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Insufficiency Fracture of the Pelvis after the Radiotherapy
for Carcinoma of the Uterine Cervix
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Bone injury after the radiotherapy for carcinoma of the uerine cervix has been reported since early
days of this century. Recently, the concept of insufficiency fracture has been confirmed.

Insufficiency fracture is one of the stress fractures and occurs when the elastic resistance of bone
is inadequate to withstand normal or physiological stress.

In the Americarn and European studies, radiotherapy is known as a cause of insufficiency fracture.
There are no reports on insufficiency fracture in the Japanese literatures.

Four cases of carcinomas of the uterine cervix presented pelvic insufficiency fractures following
radiotherapy.

In the pubic bone, a vertical parasymphyseal fracture with mixed lytic and sclerotic changes of
surrounding tissue is characteristic.

Sacral insufficiency fracture shows a vertical or horizontal line with lytic and sclerotic
appeararce.

Bone scintigraphy is a sensitive modality for the early detection. H-shaped configuration is
diagnostic for sacral insufficiency fracture.

CT is an accurate technique demonstrating a vertical fracture and excluding the malignant bony
lesion.

Although radiological findings of insufficiency fracture are similar to bone malignancy, differen-
tial diagnosis from malignant lesions is possible. Bony symtoms of all patients disappeared without
specific treatments.

In the follow-up study of patients with carcinomas of the uterine cervix after radiotheray, it is
important to have the consideration on insufficiency fracture.
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5. L LEBaTicie b BEERSHR T FEHE
DEEFEBRLECERENR IS ZLFAREEIRD
X owin oty

STREROHADOEB BFICINDbE Z LI
Y o THETHEIEA L v AEH (stress frac-
ture) EFRIENBY, ZOA bV AFIFEEOFRLE
HRPL 2D TBEZENTES, 1 DIHEY
B (fatigue fracture) T, % 9 1-2>i¥insufficiency
fracture® (LLF, IF £BET) TH 5.

FEHFAT & GIER OBEIEN Y b o8, FE
BB O NN o fclcdici @l 55 DT
»h35,

— A IF 3EEEROET LicEic, S8
EHOBIONBREL TND S Z EDFERTH
5, IF L5 AERECKORICIZ AV G R T
5983, A TERLEEE|A L FY RS &
\, insufficiency (374 SR LB S P, BRI A2F
#iX incomplete fracture rix L THWV BT
%, ATk insufficiency fracture (IF) & JRZE
DEFHAVAI LTS,

IFOFERREEZEORBICITRA L D%
FehTw5BY, BEHREENIF 0RO 12T
HBHZ ERBLICHRELH D, Lo LA TIX
ZOIF & BEEd — MBI TRe L, BUHBRE
BEOCRRTHD = & MEI LT LIz,

Bolt, #HEFEBEORMNBEEREKT, 0
IFick st BbhsEBBN LR LIEMY
BRLI-OTHET S,

I. 5 &

19784E 5 B X © 19874 8 J3 ¥ T HARIC Bt iR
BEAY T - o FEERIRE, W, MBS
PEEDH 3020 DIFE - o, HERER, SRS
WITRZBE R INES LMR15SIC X 510MVX #
A, BERRBHIZIE CGR #857Cs &R (F
A BEEE GYNATRON % Hu 7z,

RiGRH OGS ISR & ERRHOHHE Y
FEAIE Lic, #AABSCET2B8 i 2
F9 (EE# A % Z16cm X 16cm) TEELIHHT:,
BHEIISOOAZEIScm OB 7 vy 2 T
Wol-8EEE LT, PREFRICE VST = v
73 EEH5ecm CT7 4 V& v F —TONEH4em

(46)

