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Roentgenologic Study on Radius and Ulna of a Surgeon with Skin
Carcinoma of the Hand induced by Occupational
X-ray Exposure
—Microradiographic and Microradioscopic Analyses—
By
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*Department of Radiology, School of Medicine, Tokyo Medical and Dental University
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Research Code No.: 499
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A human being with skin carcinoma induced by occupational X-ray exposure may provide a unicque
source of information on the late effects of radiation during a long period of time on the mature bone.

In this report, we described the results of microradiographic and microradioscopic studies on radius
and ulna obtained from the amputated right forearm of a 76-year-old surgeon suffering from the radiation
induced skin carcinoma of his hand. The period between the beginning of his radiological practice
(mainly fluoroscopy) and the onset of skin carcinoma was about 20 years. The right forearm was am-
putated 30 years after the onset of the disease, in spite of all possible treatments.

The results of our investigations are as follows.

I} Microradiographic study on the cortex (Fig. 3 and 4); (1) osteoporotic and/or disuse bone changes

such as enlarged Haversian canals and multi-cavitary formation partially progressing to trabecular
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transformation of the cortex. (2) possibility of reconstructive process such as prominent existence of
Haversian systems of low mineral density (immature osteon) and sufficient preservation of osteocyte
lacunae. (3) more prominence of both findings in the distal portions of radius and ulna (5 ¢cm proximal
to the distal ends) probably much more intensively exposed by X-ray than the proximal portions (15 cm
proximal to the distal ends),

II) Microradicscopic study (Fig. 5) revealed such two processes of bone loss of the cortex as “intra-
cortical cavitation” and “endosteal erosion”. The former was reported to be encountered mainly in the
presence of high bone turnover (hyperparathyroidism, acromegaly) and the latter mainly in low bone
turnover (involutional osteoporosis), as stated by Meema. In our present material, intracortical cavita-
tion appeared more prominent than endosteal erosion.

Above-stated findings seemed to indicate the following two processes occured in the vital bone exposed
by diagnostic X-ray during a long period of time (50 years); the one is the senile or involutional change
and the other the rather increase in reconstructive or high bone turnover process. The former, possibly
accentuated by the disuse process, might or might not be modified by radiation effect. The latter was

thought to be caused by radiation effect, since osteosclerotic or hypercalcified change had been found in

our previous investigation on the adult bone irradiated by therapeutic radiation.

: I i B

BRAM % 7o X BB OB M BU R E T I BB
W, BHRRFREREOEL Of T, SHck
HIMEROHHBIRL LTEhs o LaiTEl
L,

195942 ik & v ¢, Helthusen £,V ) 2
Ehrenbuch 2§ 2 i3 {ib R4 E o 3604 o B
BAHRBHEOZENED bR TV . Aflicsk
WCIE, 19555 IC RN 2548 A 4L L T F D S
WA Lo fivT, 19684E 12k Eas, o
BOYBAS X N2 504 % B LY. Ch i
CEREh R, ¥y RS ChY, o
KREBL, HixoFEXEUNRERTHS. X
BOBERICERET 5 RS, o B
B LTCwicEBE L LTuw5.

LB, bhbhuk, WlFiEs L OFNcig
WEFER Y RE L, RICELRAOHK, £
iR o> VIW % el < X e 1 AMRHESER o il gr
ABET OB S, K, ZoloHgY
TEWT, gffoZ iz > nToRR#EI T & A
EABRIEVENORBEREERTHY, 1,
S REMANHEA TV B BRI Lo TR
ShD, WH BT BRIE L 13 R o IRHIE

Th DLW IEANBLRKE-. L Xb, X
TR & BRIROEL L 0 REBIFRY, B d
FREANC G B KRB 50k 53
7, XBFERCHR Lt Ricowt, =, =0
EEEMzRETH L T8,
o 5 i

6%, FH¥:, SHBHEAD. FHRR4 A, TR
BT, RANCTERL . Fofl, FEE, %
ADHHRECAFTE T <& oo,
[ZHE s T OAE |

KIE 94, FESTAFERSEMER, Hhicfk
FHPHERE AR UKIEL4E * CFEE.
KIENFE~KIELE, FHOZNEHRE S,
KIE12F~RFI34E, BB EHRBEE .
MEFII3FELARE, pRZE.
KIEL2FEME LA BHRBE T, 2490, Bk
fli% b fofo W ABERXGERAER L Ts by,
2, MM, YURFE LTERIh BB
ZIchy, MEEXBLRCE IR R X, XEH
RICEFHIS S Llel, BREYEE L-¥B
Bicfedi Lic. & eHERE STk, K
EREDBIERIS , 6 Fiepit CORERTH
fckBEIEL TS,



720—(64)

[HRRIE |

3 DORHIC KR LTilh<% .

1) $EFE4EEC.

