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Bone damage is one of the common and serious coraplications particularly in the mandible after
radiation therapy of intraoral cancer, in spite of the technical improvements and increasing experiences
in the radiation therapy.

In this report, microradiographic findings of undecalcified ground thin section (approximately 100 p
in thickness) of the cortex of mandibulectomized bone which had been damaged by radiation therapy,
obtained from twelve cases (Table 1), were described. Microradiography was carried out in contact
method by the use of equipment of Philips X-ray diffraction generator, Type PW-1008.

The microradiographic changes in damaged bone were observed on the basis of the normal findings

as shown in Fig. 2.
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The results are as follows; 1) a number of bizarre resorptions with moth-eaten alcoves which seem
to arize from Haversian canals (Fig. 3, 4 and 5), 2) occasional enlargements of osteocyte lacunae which
may be followed by small resorption cavities (Fig. 9), 3) hypercalcified Haversian canals with decrease
in number of osteocyte lacunae in their Haversian systems (Fig. 10), 4) decrease in number and variability
in size of Haversian systems (Fig. 7) and 5) obscurity in lamellous structure in interstitial lamellae, pro-
bably due to hypercalcified process (Fig. 4).

Above mentioned findings seem to represent two pathologic processes occured in vital bone cortex;
the one, resorptive or decalcified change (1) and 2)) and the other, osteosclerotic or hypercalcified change
(3), 4) and 5)). The former is more prominenet in severely damaged materials and the latter is observed
in not only the severely damaged materials but also the slightly damaged.

The damage to intraosseous fine vessels seems to play a important role in pathogenesis of bone damage
induced by radiation.

It can be said that irreversible changes develop after the cancer curable dose had been irradiated

to adult bone tissue.
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Table 1. Summary of clinical data of twelve cases with mandibulectomy
due to bone damage induced by radiation therapy.
Interval between Period |
[ radiation therapy between |
| Calculated and onset of bone radiation | Survival period
Cases Primary lesion | exposure dose ‘damage therapy | (after radiation
J | to mandible roentgeno- | and | therapy)
| . chmca] hic dibu |
luation | &FaPhic. mandibu-
- |eva | evaluation | lectomy |
1 Y. K. 38y & | lower gum 8750R/21 days & months | 10 momhs| 14 months | alive, 6 years
2 Y, S. 52y @ | maxillary sinus 10000R/150 days | & months | 18 months | 20 months alive, 7 years
3 K. §. 59y & | floor of mouth 8200R/30 days & months | 10 months | 13 months | alive, 5 years
4 D. §. 50y @ | tongue 9000R/23 days 7 months | 24 months | 16 months alive, £ years
5 K. I. 26y & | tongue 8000R/17 days | & months | 24 months | 26 months | Dc, 6 years
f U. K. 50y & | lower gum | 10300R/20 days | & montbs |19 n_'lo_ntl_l_s 36 months | alive, 9 years _
7 E. C. 32y @ | salivary gland 5100R/19 days |24 months | 30 months | 4] months | D, 4 years
8 S. N. 62y & | maxillary sinus 10500R /23 days ? 18 months | 25 months | alive, 6 years
9 T. Y. 53y & | epipharynx 4200R/23 days | 11 months | 24 months | 34 months | alive, 6 years
10 I. F. 72y & ! floor of mouth 9000R/19 days 9 months E | 16 months | 17 rooiiths | alive, 2_):?::;:
11 8. 39y & | tongue T900R/90 days |13 months 14 months ETmonths alive, 5 years
| 12 M, N. 52y % | oropharynx T000R/15 days | G months | |6 months | 29 months | alive, 5 years
BT 4 A A T B e B TR L Ao, Havers
FuIE L BT 5l PR VE Rl B
el AcER L. ko Tl VIR %
70~ 100 p OEHELE LG ic D % T A % B
THELRL. ks, mu:rorad;.ography F DA D
B AL DR BUREEA R © Bkt & 8] ) LT
#3\~7- . Microradiography( contact method %’ i
Uy, HEBZAEfR 13 Philips 8! X-ray Diffraction
Generator, Type PW-1008 # (il U7-. ROEEE
it Kodak ## Spectroscopic plate, Type 649—
0% i, BIEEEAL FLv— % 85 &%,
22.5kVp,16mA, 15~174r D & T, Kodak
Formula D-158 CHEH & % {7z ﬁ%?](?a’ﬁﬂﬂ)
b, 454 b EHALEFEMEECHEEZE L.
Fig. 1. Hemimandibulectomized material. i microradiogram B ALBERIIA 2 7 5 F
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v & B
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*Resected portion for microradiography
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Fig. 2. Microradiogram of non-irradiated human mandible (control: 57 year-old male).

