -

Table 4 Incidence of angiographic findings in the cases with various malignant bone tumors.

(I)—(VII): See Fig. 1

Angiographic
i I 11 1 i WV
No. of the e (1) o 2) (1) ((2)) (3) (1) = @ () : V)(Z) (1) ((2}) 3 VD Vi)
cases oy

1) Osteosarcoma 22| 2/22 19/22 22/22 18/22 22/22 22/22 19/22 1/22 15/22 17/22 5/22 0/22 10/21 19/21
2) Chondrosarcoma 91 0/8 78 8/9 7/9 9/9 719 5% 0M 6/9 4/9 3/ 29 6/7 4/9
3) Flbrosarcoma 2002 212 2/2 1/2 212 212 1z o2 1/2 12 12 o2 1/2 0/2
4) Myeloma 202 1/2 1/2 1/2 212 1/2 1z 02 0/2 02 22 0/2 1/2 1/2
5) Ewing's sarcoma 1101 0/1 11 11 111 11 01 01 111 0o o1 1 / 0/1
6) Malig. lymphoma 1]01 11 111 111 11 11 01 01 0n o1 11 on 11 1/1
7) Malig. GCT 2112 12 2/2 2/2 212 212 0z o2 02 2 12 02 0/2 212
8) Hemangiopericytoma 1 | 0/1 171 11 111 11 111 171 01 11 1 o1 on 0/1 0/1
9) Parosteal sarcoma 1 171 0/1 1711 11 1 o1 0/1 01 o1 11 / 011

Table 5 Incidence of angiographic findings in the cases with various benign bone tumors.

(D)—(VII): See Fig. 1

Angiographic
findings I II IV V '

No. of the ig m()(z) D ((2)) @) u)um':z) {1)( )(2) M ((2)) ® D oD

cases
1) GCT 10| 3/9 1/9 6/10 6/10 810 7/10 1/10 0/10 1/10 7/10 0/10 /10 57 810
2) Aneurysmal bone cyst 14 0/4 4/4 3/4 34 14 04 14 04 24 U4 0/4 13 24
3) Hemangioma 01 071 0/3 2/3 03 03 03 23 03 23 03 03 02 053
4) Fibrous dysplasia 14 0/4 04 04 14 04 04 14 04 04 24 0/4 02 0/4

4

3

4
5) Fibrouscorticaldefect 3 |0/3 0/3 13 0/3 2/3 0/3 0/3 03 03 03 0/3 0/3 0/3
6) Bone cyst 2102 02 12 02 22 02 02 02 02 02 02 12 // 1/2
7) Fibroma 101 o1 01 01 01 01 01 01 01 01 01 01 0/1
8) Exostosis 2102 02 02 12 02 02 02 02 o2 02 02 o072 0/2
9) Osteoid osteoma 3(0/3 0/3 0/3 13 03 173 03 03 03 03 U3 13 0/3
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Table 6 Incidence rates of various angiographic findings in the cases with benign and malig-
nant bone tumors. Chi-square value between the both entities, and specificity for malignant

bone tumor were obtained. I)—VII): See Fig. 1

Angiographic Malignant

Benign

B4 H10%

findings bone tumor bone tumor x S
D (1) 3739 ( 7.7%) 529 (17.2%) 1.5 82.8
(2) 32/39 (82.1%) 1/29( 3.4%) 41.1 96.6
(1) 39/41 (95.1%) 12/32 (37.5%) 35.3 62.5
10 (2) 32/41 (78.0%) 13/32 (40.6%) 10.6 59.4
(3) 41/41 ( 100%) 16/32 (50.0%) 26.3 50.0
1) (1) 38/41 (92.7%) 9/32 (28.1%) 32.7 71.9
(2) 28/41 (68.3%) 1/32 ( 3.1%) 31.9 96.9
V) (L) 1/41( 2.4%) 4/32 (12.5%) 2.9 87.5
(2) 24/41 (58.5%) 1/32( 3.1%) 245 96.9
(1) 24/41 (58.5%) 11/32 (34.4%) 4.2 65.6
V) (2) 13/41 (31.7%) 4/32(12.5%) 3.7 87.5
(3) 4/41( 9.8%) 3/32( 9.4%) 1] 90.6
VI) 19736 (52.8%) 6/14 (42.9%) 0.4 57.1
VII) 27140 (67.5%) 11/32 (34.4%) 7.8 65.6

Table 7 Selected angiographic findings which had
both ;2 values higher than 20 and specificity higher
than 50%. When they were seen in a angiogram, one
point was offered to each finding and their summa-
tion were calculated in each case (Discriminative score)

(a) Soft tissue extension with rough surface ((I)-(2))

(b) Encasement ((III}-(2))