FEf2, 3MEE XD, WAlOFEHE LOFH
KLBEDSHHEL Lchd, BAIGIC S LT, XR2Ht
OB oW T HERE Lishote. FFzD
%, mACERES LRI TE L.

WEFILT4E,  ZEfBREEE o Fmc B 4
U, Wbk LB R Lz, 2o
E RS THERYETH D, BRI IEERIK
A CRIFIR O 2 %0 o, B AR
EThOLHIBERTVA

XBBECHERELTh b, &2 FTolilE,
FI0ETHD.

2)  HE O F i 5 oI

Foth, HBRBMECES204EMIC, BHEEER L
U F v AT EE B O W B 2 &5 L, 10[ulB
LoBYIER, W, FIREN L OREEYE
iz,

3) HuikEbImE <.

RBFI40EEDs B 2 4R, /MRIEIIA B b IER1424F
LA — 1 U OB e MR RBRC B\ TR
FoTw5. Ehbowih~s L,

1) HWAFN42fF-~434E, HlEE Y v HilflRx 52
», PREEEIEHTHELT .

KEFASESY) )R (Anaplastic carcinoma, No.
112939).

RIS & 5 BatE#E (160kVp, X
4, 5,800R/46H).

BN Y vosEER S B B R (Tele-
Co, 5,100R/45H).

2) IBF45SE, SERYIEREET O i o
foiE bRt L, RIEXHIAR ( 4,000R/23H).

3) BAFATE, RRCEEAEE L, bR
STIhA. AFECS AEEEHBL, KBk
DL squamous cell carcinoma (No. 171043).

R UIMTAS S o i R L eryosurgery i

7.
Pl Eofiiz, -« ORI S 26 < it

Shichs, FIROB LB LWERORER, EM

HARESFRM NS 378 7%

\

Fig. 1 Amputated right forearm of a surgeon with
skin carcinoma of the hand induced by occupa-
tional X-ray exposure.

ABSE 2 B, 4nilmbliril; (supracondylar amputa-
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Ik X 5% Binhyof-. microradioscopy Lk
Meema®” OIEFRIZHE272 b 0T, Hilid% non-
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1. Microradiogram Ff H,

FEEGIOF RAc i~z ¥>Ti, EWHOMRR
EXE Lici e o, ZEli oo
s h, ZZTIRENERFZIGRL, o
FEHROMKEC L Yo (Fig. 2, 25mBHo
JBE). Fig. 21245 <, FOWBIELTH S
AL osteon(FHIRL) DFFESR X { M LT, K
3B JUAKILE & §i1ciziF % Havers %
P LT\ 5. Havers %o it (7@
% Havers Hi1EAKLECER S h CHIETH
D, TOERL F—HETHSD. Havers B[
e Blan B - fERIR (interstitial lamellae) o4
Bur A<, o ARALE &, Havers Fic I
~, BHTEV. Bode, Havers §p0k% <,
AR % 77+ Havers iz, %35 osteon T%
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D, FioBhe, WILE (resorption cavity) o
"y Bodobhn, o ifilikc@BETs L,
Havers 2o BRI &, Fhic B> CRLOHER
AR Bl A ML C B B EE (osteocyte
lacunae) Ak & 2o ot Fifg7e\ s Ui #h5EH
OB E LTRDBRS.

[ASEFIOFT A |

D FRIEEEE (bE, REEAHM & 5cm
D Effir—Fig. 3a,b, c).

¥ SHI2 { A it Havers HolkKEE T
Z. AR 5 osteon o Havers ) ok
HEE LG0T, AHRAA D ELh, k2
LT 2R RA BT 8 bh % (Fig. 3a, b).
ZDMEFAEEHMAC S TL VEETHD, B
BErSANARTHRER, bich b FR~OER
IR LT WA B 5 s (Fig. 3¢). 1,
IEHET R o< T Havers Zo¥ud B & ic i
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(1) Haversian system with high mineral density (mature osteon)
(2) Haversian system with low mineral density (immature osteon))

(3) Haversian canal
(4) Outer basic lamellae
(5) Interstitial lamellae

(6) Osteocyte lacunae appearing as black spots

(7) Resorption cavity

Fig. 2 Microradiogram of normal bone cortex (25 year-old male, tibia), » 25,



722—(66)

L, MEREWRO & FEHAAHSC I5 230 T W
%

b H X E PR E LT, 4% osteon DF]
etk 2 R TIEAIKALE Havers o> BE 77 7EI
Vi B eh & RS h, MAERD A Bhis
WITES BT RS, chbik, Bl Lo
L THERIh X EFTRTH S (Fig. 3a,b).