FE R O R SR G o insufficiency fracture

Db DTH T, PIERIFER & L THBELDO
BHEOEFHEEZ T4 503053 I TR
Bote, 1HHEL.8GY T2 LR UC AR
HLTe, BEE I OE TI254Gy T40~45Gy
LB i h s FAu o, Loads L19864E LI it
30.6~36Gy LAk hdnifix AT, BRER
50.4Gy & Lz, BB L -oTHLEEBDO T 38
BRI S B -1,

e B8 #H iz 1 Fletcher-Suit o 7 7 v # — #
PERA L, £ v 7 a3 EAR (19794)
DFRESHEEH33.0X10° Bq (80mCi) 2:57.4%10°
Bq(200mCi), E#E % h % h32mm 52 &80mm
FTOTEEDYCs HFELX AV, DS HER
L7z D 2 4REFRES . 1 X 10° Bq (140mCi), E5hE
S56mm DFRFETH - 1z,

A PRI EHENTC20mm T, HE
AW DR IRAEEE 535.6 X 10° Bq(15mCi) A2 2.8 %
10° Bq (75mCi) %o 5 EED¥Cs HiF % & —
dgTFofvie, BAE A LIz, (FIREEE
2.2%10° Bq (60mCi) DETH -1,

A B TOREFRITBETIELHI00cGY TH -1
05, BOE TRBIEOREE b H - 180cGy & 't
fo. BARHO A SHREEHEOEIL25~40Gy/
1~ 2 BITCH - 7o 5319864 LI 230Gy /2@ & LT
ABH oS EETEIC L BT OETRLK,

IF oW 3 BURRBREOFBICRET 2 H
T, BE THMEE, IETIEEGED L < EE
THEFREDY, MELLOFRIN L, Eh
RIREA»L S FERBOBEIEEE L, CT
EPLSEMFRENRMA LI B b E L,

FSHER O RIS B X 5 &+ 5 EM O BEET
o B A E e, CMS #8l U MRERTE A =
v ¥ a—#% MODULEX ZH\WTEH Lz, ##
BHEHOBREFFEITRBYBHTFO 7275 2%
Wiz, BRSO FOBERL. 2g/cm®: LTEHEY
Tieote, BRESHOREFTE S MODULEX @
ERBEEO T e 75 AR i,

FORPREZ EEROFTEIC L » TRD IR E
B E KD pan/p DI LOMVX 8, AMVX ¢
1%0.96, '*7Cs T120.97) #HFCEHL %,

FORELYRD DA, RECEWTRERT

AABRAE #50% 5108
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HIEEG 1 THAETHEHFVIEO LI HIEE -
TR Y, BHHLOIE LA S55mm T e
BRobREE L, —HUEBCE W CTEBIEN
it T HHER, FIFHO LESmm T e IE#
BLVImmEH & L, BETIBEHROES
&, BFESOMEEPHKL, #EL D 10mm #H
&L,

A, Posterior bone scintigraphy of the pelvis 8
months after radiotherapy shows abnormal
spotty activities at the bilateral sacroiliac joints.
There are no abnormal findings in the plain radio-
graph of the pelvis at the same period.

1245

III. & g

19894 7 A OB ¢ IF & W & Wi SEFNLEL
BE2H, B 2@ 40RO SRk
(Table 1),

[FESI 1, 605519834 1 A ftbb: ©F = 3% 1Ib
H, PEESMERELEEEEZH SN, 2 A
8 H X hEEI R T EBTICAMVX RO w1 #
%fF 2 FIEES (16cm % 16cm, 45Gy/25[E/39H)

B. Plain radiograph 9 months later. A vertical
radiolucent line (4 ) appears at the upper part of
the left pubic bone. Mild sclerotic change accom-
panies the radiolucent area.

C. Plain radiograph 13 months later. Bony changes
become remarkable. A parasymphyseal vertical
fracture on the left side is completed with lytic
and sclerotic changes of the bilateral pubic bones.
The bony lines of the symphysis pubis are not
involved.

R 2 4F10A25H

(47)

D. Anterior bone scintigraphy 13 months later
demonstrates increased activities on the bilateral
pubic bones which are partly obscured by the
accumulation of radionuclide in the urinary blad-
der.
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F = T o FEHE S & o insufficiency fracture

E. Posterior bone scintigraphy 13 months later.
The uptake in the body of the sacrum is added to
the bilateral sacroiliac joints. This finding is
called as “H-shaped configuration”.