(c) Irregular blood pool ({IV)}-(2))

(d) Rapid tapering or abrupt termination ( (ITI)-(1))

(e) Abrupt angulation or rapid spreading ((II)-(1))

(f) Vascular stretching or curvilinear displacement ((I1)<(3))

e,

Table 6 K REMEFHICKIT 5 &£ RORKBE
E, »MEBXVORHRELXRT. x*>20L bR
BRE6FRTHAY, ThbrxBEMEKI O
scriminator & LC{#HJ % (Table 7)., 6 r %
BHREOBVIEIZI0% L EOBE, T0%L Lo
&, 60%LL EoBE, 50% L EoBao 4 Bz
SO TGERLUEAE DY, SBREEICE~ DEH
DY FIEHE ZRD, ToSMREBLHEET 5
(Table 8), :

AZR—REENO%L L o Fr R % di-
scriminator & L CHER T84, ThicdHT
BRTRIE, D—(2) soft tissue extension with
rough surface, III)—(2) encasement, IV)—(2)

Table 8 Diagnostic ability of discriminative score in the
four following situations: (A) Three angiographic find-
ings (specificity >90%)-(a), (b), (c)-were used as dis-
criminator. (B) Four angiographic findings (specificity
>70%)-a), (b), (c), (d)-were used. (C) Five angiographic
findings (specificity >60%)-(a), (b), (c), (d), (e)-were used.
(D) Six angiographic findings (specificity >50%)-(a), (b),
(c), (@), (e), (f)-were used. (a)—(f): See Table 7

A) discriminative score
01 2 3
malignant bone tumor 5 9 6 21
benign bone tumor 29 3 0 0
B) discriminative score
0 1 2 3 4
malignant bone tumor 1 5§ 9 5 21
benign bone tumor 23 6 3 0 0
C) discriminative score
0o 1 2 4 &
malignant bone tumor 0 3 4 5121
benign bone tumor 18 6 6 2 0 0
D) discriminative score
01 2 3 4 5 6
malignant bone tumor o 0 3 4 5 21
benign bone tumor 13 7 4 6 2 0 0
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irregular blood pool D 3FTRTH 5. thbDf
FIEBRRELRIEEEY &4 1B EL, EfEOH
A EHT 5, HBHEE 2 D ETefENY,
11264 961 (75%) DB TH -7, 00%
A34512961 (85.3%) NERWEERTH ~1c,

BE—HRENORLU EOFRREXERT 25
. ZhidsiEo 3FTRicinz € IID—) rapid
tapering or abrupt termination ®it 4 Ff B3
discriminator & L TR I3, Z0HEHIFIHE
B3, 4 Tix266I£p (100%) Bk, 2 Tl26lF
9l (75%), 1 Tl1HI 54 (45.5%) HEHT
BHotc, 0 TE24FIF 16 4.2%) PEHTH -
il

CE—REENOWL Lo ROBE, K04
Fr Bwehn 2 T ID-—(1) abrupt angulation or
rapid spreading @ i 5 FT B %% discriminator &
LCER SIS, ZoBaHfEH 4 L ETe6l
BHTHh, 3, 2, 10BAEREHILILF
h80% (8/10), 40% (4/10), 33% (3/9) %5,
0 TRLFIRKEEETH - 1,

DE—RHEENOBL Lo REZERT 555
TCHEo 5 Bz TID—(3) vascular
stretching or carvilinear displacement %: di-
scriminator & LTHER Eh5, Z OBFAHIFE
5Ll ETefiEMY, 4, 3, 2 T&%80%(8/10),
40% (4/10), 43% (3/7) B &Lizh 1L Tt
BIRVEEE & 725,

WL kD 4 BB LTHhD, AETI5%
PlEDERTIEL < REELZ K LE 2 0333
B2, 3OBEOZTHY, T36IF2741(37%)
NZhEFEY LT, BETIHSRU EOHERT
EZ I3 0HFIEE»0, 3, 40HBET,
ZRIZET B b D X736Ih504] (68%) TH -~ 1,
FRIC L CCERTIHFIRE 0, 4, 5HEML
4461 (60%) HZ BT 5. DETIRHZHELK
0, 1, 5, 6MEEYL, 4661 (63%) Mz hic
BT5. DEogX VEBEROCIAEBERDE
RirgthELied, bbb HmEEH ST
1%, (a) soft tissue extension with rough sur-
face, (b) encasement, (¢) irregular blood pool,
(d) rapid tapering or abrupt termination @ 4
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FFRPREMOHECEETHS, UBOEFD
B2 CBERETITV, Table 9, 10ic &%
BHIDF FEE T,