Lo RIS s TORBd@m LTtz b
A, TEORICERITED Bhvic.

2) B (BeE, AR L b 15emo AL

Tigg AN
TTAAR. % ).

B oA oW CHE LSRR T, FRAE
EEEOFR &AM IGEENRD DR D . i
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2. Microradioscopy AT H..

(b)

KRN e R I WITE BT B

IFig. 3 Microradiograms of the specimens obtained
from the distal portions of radius and ulna (5
cm proximal to distal ends). (a) radius, x50
(b) radius, %30 (c) ulna, x30
Enlarged Haversian canals progressing to multi-
cavitary forma tion ((a), (b)), and further par-
tially progressing to trabecular transformation of
the cortex ((c)). In Fig. 3 (a), plenty of Ha-
versian systems of low mineral density (possibly,
immature osteons), together with sufficient pre-
servation of osteocyte lacunae, are noted.

Fig. 4 Microradiogram of the specimen obtained
from the mid-shaft of radius(15 e¢m proximal to
its distal end), x50. Similarity in microradiogr-

aphic findings to those observed in Fig. 3, but

less prominence in abnormalities.

Fig. 5 BAMES T C i i Lickelg o$d R
. BB SR, I ERIRo E
MEHERS BB AR, B REO RN
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Fig. 5 Microradioscopic findings of distal radial
shaft. Cortical changes demonstrated by intraco-
rtical cavitation (—) as well as endosteal eros-
ion (¢=). Coarsening of trabecular architecture,
partially associated with thickening process.

Fig. 6 Two types of bone loss from compacia of
a diaphyseal bone : endosteal erosion (left) and
intracortical cavitation (right). M indicates the
amount of mineralized hone in the path of roe-
ntgen ray (X). (by Meema, H.E., 1973)"
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OWBRLEH B LIXTER. Rz DF
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DR E—URECT A Z Ll chs. o
T, EAM osteoporosis L, bhhvbiuhi T
HHoaE T3 BEHERC Lo TR h el
B R LT, KEFO RS-
THR LT,

1) Microradiogram Fij HLizo\ 1,

AL microradiography 1= ¥ o7 #{bE 4
PRV L, &AM osteoporosis A e
TEL DTS, Tibb, 1) Havers o
IR RT B IKBER L, Fof#EFHE LTo
LA, 2) Havers oy k& & le bR ARK
LD, 3) H/EOH OB LB D
HBHL (filled lacunae) DHBHMTHY, 25
I NPT R & LT Havers ‘HhEn@mAK LA X
%% (plugged canal) e HBL% 3 (F T W
%4, —J Jowsey!® 4, Havers o fil;- k4 osteo-
porosis DR L L, = X 57c Havers R#% in-
completely closed osteon LIfA, 7, Havers 4§
DEFEH Havers R EHERDAL LD oD
fELEA» & porosity DFREE% 5T 5 Hedh# D
et

DX 5 EAREGITRS Hr2fTR L LTt
bhtc Havers ik ls HONC FDHERT Li-fT
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RELTOEHABRIL, T SCEORTHELE LY
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L L, XBofE Lhof b ifkESh 5FH
g s, Zoffl b 10em SEAEfo BT R o
M) B R O DR B, L bzl
kR ARER, ERMEBCHRER TV BETR
IOV EETHD LS HIRPE L, KED
AF H% 1o A REAE G MG o> ostecporosis L FRAR
HOIENED X5 THB.

Osteoporosis 2 hyperparathyroidism 7 2 o\
P 5 rarefying disease # F#4pEE L5 @
Epa iz 5 L, mineralization o V<0 XFEH
i, AR BB M 5 BRI
s BRMBER T BB E5 RN BB (Jow-
sey'D) . AFEH] T B4 S hicEAIKE Havers &
DHEFEE, ZEAM osteoporesis 1B % fER O
A biZB LATVWIOEEATYVS.