WAk R "

F. CT 18 months later demonstrates a fragmenta-
tion of the left pubic bone (4) without the
evidence of soft tissue tumor.

G. Plain radiograph of the pelvis 4 years later. The
findings of the pubic bones are not changed
compared with the previous study. There is
diffuse sclerosis of the sacrum without finding of

fracture.

Fig. 1 Case 1. 60-year-old woman

fTicbhic, hREREER SR TV IV, £
DHIENBE DD YBhC AR Lic, FERBATI
3A30BL 4 A2THD 2EKED, A SRETE
NEN25Gy/25hr & 15Gy/23hr % RS L 7z,
F4E11A Facis b GRBIERA B, 1281

(48)

LB LB IC I T ORELA E DiRENE
B Licot, COBDOEr 7 574 (Fig
1A) xRl oL BB NI - 2 BRI 2B %
BROHD, FROBEMERICIRTZRDIehr -
7 e

HABEMRSE $50% 2H10%
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Table 1 Patients Characteristics

Cases 1 2 3 4
Age 60 y.o. 66 y.0. 66 y.0. 72 y.0.
Age of menopause 28 v.o. 30 v.o. 48 y.o. 45 y.0.
External irradiation 45 Gy 56 Gy 45+9*Gy 30.6+19.8*Gy
Intracavitary irradiation 25+15 Gy 25 Gy 20+17 Gy 15+15 Gy
(Point A)
Radiation injury
rectum (outbreak time) 11 mo. 10 mo. 7 mo. 11 mo.
urinary bladder (existence) (- (- =) (=2
Bone (outbreak time) 8 mo. 6 mo. 7 mo. 10 mo.
(sites) pubis sacrum sacrum pubis
Dose of injured bone
external 43.6 Gy 54.3 Gy 52.2 Gy 29.0 Gy
intracavitary 2.3+3.2 Gy 5.6 Gy 3.8+2.7 Gy 2.5+3.1 Gy

T ORISR L fc o, 19844E 1 H13
HEAR Lo, AW, TEBERBOBRO
Rixishotc, X REECRERBCHET 55
T, BREOTEBL, Bl R"EE LR
(Fig. 1B),

FRER A CEH O KRB BHEREREN 7= v 712k
DEEML, 2H3HBRE ok, FOHIKE
BEic X 5 RB88B YTl - 1.

LAaL 5 B TaICH Y ByvEH R OB 8 %5E
PIHE, ZRICEBITIISE A D - 7o, BEIE
HECRmfloREic, BLeBRENREL, &
EMC B Rz (Fig. 10). B HHE
EETB > THREL D, REESTITL SR
Tz, ZoBOE>vF 757 4 TIRERO
TBZBIERES, B IFEh#o RI £8whmz, HHlo
RECSERSHBR LW (Fig. 1D, E). %7
CTTRERBLENLERBOERYRD
(Fig. 1F),

BRI EEE L Bbhi s, BRENRB
HFACEEL TR MIEBERRELRD LR
C&, ¥ CT LRI HcEEEREY -
WiRWZ & D, BAHREEDE & E X W ER L
E’?x’ﬁtﬁ a7,

TOHRERBIBR A HEL T EAELEEITIT
TR VE T ot BHET 4ELEOM
MERETRRBEORBREELL, BB
HIc—8 L LR 21E - T\ 7 (Fig. 1G). &

ERE 210258 (49)

*using center split

EIRHET 1 ROBETEEREOBRLER
b BETH 5.