R BB ORFERRT R o\W TR 5,

1) osteosarcoma (3 21iE # T220E o Il & & &
BT IR T 5, 5, Fi#id Table 1 0=
m<chB, 10 multicentric osteosarcoma
DR TCEKRERE L EREIC 2 BnEEYELZIC
W5, FBEMITAEE M, BE6, BEE2,

Table 9 Discriminative score of malignant bone tumor

Cases e N——

0 1 2 3 4

1) Osteosarcoma 22 0 1 3 4 14
2) Chondrosarcoma 9 1 2 0 1 5
3) Fibrosarcoma 2 0 0 1 0 1
4) Myeloma 2 o 1 1 0 0
5) Ewing's sarcoma 1 o 0 1 0 0
6) Malig. lymphoma 1 c 0 1 0 D0
7) Malig. GCT 2 0 1 1 0 0
8) Hemangiopericytoma 1 o 0 0 0 1
9) Parosteal sarcoma 1 o 0 1 0 0

Table 10 Discriminative score of benign bone tumor

1) Giant cell tumor 10 3

2) Aneurysmal bone cyst

3) Hemangioma

4
3
4) Fibrous dysplasia 4
5) Fibrous cortical defect 3
2
1
2
3

6) Bone cyst
7) Fibroma

8) Exostosis

Hlo|o|o|[o|o|o|~|km]|—~

oclo|lc|loc|oc|oc|o|e|ew

o|lo|o|lo|lo|lo|oclolo]|w
=1

9) Osteoid osteoma

Table 11 Relationship between bone sclerosis and
tumor staining in osteosarcoma

= Tumor
staining hyper stain  moderate stain
Plain X-P ™
sclerotic 8 7 1
Iytic 7 4 3
Iytic-sclerotic 7 6 1
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LigE 2, BF, BE, REE« 1 CEBHOR
LeRE LI ONISHTH - 7,
osteosarcoma [ EEARE, ETRY, BiMEE
DFRBHEIE <, %X hyper stain #RL7
(Table 4), FIFFEEIL 3, 4 L@ b DORE
(Table 9), Eifii X-P =T sunburst appearance
BEMHEFEECLILEROhS LEbATWS
239, MBI B\ T H & D spicula 1if - Tl
EHREERICA D ALEERL TV 5 0232241
d1 5 Bl R b hiz(Fig. 9), BHMl X-P Ttk
&5 5\ IBEEHE L vascularity DBIFT
B—ECHEABR b o (Table 11).

2) ¥ Iz chondrosarcoma Iz *2 \» T i X 5,
chondrosarcoma (% 8 4T 9 Bl D I E & #1317
N, FEIE5 M DT R, 405l LA 5
HTholc, MUREE2, EFE2, &8 K
7, BE, KEBES1Th-7, 1HNEHERE
FEiRcMESE 2T T3, EFMEOREH
EEi Table 4 /"7 T&H %, osteosarcoma
LT A L3 5 % T rapid tapering or

|I “:
o
£
A

a
Fig. 9 A case of osteosarcoma, 12years old male.
(a) Sunburst appearance was clearly shown.
(b) Arteriography showed numerous feeding arteries entered into the tumor
region along these spiculae. Discriminative score was 4. Subtraction X-P.

HAEFHS RS B43E BLS

abrupt termination, irregular blood pool 2%
osteosarcoma Iz % <, slight stain % chon-
chondrosarcoma 9 i = 4
{7 ¢ hyperstain % 7= L, slight stain it 2 ] ©
Botfe, HPFEH 3L X IFP 6 F, 1L T
3B & B D 5 e hib iz, Fig. 10113250
I CHFEEE 0 Th - k- aMEEZ I E
B CEME O chondrosarcoma & X .
T, KEIR0FOREBEFOEHE TH - 1o,
Fig. 11273i% D B #: TH BB 1= F4 L 7z chon-
drosarcoma T® D, HEHREIREN S 2 oiwE
#HEOMED, BIKEROBZFLR SN, HFFK
b AnDIANEBE, BEDROKFIC S MEE
EHhERTH - 16TCh 5,

3) fibrosarcoma (X 2 B/ THH, WTFhb AR
FHNEFIRFBOBEECTHD, HAHREEEL 2,
4Thote, 02 FITEBEIH L EEREH
nﬁﬁf%mﬁhﬁ%ﬂrworut Z0 14
% Fig. 12127,

4) bone marrow tumor'®it 4 I cH Y, Bih

drosarcoma 124\,

¥
¥

b
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!

b
Fig. 10 A case of chondrosarcoma with low grade malignancy, 32years old
female.
(a) Plain X-P showed irregular calcified tumor.
(b) Arteriography (subtraction) showed no pathological findings except
vascular displacenent. Discriminative score was 0.