E M ostecporosis [T 4 HiL B b 5 — 2 DK
ThH D B/ (osteocyte lacunae) ¥ DA,
HBVIEEHROTEERT 5 ABL (filled la-
cunae) (IAFEGICIL BT fepot. EbIC
HEE L RFCH MRS RAF ST 5 & ¥l
T Efowud, ThIELEELOEREZRLCY
R LIS,

BRI B, BAHRRE 1 ~BEFE O RRB TR
B LR RGERE (Wb D AR
BE) o microradiogram Ff Bz 0T iE L4
Lt-. - ovohxd BEEcPr B, bizarre resorp-
tion LW 5 ArtE e WRE R /R3S  BEPT
CABRBZ L THD. LORREITMEY LB
n, ZoHBln Havers B EED & i IE A 232
T5 EHfEE SIS C L b, B #LMr o MlimiE
ieu ikl 2\l Lz, SoRTR, Bt
MELLL, MECOBRREAPF LD L5,
VbR e EET S B s bh a0 X L,
LEBERREE 7 BEEERAL ¢lx, Havers R oM
A, K& o K/NARFE, Havers BeD IEK, &
NEOE DB T L, EALEELOF BB
NTw3.

AREGIOFT RA L EOBTR L3435 &, &K

HARESHaEalE 5378 $75

OREERT R L e GEMA e <, BE OREER
R&d—foB el LEL L-mR
wERE, RERIOLELDIS.

Hhtiic X5 BT, TR 55 % 5
—o0 iR E LT Rowland 5237 dial painter
OFERYHT B EO RERE CHE L plug-
ged canal (Havers 0@ faRILEER) o> HEHkMY
RV BD. ORI, MR, T
T AT L B REINIREERC Lo Th e b Xhock
RICTRE ShTwb. SEIOER T, KB
Riic B EREREN L WO RTHASh
B, ZofBoZirg B bhsor.

Ll Eo> microradiography B35 £2LA B
T5 L, FEGOBRhC R EFERCHIG 5 5 ik
L0 & iz E A osteoporosis DFT B AVHED
iz bhad. Fhickimshsa~<gdo L L
T, BITHAR L sion b, BRESAR
A RANEFELTWA L CEbRS. F0
FrR &, BNEOREL, WELETAICRKE
TEIDTUTeus &l & h KA K EE Havers %
DEETHS.

2) Micreradioscopy Ff Riz-2o\u-T.

Microradioscopy (%, mineralization (& S5 % 3
FTEHOMMEREY R L, ST s0cE ST
Lod REED BT THS &b h TwaD.
BORBREC L-OTE LY FKED bone loss (1
WD 30D BB B 5. 1) endosteal
erosion, 2 intracortical cavitation (perosity) s
LU, 3) subperiosteal resorption -4 h [ 6 (%
fiii 2 HOMEEBRL LicboThB™.

Endosteal erosion i3, BB VBRI Hik
PR X T IER LT B & o, pestmenopau-
sal = senile 7z & D b % BT osteoporosis
i, Ao REHES o ET (low bone tur-
nover) I HET B FTRTHDH L ShTw3. —
5 intracortical cavitation i, {SEIEEID U
(high bone turnover) (234 2% 4 & ¢, hyper-
parathyroidism x> acromegaly = ft3EXh, #*
f- subperiosteal resorption |}, hyperparathyroi-

dism (AT R L LTHIGh T 5.
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3T, SEOBEEGCE, E8A intracorti-
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REEThTok,

Microradiography ¢, microradioscopy ¥ dLic
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L, AAEGI 0§z, involutional osteoporosis
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W LI o TR BEIRT 5 TRA B h T
D, LobFofiRik, XEHEERE»OEHE
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SHR ORI 5 2 b - F5HEH o microradio-
gram G, HHRIREE R B s A LR R
DI HRAIERER LT3, FEMAD BELEOH;
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& 2 AT, AEFITR & i Ak osteoporosis
YT 2T RN, B FER AR IR &
NicbOTHB LHET D 2 LITREETI A,
EhiZOBETH XiEH, FEERIEL T
Mofchy, >F b osteoporosis O {RAEITAETUN
DDl TiE, BECRBER KL,
BWETHZ L TER.
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Lic. ¥ado Jidkix microradiography 7z &¢f iz
microradioscopy TihH %5 .
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3) Microradiography 71 & 0¥ microradioscopy
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B3, WEREWTELR G LEREER
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microradioscopy Ff ¢ # Hijuf: intracortical
cavitation 7 bk, FORBHEEO AL TRk S
i,

4) Microradiography <. 351 % EBLEFTE B
L OB OB BELYRRT AR, TR X
b @m0t L HEE b FRIER 0 EAL AR S\
TIhBETHOk.

5)  SCEREIZ A BT % microradiography @
iR &L LT, HaHRARHIRE © BED BiREdC
Z b bizarre resorption %, #°Ra  HTEiiC
LZEO BB RENTH5 L ShTw
Havers @& ¢ 2814 (plugged canal)'™® 3 AHEFC
XL B bhioholk.
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