GEEFI 2, 66m%)1982E11 A FEFE b ¥, B
FEEREE S S hi:, BRI, ¥F12A38L
HIOMVX O RTE %M 2 Fic & 5 &5 &R a
(16em X 16cm) 73fAtA & h, B4 1 F198 156
Gy/28E1/48A T#T L7z, —7, %1 F158 1
REABET A &, 25Gy/25hr 21T/ -7,

BEPRER 019834 7 A 7e 0 MG EB o0 K
PHB LB S Lic, Bovs275 7 1 Ti
SR SRR TR D BB & B o IE R I 5
bh, \Wwb@wa H#MOLRL - (Fig. 2A)., —F
HFROBMERLCIWEIEELEL RS S &
i, ERiiiET 5 BRR13RS 5 hi (Fig
2B). Z DB o EEECHE I A, AR
BB L Lishote, ERIZI984E L Bicie b b ik
B LA, FOBITERBITIZIEHEL,
BEOBHEFENTlebhi:, BEETHRTED
BETEBRROBRERUEBRRD T,

EEGI 3. 667%] 19844F 6 F FE 385 IIIb#A,
RFLEEEEZH SR, 6 F158 & b 10MVX
o4 FEEH (16cm X 16cm) #ME L. 1 H
1.8Gy TS L, 45Gy LA rp R 2 77500,
8 A1 Hizh4Gy/30E1 /48 H CHT L1z, ¥ ikt
THRIIB & 8 A8 HiIc ASBELFNEFh20Gy/
22hr & 17Gy/19hr ORERNBE % 1T e - 7o,

19854E 3 Ricis b, HOEEH HARHEEOE



1248

Fig. 2 Case 2, 66-year-old woman.

A, Posterior bone scintigraphy of the pelvis 7
months after radiotherapy. There is a typical
“H-shaped configulation” in the sacrum.

B. Plain radiograph of the pelvis in the same
period. A horizontal line of the fracture (1)
surrounded by osteosclerosis is observed in the
sacrum.

OB L, By vF /57 4 TRIBCHE
O RIEBEY 2k, BROBEMERLTRABIC
B xR ohicd, BIFEEDbhih s
(Fig. 3A), LWL CT - TH 5 &, MIEICI
BB LIFCBERBRODD BRI AL
(Fig. 3B). £ #s Al £ v HlE S h, FES
Bicis s LRI LIAD T,
BEIFOE, 19884F 4 FicFRIROENE Y v
SEAVHEHEL, co-dRE T A2IEIIET L.
B T hebhiih-f, B ToOMMICFE

(50)

FE R O H AR o insufficiency fracture

A

i i |
* ok _
ol I ‘H; i !: |
B
Fig. 3 Case 3, 66 year-old-woman.

A, Plain radiograph of the pelvis 9 months after
radiotherapy. There are sclerotic changes in the
sacrum without evidence of fracture.

B. CT of the sacrum at the same period. There is
a line of the fracture (1) with sclerosis of the
sacrum,

FEOBRFOEBIBD LRIk,

UEEGI 4 . 728%) 19864512 A & 5 11Ib i,
BRLEIEL 2 S hic, 12A1TH X b RS
FEA B L7, I0OMVX #030.6Gy © 25 %R 5
(16cm X 16cm) & 777 - fctic, houlpiz X b
19.6Gy &8I0 L & 550.4Gy/28[81/50 B % & 54
L7z, 71987 1 ABEEC-2 A5 HD 2 Bl
D, ERBAY A SHBETI15Gy/1Thr 2%
L.

F4F12 81 s b 2 B b KBRS 1T D
RS L, ol 0B EHREIC
ABRTBIE ST, LALIMSEL ficieh &
FEL LEEVICBRIL T, T3 AREL e D aRBEL
7z,

HAEREEE #50% H10%5
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Fig. 4 Case 4, 72-year-old woman.
Plain radiograph of the pelvis 13 months after the
radiotherapy. There is a vertical fracture of the
left pubic bone with osteosclerotic changes in the
marginal region. This findings are similar to the
case 1.