Fig. 11 A case of condrosarcoma, 73years old male.
(a) Arteriography showed hypervascular bone tumor of right ilium. Note the
pathological vessels at the iliac wing. Discriminative score was 4.
(b) After irradiation (6,000rads), tortuous vesel was dirninished and avas-
cular area was enlarged. Discriminative score was decreased to 3.



1176—(12)

Fig. 12 A case of enormous fibrosarcoma in left
proximal femur, 55years old female. Capillary
phase revealed large intensive tumor stain which
showed eccentric extension to medial site. Di-
scriminative score was 4.

B2, =—1Av7ABELE, B v~E146
Thote, MEEZ Table 4 RTMSTHY,
MG 2 mA 3, 148281 6IT, ¥ 7 mod-
erate stain (% 3 fl, slight stain 73 1 T -7z,

5 Et:EMRE 2 fIT, &b KEREERL
W bRBEL T, HEEREE 41, 2TH-
7o, BEOMIMEEF T CEMEOREGHE &
¥E & iz, REEZ M © 135 aneurysmal bone
cyst EZWr X hich, FOBRBEEFT~OEBYF
feL, R BESEMRE L 2R S h T35,

6) hemangiopericytoma i 1l cH bH, REIC
RELIIOTHY, FRREFNEREYRL,
B~ o NEE ket b 24 L, hyperstain T
Hoto, HPIFEHIL 4 TH -T2,

7) parosteal sarcoma i 1 FITHH, ZhIEE
BEESEOES &\ 5 = & TYsoft tissue extension
COWTIHERLT WL, ¥AEHZ 2 T
slight stain #/R LT\ 5 (Fig. 13), BB

HARFMERF LML B4I3E FL05

XPETHBOD5BERLEE I+ T ICTTEE
—H O MEEEOFRER RS,

W BEFEBILOWTHRR B,

8) giant cell tumor (X 9 FITH H, 10E D I
EEIfTHI, 1 PIRFREERE LBELYE
AT Twb, WA KEE 3, BE 3, HEE,
BEE, $HE4 1 CERBICBELCLDN T4
kb ie, giant cell tumor ®IME ST R
Table 512733 < TH Y, 70%7%° hyperstain %
7~ L., abnormal vascular course #7~3 % D23 4%
¢, early venous return % 80%ic &b+ 7z, soft
tissue extension I% 9 4 Plic R bhich, %
@ 3l O 3 H 1% smooth T H -7z (Fig, 14).
giant cell tumor (Z¥IFIFEE 2 JmA3 341, 1 454
lEBmnbong <, BEEE L oGP HE
7rZ &M, giant cell tumor CHIFIEH M E
CEMHEELOEJNAMEE AL EH
hyperstain “C® %, — B EE T hyperstain ©
BE, I3 EDOD DiRTI% % G, giant
cell tumor DM LXK ELERLEDD, L Db
T soft tissue extension with rough surface s X
U encasement DRBRC A X RERNR S h,
hypervascular malignant bone tumor (244D <.
BULTILE492%, 88% DR TR LA DX
., hypervascular giant cell tumor ( 7 ) T3,
TR RIEE 4« 14BIC R B BB E 7o\,

9) aneurysmal bone cyst X 4 I THH, 4
B BE, KBREKET, BE, BESL L
T\, 14lix moderate stain, 2 fliX hyper-
stain #7375 L, &b @ 1% hypovascular pat-
tern T# - 7z, early venous return (% 4 #iltb 2
R 6htc (Fig. 8),

10) hemangioma % 3 I CFRE, HBERE,
Fi#% 1, 2 ©v+ h b hemangioma
cavernosum & ¥|B Lz, £ 5 b o 2 i
hypervascular TH b, ZDOIMEEA =HRRKD %
WIRBER T2 smooth I /e » Tk H, FiEwr
HEINATR L& 2 bhic, o 1#1Ti4< vas-
cularity #FR» 7 ds o 1z, BEHRIERIC X » EH
irdiEFx RicHilz Fig. 151CR7,

11) osteoid osteoma (X 3 TH Y, FHALIEEE
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Fig. 13 A case of parosteal sarcoma, 15years old male.
(a) Plain X-P showed extraosseous bony mass which is characteristic to this

disease.

(b) Angiography (subtraction) showed slight stain at the periosteal region
and displacement of popliteal artery. Discriminative score was 2.

Fig. 14 A case of giant cell tumor at left knee, 22
yvears old female. Late arterial phase revealed

smooth soft tissue extension (white arrow) and

early venous return (black arrow). Di-
scriminative score was 2.

F 2, KEEE 1T -7, 1401 cortical thicken-
ing OFALZ—F LT slight stain 23, o 1
£ -C bk nidus 1= — 3 L T ¥ ® moderate stain
@7 (Fig. 16). fio 1 Fli% no stain TH -
7o,

12) Zoffio REEHEB (exostosis 2, fibrous
cortical defect 3, bone cyst 2, fibroma 1, fibrous
dysplasia 4) T4 < & hypovascular pattern ©
EEFRCZLL, HIBEI-ThE0ThHo
7z (Table 10), 2 @l ® fibrous dysplasia %
slight stain 8%, Z® 5 b 1 T2 soft tis-
sue extension with srnooth surface % F%, il
@ 1 Hhizix worm like and saccular dilatation »3
R bk, fibrous dysplasia BL4d o 8 58 =it
abrupt angulation or rapid spreading, spiral or
tortuous vessel, vascular stretching or cur-
vilinear displacement %@ abnormal vascular
course D L&D B = &4 7 (Table 5),
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a

Fig. 16 A case of osteoid osteoma, 18years old
male. Late arterial phase revealed circular tumor
stain at the radiolucent area (nidus) in bony

cortex (black arrow). Discriminative score was
0.

1 )
§ 1
3 ‘
- TRy 4
N e T s
b i E " |

AAEFIRMRERME $43% ®105

b
Fig. 15 A case of hemangioma cavernosum, 37years old female, which was
histologically confirmed.
(a) Late arterial phase showed multiple saccular blood pools in the
acetabular and ischial region. Discriminative score was 0.
(b) After irradiation (3,900rads), multiple blood pools were diminished.

4, # K

FEEOZHINCH W TMEREIIE L 1670
h, ZTOWELHL Y, ToTh b Eh KT
e L TomEREOR AL TERHNE
WO L L ERBOFEA EL, SERBEIIC
BHIRNEDOBER bR E WD & LR~
NTWBRTTH H1220 LR EFMEEBO
AR REROHECERTHY, HH WL
FOFREYEAEHL R TEMHT NI L H &
oW THEZ B I8 CEENICEHR Ui i
A RN,

AR TROFTRECROhAERETROR
EMAEl X OoER (B BREoBRE D
WTHHL, RCEDFIROEAEHLEIELE
e &5 L1355 o\ THRE LT,

SEER Y LR RE4FTRcH b0, BE
MEBFICH T 5 h b ORBFERE, (EY, &
REDOLEH L, BAAEOBVITRALT
LEBWEHHEREA S AOLT LT 2D, 4l
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#¥, VD avascular area (ZEH#EFES52.8%, B
BHTR.IBIEONEY, b LZOFTROFET
BEMZHEL XS &ThiE, false positive i
42.9%, false negative 1347.2% & e h iR DO\~
7=z &iRiebicw, {HL, ID—(@3) vascular
stretching or curvilinear displacement @ X % iz
EURCTOREAERN00% &\ 5 X 5 nfeicil,
L LIOFARAR AT WEERERIE L 8
WEWS ZERE LS, BEE X true negative
ratio L EFR I W TWLAHETH H 2, Zhiz B
Berd2REBRRIMBGER IR T,
B 2 X D—(1) soft tissue extension with
smooth surface (3B FECRBLERLT7.2%, HR
EE82.8% Lino T\ 52, EMB R 5RER
b7.7% L HEIIELS, TOMRAEREERRL, 2
DOFWEEHCHPTHHEEL X0 BRG, b
LEBRERTHIZEL, Lrd pMEdRBFCE -
HEEZRTHR DI, ThxBERETEEICR
BEIELS, LrbREFICIBEIVEL )
Z & TT4/5#E L5 % pathognomonicity %7 L
TWbEELD, ARFRTIRZD L S BRATRE W
OB EHLREBZ LRI VREE LED L
LBMRYAEEhBD o L2557,

FFIHEEOE - 0%LE) FIRE2ELE
R ARTIRHGIEEZ? 2, 30HE, BRI
BEHEEF25. LrL00BESEEEES/
34 (15%) €¥hsz ichh, +okEEEY
boTRULMETHZ LXTE v, Z0¥Fl
BHORLO 1 (VIEHEHER) BT 5EMI46
BT, &REMD63%E 5,

- BREOEVCHTRZELELEICE (60%LL

L), DE GO%LILE) TEMFEY R L HW
(fase negative) 35 Z &L idig\ AN HIEARBERE (C
ECHFEHL, 2, 38, DET2, 3, 43
b & 429/73 (40%), 27/73 (37%) &%\,