19884F 5 A DB Mo Bt 5 H (Fig. 4) TlrE
B CREET S BEREVLE SN, BAEHOEEBSC
BEALE S HB LT, BEEESoBEE:
BEHRLWE L h o T, Z ORES TILERILE
RO R HIEE ¥ CREML 2,

T OBAEFEIHEER LBBE MBI RBEEOFERA’H
HOKRTH -1z, BHIRT SFEHROBETERE
DEFEOEEI L\,

Iv. £ £

19644 4 B D BT A BHE T B % Pentecost 59
AP VABHEEGBEHEIF &0 25084
L7 (Fig. 5). IF AP CTO¥AHRTOH
BEEXRTILE L v, — T2 b v AE
BEFBHORBEL LTHEbLhTW5, IFD2
WL B HERIE 7 & D58 & 72 - 7o BB & b T st
Wi LUHEHET 5EH % X3, Daffner?id IF
DFEAE L TE«0FEBEOIIC S EREIE Y Inx
T3,

IF 23MREC e 5 D, ERIRAYIC X 7 & h
BHERELDOLLVWLTHS, NBANCHEE
B L, 1978512 Georgen b2 M EE i B &l
BEFEL, SBEHCERFTEYITERL 2
Mole3PIZEME L LIThES, I
FEREMBZ X B L L, A GCTEBEDOE
15319844 12 Hall 59Xk b 4 #i &, McGuigan
LWL bh 1 FIHRE &R,

SERE 2 F10A25H

BN N

(51)
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Elastic resistance Stress Fracture -

of bone
e AN gy
N —
normal abnormal fatigue fracture
P  — > 3 i’:____‘:}
impaired normal insufficiency
or fracture
physiological

Fig. 5 Schematic illustration of the mechanism of
stress fractures.
Insufficiency fracture is one of the stress fractures
which occurs when the elastic resistance of bone
is inadequate to withstand the stress of normal or
physiological activity. On the other hand, fatigue
fracture occurs in the normal bone due to the
abnormal stress.

LA L19844F Casey B 8 BIH3RET 5 & &
bz, TOBRELTAHTLINENFET 5D
DTl E LT, IF IR 2 2 & 28D T~
7o, ¥RAT19854 De Smet BT 9 2 H4E L,
BB oMz lEed IR BAE LB 2 &b,
¥ 72 [@ 4E Cooper HN3AFE @ IF #1208 %
72, —J719884F 1 Davies B LMD IEF % 3
ERIC1IPIER Lo o LR34 U, IF 115 inis
TRESCERRVCXREEORP I X b SBIE
PIRHEINT 5 Z & &RBe L, R4E Rafii 502
FRCBHOIEED B 5 BHEOMBEIZFE L 7 4
il IF w8 Ui,

ChEITo|EATERB L, XBERLE,
B ClRIBEHE S, W i UBBaE BT
BINRED Y, ThXnEE s BifE s
HizoTuwd, FlAlBies T KR RE
LR bh5,

W ShEADOL  HARBOLHTH 3,
E OFTHUHHRIER O BEERE 2 7o D 12#930% 1=
DIE% (Table 2). EFWBOMEF DL 13
Mreh %\ ER e KR ER LT, B ES
THHZENFEIRTHS, L2 LIF DAkEE
DB HIcoh T, BRI TEE T &
DITRE & e b, REESFRZE TV El
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Table 2 Literatures on Pelvic Insufficiency Frac-

ture

Authors Nc[:seosf radig?‘litrapy Hlsg‘lg‘%égal]}'
Georgen'® 1978 3 0 9
Hall™® 1984 4 0 9
McGuigan' 1984 1 0 1
Casey” 1984 8 1 6
De Smet® 1985 9 3 9
Cooper® 1985 12 6 9
Davies'” 1988 11 2 2
Rafii'? 1988 4 4 2

RE®BE LcDix, Cooper HVTIk1261 2
fl, Davies B CIX11#1F 2 Flic 2 % -~ 7= (Table
2).