BE (BRETO%LE) THIBIERK3, 4%
BHELTHEI0BIELBHEhEZ Litikh,
0%EMETSE 4 %DEZ (false negative) &
Y, FECREEL LA HFBLBB VL
Efen, FRHIBIFEE L, 2 OZWIARER b Ll
By 7o (236131.5%).,
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kXY, BMEESHOMITICHic» TIEBE
DERLVEHLEZ, BREOBEVWIHIREZM LT
DHELSZERIE L &3 Sk s
NETHB, BERESE Table 7)), (b)),
@, () 4FTED53 B 3 2L ERbhc/s B
t, 2<ERbhltThiERE L LTR, $12(),
(), (© DO B2onRbhAEETEMR L L
TRV (At X %), ¥z abnormal vascular
course @ 2 fif &L (e), () (Table 7) »\FAB R
bhlWBHEBBEREIZE L& L5
25 (DEL?B),

XEERT R (2, (b), (), (d) P EpkREE
WWRERMZR S5h, ¥7 tumor stain, vascular
displacement, early venous return (ZIEE T
H5BEVIFEIMIZE H\ D2, —F abrupt an-
gulation or rapid spreading “° spiral or tortuous
vessel b tumor vessel & L CEMEE IR
THHEIIY, ARREIRLLELHE s h
T3, THIFERD MBS\ Tik, &
TRE, B8R, SHoRESE JIECE Y -
CRES 23, tumor vessel, pathological vessel
ELT—BELTUEREMLCE D EELLAR
5,

soft tissue extension X Yaghmai iz X - T
ARENEFHRTH Y, Bl X-P e CTERE OB
BEHFA LRGeS fEflc b Roh, B
HEEYFELRSFEHAMR LS, ZhidE CT
BETOBERIED LI, 2HEBEEO L TE
HEigm®E 5 2T b, giant cell tumor =
aneurysmal bone cyst IZ35 T EEE M EE L,
tumor B3ELFEL WV RE L TR L 2HE, F0FE
HLsmoothTH 5 & & 4% <, soft tissue
extension with smooth surface & LT rough
surface & 138 - - WiflEZ A L, WEOHE
BHEICEIhbsRETH 5.

MEEFIC L > TREHOHFNII LB THHEKE
HREBZ2 ECT T LR THD L EDN
TW5919 RKPFFRIE T S B 5 REOHEME
HEHEERZLETD, SHRNREHITRTTET
Hot,

ERIEE 3 — R vascularity 24 & <, &P
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#>1) osteosarcoma 1235\ ~"T i hyperstain 77%,
moderate stain 23% & Z OfEFE A <, £Fial
# %~ LT\ 7o, chondrosarcoma, fibrosar-
coma D¥# ¥ X O 1 D hemangiopericytoma
T3 vascularity 23& <, ¥FIHEH I KE L, Th
LRMEEF TEWCENTHIC LXREEE 2
bh, BEICHi » TRBEWE, FRx+oIc
EZRBCANDLENRD B,

chondrosarcoma T % vascularity 23JE# 1 (£
WhohHH (22%), HEHEHLEL RERFLO
HIBIHREE TS B DD, FOEBIRLERE
HMEWVEEZBRTW5,

FHilE =—1v/7AE EEY v EEWD
¥ % bone marrow tumor Ll D HEMD &L
PR, BE R\ LPEE O vascularity &
AL, HIHEEITLF 1L 2 &t Tikh,
BEWEZERNTAHZ FREETHY, FL-EHER
HLoENLMECS EEbh3,

BHEEETE vascularity 7R L7c b DX
giant cell tumor, aneurysmal bone cyst, heman-
gioma TH 5, {£3k, ME &L T giant cell tumor
& aneurysmal bone cyst DEFIEARATEE L B
TR, KPIRTLHEXEN LEBLHFR
R e 570, giant cell tumor 3L OF
aneurysmal bone cyst TEMIEE & &7 H R
8 & 7% hypervascular tumor Ti%, malignant
hypervascular tumor 12t LIFIHEBAMEL, &
hbTEREDE soft tissue extension with
rough surface, encasement D FHEHFEHIEL & \»
5 L CENITWELE 2 bR B, aneurysmal
bone cyst % giant cell tumor Tl cystic blood
space R BB & OHE N L\ p2e Edp
B TG I RBRRBA A\ ICERR b &
\, diffuse 7elEE L LTIRL bR D Z LS
s,

hemangioma T 3 fi 2 HCLEEHF b 2>
A & HRD B\ IZBER D blood pool 234 &
BLTRLA, KEORKEHATRIYLE 2 bhi,

giant cell tumor, aneurysmal hone cyst,
hemangioma Tl¥4 { vascularity ZRE 7 b
D& 4 20%, 25%, 33%i R & h, hypovascular