HEORE Uiz 4 FEFIITh S A8
EhTuwi, L LICENCERE & oo iy
mIFOFREEL, 71 FchEricEs Y
VABORER B bo0, FEBRREOERED
i, BELHLIEEOFREIEELI Db
DEEZLRBD,

S THHRIEIR I & 2 BHEE oS (B #IE
EABE o THOVEI»ERIh T3, T8
FEOKMEERIC L 5 EEELH L #EEN
BB L LEoEL RERERMRERD
BRI b D ch by, BEEXRS THLEEL
LTKEBBETHH, “hiT=xLF—-DEHEH
BT, BXOb0OMRBNNRSE L L,
FRMOER BN ORE YT 5 I dIcSHF e
W0LEESEBSELAGCORZ it b, BARY
CARREARBHMMICE TN D THS,

LA Ll o F & HifE O IEHREIRC oW T o
TEE RS L, BUEEC o WTOREITEEL
THLE L RBRENRE LTE ) BREECOW
TORFIBDTHTH A, TOFREDH-T, &
TR THRHILINIFEBR MR RERRO T D
AEMEERLERIZOWT, 54E7T4.0%, 10ET
15.6% & WO ERHE LI, ThiRBIECK\WT
LHMHRBEER T hERTbO TR &%
RETHELDTHE,

STREFEL D, BEREEEOREERIIEHE
EENHEEIE & ER S X5 B s A o BAZE

(52)

FEEHE O F R A% o insufficiency fracture

WL BREEELE 2 HHL, BFHROEEOH
Bl sEEAEOB IR ElTLW IR LD
A 3).

YcFEEOREYHETHAEFLLTHEMD
e g e E DT Hh, BICE RN TR
a2 v AREELTWAEEEbLATW
A 3).

L Liedib 4 & IF XBHERCREL
TH Y, IF OFEITHSE b T\ 5 %
2BHDONBERTHD, —HEOBRIHEY HIBL
By T, BIFHOFOREL L CXENRS
L AR OEF S K E W (Table 1), FHTRE
FoKke UTHERDHIHNE 2 FIL D X RER
HERETEOBREXYRD I L TLRINELD
Bbhd,

HHB I BEFEECOWT, BAF T
Rubin 5" X % & 5 FEH D 5 ROBEE R LR E
360Gy & 3h 5, Lo LEHBYUNI50Gy ditko
BETLFESEVLBETHI L L, BRE TR
AR B L ERBATWB, —FF Kim 519
AR B R E o iR B fRICBE 3 58T T,
FHEB O BT W TRE Lic4flo R EE
B EEE D 5 B 240Gy A 5 135Gy 1 b 15754
Gy #& » 7z L i, % fo B B FUE O M 1E R
e X 5 EBHROSN»D 5 BOBEERERE
#32.5Gy LHE LT\ 5,

A EFI O BE L ERBEH Y GELIcEOR
IR (Table Dz hboXcoREL RS
Bhizk i, BEEXHREL I B0 LIS
ha,

L LEEEORKEIIBICHEE & OBRO R
5, FECEFHEEEORE L LBEMNORT &
OBIELE 2R, BEFECOWTOEHL
BT, SEREBEHATOFTHRLETH S,

LhECABIBEMO oo, Rk
IF O &3 Em b T With oo lcdTHAH . K
KO OBERNL 5 TH - IAFCBHERE &
MLoT2ZHEh T WL HB EELBR
5.

¥ fEH 1 TEIZ 2 hickiic IF oS8 g
Frji, BEF S U < bE o —FIichEss aiao s

BABEMSEE #50E $10%
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HoTZOWRIBEE L LTRBUBEHRLETL S L
DEEZLRS,

B8O IF O RZ WSS A ER S X
OXBROMEP L b LUTORICFIZET 5 = & pic
&5,

L BESLMUB R bh 2Bfic iz L
AR, REOETICX b A EEL L E
RRENEET S, BISICIIREIRA T
Ly,

2. BB TRAKERERGELD 5,

. MEBLWE L ONFCRHENFESTZ = &
DB\,

4, BV F757 1+ 3REOFEEYFERT 5
DIZHHTH Y, RHLWNRIIO, Bz
TEALBBISTER & M BEHS il 2 S h b L
THMOERGBYET S,

5, CT XREDOHHCERTH S, Bic, B
DR B ICEHIEE 2 e > T B0 E 5 B
RE L OB, ¥ oBMEE TR
BHRRLRHHTETS 5,

BT A FIORBRTIEHBH, IF &3 84T
BHREEELYBEMT L0 T2 k., BLVEE
RZERTF2BURELBEZLEVCETH
B, BEDDHCEIRIELE 2T, ROLEBE A
LB RIEE Y Thbit\wo b Th 5, IF
REAHRFER ISP R PR A Y £ 2 Wik
BrXaTgETH 5, IF IR X 2K Db 5 -
ey, 4 BISLRIFR LB B Ui, IF o4
BIOBKBZMBEZ LREETH S, HEDOH
ENRREITI D, KIBTHLEL DEFLED A
THHREEESIF ORELFICH Lk 2
CERHRET B,

V. #®& &

FTEBEOMMREBEYZF 4 AloBEDRE
WBZE I B ICF64E L - insufficiency fracture
(IF) #8117,

IF&A b v 2AEHO—ET, &4 0FEHECHEE
Lo Tt B RET 5 EB X - TREL
TEFOZ L %#E S, HAHEHEEIFOERRED
—DOTHb,

FRCREETS IFE#NTHE, BBk

SERY 2 4105258

(53)
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WTIRE R AR L GRRET A BFEA RS
ND, IE TS TS IR - T,
LSRARFRETTH2BHBY RS, T FhE
BB S R WEMRE LB S L,
L LBEBE BT R» &2 T
5,

FTEFBOBMBREREEOBBHEZ L €
IF OFHELX GBS\ TR TR5 2 iz k
HThH5,

RESLOP B HEISE A A B MRS i H 2
(19885E10 4, i)+ L 085486 A AEFBHEELBS
(19894 4 A, #FEMH) Itk TRE LI,

HOERIC e h BN E 25 - 72, W KE T Mk
FHEHERES B N0 EYET 5,

X [

1) Baensch W : Knochenschaedigung nach Ro-
entgenbestrahlung. Fortschr Roentgenstr 36:
1245—1247, 1927
Rubin P, Prabhasawat D: Characteristic bone
lesions in post-irradiated carcinoma of the
cervix. Radiology 76 : 703—717, 1961
3) Rubin P, Casarett GW: Mature cartilage and
bone. (In) Clinical radiation pathology. Vol 2,
PS57—608, 1968, WB Saunders, Philadelphia
AR, RIS, MEESR, M RARX
OVNEE OB RRE SR IC oW T, BoRRK,
33:1193—1198, 1987
Daffner RH: Stress fracture: Current Con-
cept. Skeletal Radiol 2: 221--229, 1978
Pentecost RL, Murray RA, Brindley HH, et al :
Fatigue, insufficiency and pathological frac-
tures. JAMA 187 : 1001—1004, 1964
7) Casey D, Mirra J, Staple TW: Parasym-

physeal insufficiency fractures on the os pubis.

AJR 142 : 581—586, 1984
8) De Smet AA, Neff JR: Pubic and sacral

insufficiency fracture. AJR 145: 601—606, 1985
9) Cooper KL, Beabout JW, Swee RG :
Insufficiency fractures of the sacrum. Radiol-
ogy 156 : 15—20, 1985
Davies AM, Evans NS, Struthers GR: Par-
asymphyseal and associated fractures of the
pelvis and sacrum. Brit J Radiol 61 : 103—108,
1988
) Rafii M, Firooznia H, Golimbu C, et al: Radi-
ation induced fractures of sacrum : CT diagno-
sis. J Comput Assist Tomogr 12 : 231—235, 1988
Georgen TG, Resnick D, Riley ER: Post-
traumatic abnormalities of the pubic bone

4)

5))

6)

10.

g

—
—

12
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simulating malignancy. Radiology 126 : 85—87,
1978

13) Hall FM, Goldberg RP, Kasdon FJ, et al:
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