BAREFEHMBFEEMIE B8 105

pattern DFFICD T bERATEHZ T
ORI BEETRETH A,

osteoid osteoma X nidus = — 3§ 5 45 8y
7£¥circular tumor stain 2° 3 #ilth 1 Flic B 5
h, MEROKXTCAHRIELBW LB, ZITKIE
DIRER%E 25 L TRRODHMRATHD - 7,

hypovascular benign bone tumor?? & L T 4@
D #E8 Tl exostosis, bone cyst, fibroma 23251
bh B M, IR ©iabnormal vascular
course & D 3ol vascular displacement 243 7o
RT, BWcERIETTETHh, Tl A HfHl X-
PR @+ &g Thsd, BMXPreT
osteosarcoma = {8l L 7z fibrous cortical
defect? b FH MEHRIL A Hh 3, osteosarcoma
EDOENIEZTH -1z,

fibrous dysplasia 4 v 2 fi 1% % E o vas-
cularity B@® bR, 0 1 I TiEsoft tissue
extension with smooth surface /%4 — v &7R
LT\ e, fibrous dysplasia 13 /RZE DA B RABIZ
IhE«oMEBRLET S LT b,
moderate stain %7 L 7z 2 % active stage IZ
HotcbD EHET I B, soft tissue extension
BR O 1P TRBEERE X b ¥ i L T path-
ological fracture 23BI-5 L T\ 5 T BEH: 12+ 51z
Zirbhic,

MEBRYZEFRDROUEC S ERHTH H ™,
chondrosarcoma @ 1 FICHHIFIFEE D 4 55 3
~ &, U, avascular area % 5K L, hemangioma
@ 1 X blood pool A L, WHME /&
{TxaTWi,

LLERRTER X 5, BEEOZHIZISVT,
MAFHPIFMRT T H R bEFOLY Y, B
Bio¥E, BUHEOHE, SLIBEEDHROT
BICERREREREL T ND, SLSEIA
KEFACEBRENOETEY I AERSA N B RE
PbDEEZDOND, FBENT-TARZRBLC
DHBHIR S CERMLLEEBRSBCY L TTH
h, TOERE I SEIh TR, Fad EicF
B LREORA LT, bIBEOHFRKE
PHERLTS,
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5 & &

BFE10ERNC IR FtE B EET0HIC 3 L73E o [
FEYHThhic, ThboBTO»l4FTRY
HUH L, &£ R o REMETFICR T 5 BEHE,
xME, BREYEHL, ThboZEEEx ik
L7, ZOHRE, (a) soft tissue extension with
rough surface, (b) encasement, (c) irregular
blood pool, (d) rapid tapering or abrupt ter-
mination ® 4 FT RAREHOHFIER L E 2
bhie, ThHLOFRNRELhIEHEEY 1 HET
5 &, roaFHRGHIFEE S 3 AL ET100%
(26/26), 2mT75% (9/12), 1545% (5/11)
TEMERD, 05TIE96% (23/24) BM & D
ROEB/ LR, &K B A T IXosteosarcoma,
hemangiopericytoma, fibrosarcoma, chon-
drosarcoma 1 FIIEH I B BB CER L2
WiLB20, S HIEATHEHBZMCEN TS
L L M8 Ho7c, chondrosarcoma @ — i =
bone marrow tumor TR MRS & EHEEE
7oh DPBH o7z, benign hypervascular bone
tumor & L Ti% giant cell tumor, aneurysmal
bone cyst, hemangioma %738 X - H3EBIE
BIE A - 72, benign hypovascular bone tumor
& L Tix bone cyst, fibroma, exostosis, fibrous
cortical defect £ & T bh, MEEE CREN
REERTLIZ LR TEhd o, FmERY
EHHREEDROHEBICIFEREE 2 bhi,

MELBEhich, ARECEBI R EE LR
JEREBSHRESEBE I L OBHAREHEOHEET
B LET.

AL OEEILH66E] B ABEZHREAILE K&
BTG L,

X W
D MERE | EEEOMBNBNIEL L ORE—#
L EREECoOWT—, BHENHE, 26:
289—301, 1975
2) Begg, A.C.: The vascular pattern as an aid to
the diagnosis of bone tumours. J. Bone Joint
Surg., 37B : 371--382, 1955
3) Herzberg, D.L. and Schreiber, M.H.:
Angiography in mass lesions of the extremities.

Am. J. Roentgenol. 111 : 541-—546, 1971
4) Strickland, B.: The value of arterography in

5

—

6.

—

=

8.

9

13)

14)

)

15

.

16)

17

18)

19

) Sasaki, T. and Sugiura, J.:

) Yaghmai, L.:

1181—17)

the diagnosis of bone tumours. 32: 705—713,
1959

AR, I K, BEAGTT, EEmE B
HRMEEE 1861 (REMI3), E-%E-4f, 13 451—455,
1978

Josph, M.M., Richard, H.G. and Ralph, C.M.:
Bone tumors-Diagnosis and Treatment. pp. 51,
1980, J.B. Lippincott Company, Philadelphia,
Tronto

Feldman, F., Casarella, W.]., Dick, H.M. and
Hollander, B.A.: Selective intra-arterial em-
bolization of bone tumors. Am. J. Roentgenol.,
123 : 130—139, 1975

Pipberger, H.V., Klingeman, J.D., Cosma, ]J.:
Computer evaluation of statistical properties
of clinical information in the differential
diagnosis of chest pain. Method. Inform. Med.,
7:79—93, 1968

in#k M, Lodwick, G.S. . Computer analysis of
bone tumor roentgenograms using discriminant
functions, AAER%EE, 31 1007—1025, 1971
Serial macoran-
giography applied to the study of lesions of the
extremities. Clin. Radiol., 31: 327—333, 1930
Angiography of bone and soft
tissue lesions. 1979, Springer-Verlag, Berlin
Heidelberg New Yrok

» Chiappa, S., Galli, G. and Gennari, L.: Vas-

cular Roentgenology. pp. 469—478, 1964. The
Macmillan Company, New Yrok

Voegeli, E. and Fuchs, W.A.: Arteriography
in bone turnours. Brit. J. Radiol., 49 : 407—415,
1976

14) McNeil, B.]J., Keeler, D.E. and Adelstein, S.
J.: Primer on certain elements of medical
decision marking. N.Engl. J. Med., 293: 211
—215, 1975

Sullivan, D.C,, Taylor, K.JJW. and Gottschalk,
A.: The use of ultrasound to enhance the
diagnostic utility of the equivocal liver scinti-
graph. Radiology, 128: 727—732, 1978

Lusted, L.B.; Decision-marking studies in
patient management. N. Eng. J. Med., 284 : 416
—424, 1971

Kesselring, Penn, W.: Radiological aspects of
‘classic’ primary osteosarcoma : Value of some
radiological investigations, Diagnostic imag-
ing, 51: 78—92, 1982

Schajowicz, F.: Tumor and tumorlike lesions
of bone and joints. pp. 243—302, 1981, Springer-
Verlag, New Yrok, Heidelberg Berlin
Yaghmai, [.: Malignant giant cell tumor of



1182—(18)

the soft tissue: Angiographic manifestations.
Radiology, 120 : 329—331, 1976

20) Meschan, I.: Analysis of roentgen signs in
general radiology, Vol. 1. pp. 362—363, 1973, W.
B. Saunders Company, Philadelphia

21) Dos Santos, R.: Arteriography in bone
tumours. Amer. J. Bone joint Surg., 32B: 17
—29, 1950

22) Yaghmai, I, Shamsa, A.Z., Shariaf, S. and
Afshari, R.: WValue of arteriography in the
diagnosis of benign and malignant bone lesions.
Cancer, 27 : 1134—1147, 1971.

23) Ney, F.G., Feist, J.H., Altemus, L.R. and Or-
dinario, V.R.: The caracteristic angiographic
critieria of malignancy. Radiology, 104: 567
—570, 1972

24) Kauffmann, G.W., Stercker, E.P., Bammert, J.
Meyer, P. Wenz, W.: Angiomorphometry in
malignant tumors and inflammatory disease.
Investigative Radiology, 15: 475—480, 1980

25) Levine, E., Lee, K.R., Neff, J.R., Maklad N.F,,

BAEFHHRELME H43% H15

Robinson, R.G. and Preston, D.F.: Compari-
son of computed tomography and other image
modalities in the evaluation of musculoskeletal
tumors. Radiology, 131 : 431-—437, 1975

26) Heelan, R.T., Watson, R.C. and Smith, J.:
Computed tomography of lower extremity
tumors. Am.]. Roentgenol., 132 : 933—937, 1979

27) Lindbom, A., Stderberg, G., Spjut, H.J. and
Sunngvist, O.: Angiography of aneurysmal
bone cyst. Acta Radiol., 55: 12--16, 1960

28) Billings, K.J. an Werner, L.G.: Aneurysmal
bone cyst of the first lumbar vertebrae.
Radiology, 104 : 19--20, 1972

29) Lindbom, A., Lindvall, N., Séderberg, G., Spjut,
H.: Angiography in osteoid osteoma. Acta
Radiol., 54 : 327-—333, 1960

30) Lin, J.P., Goodkin, R., Chase, N.E. and Kricheff,
II.: The angiographic features of fibrous
dysplasia of the skull. Radiology, 92: 1275
—1280, 1969