(1)
)
(3)
(4)
(5)
(6)

Mature osteons with high mineral density
Mature osteons with higher calcified rest lines
Immature osteons with low mineral density
Outer basic lamellae

Interstitial lamellae

Resorption cavity

(7) Haversian canal

(8) Osteocyte lacunae (black spots)

2 MiesTr BiEn o 8 - fETHEE (HE
) BEORTRA RS, % © Havers Rtk
& SLBEEE T X < AKAEL L Havers % (Fhuly
B) L, BUEY osteon DI AIA R L
T\ %. Havers ROBICHEET HNERK © &
JRAEix Havers /X b d @\ . SRR O
P Fs 2> CER K % 773 Havers RORLFIA 2
b, $h¥ osteon DFEXRLTWAS, Ff
FOTHCIE = oRIRERA LR BN, TDT
BREBFURTFHRT, BRI v, ikk

(x50) Tit Havers FofdEn L i<, h

LERBOBAERILPIRIEROIT 2% h LBR
& o HiL> Havers RVBALRIN 5. ¥ o H
iR PYEl LTS/ E (osteocyte lacunae)
A, K& EORHi-oIFEis\ - LEHEER O/NBE s &
LT bha., Havers RicitTit, —hbit
O O B [ ORI BLFY L &) 5 e
DTEID L I b R B 5. BIEORER TS
DEMEL, = OFEE D microradiography Tl
B35 LixHk.

2. HHREER O

1) FERFRI2WT



114—(26)

Fig. 3. Bizarre resorptions (Case 6), x40.

T, LE LIRS h 2 REm e Z b
DWW Tah5 |
H1ENE, 5 1Z0E 6 iEFD bR TR
FOXMEATHSD. THEFHRCRDLRLR
B ORIR & B LR E BT, Thic
TR E I LGt E O M A IE 2 b
D, BROEE L HEE LIS 5 AR o B REERT
RBERLTW5,
Z OFEFID microradiogram T g $ H It ©<
FrRGHFELE 2 D2RERTRE & R 3 WRE
(bizarre resorption) TH5 (F3H). L
T, HaversRd¥Hi35 L WA L, HMEBRD
JEDRREAE D REARR & 72 b, BUC BB % IRk
b LTHERENS., 20X RFTRIEBEOESE

Fig. 4. A number of bizarre resorptions with
moth-eaten alcoves, and decrease in number
of Haversian systems (Case 5), x17.

AAREZHRMHMRESEE $338 25

Fig. 5. Bizarre resorptions which seem to arise
frorn Haversian canals (Case 8), x50

Al 38 LT baivfz, Zkic bizarre resorption
R, I SRS RELREY Les. &
& AT L-CHavers RO HEE & R /e 2 1A
HgRV (B 4 R—HER 5).

Bizarre resorption|di1EE <2225 E AT I
Srkic & 3R B b A Havers J§#in HifE 20T
AFEREN, SRR C MR LTw2b0ng
s, Las g FEilgfys s & fobizarre resorption [ < i
% & Havers D 5 HTHHLE b Ak “ic
LAH2"” k5oL OoNnEL, ZO L5k
BACER), POERENDIRE DL OHREE
2% (585 H—EH8), M IH TA % Lbizarre
resorption [3THEMTIC A D < AR HMBEL IR @ JRIT

_,i
£

Cx e \ A .

% "ii' .

.

Fig. 6. Hemimandibulectomized material from
Case 3. X-ray finding reveals not so charac-
teristic changes of damage induced by rad-

iation.
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Fig. 7. Slight decrease in number of Haversian
system and variability in size (Case 3), x25.

LT\ 5,

R ORRE D BB 7o, BB HIEBRE
X R TERNAD <, BbE ES bk

6 I—iEM3) wonTHETsL, TR
RTINS &k & LTI Il 2 JRLTw5
A5, Havers R[4t osteon O¥f @ A&+ © Kk
EIRARLB ALK, EWR & & by £o
T “hEdE” LB dTw 5. fix o
Havers RizoWCi, fulyERE O AR LIcd D

Fig. 8. Bizarre resorptions observed in slightly-
damaged mandible (Case 3), x25.
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Fig. 9. Enlarged lacunae and their fusion deve-
loping in small resorption cavities (Case 11),
% 150,

DPEIEL, LiE Lk SRR D bh
5. FlRMERROBRRE oML, Bk
NARBEETL B, c0k5RRIIEEETH
Zbhb L OHES HHPW,
BEEEACSTLfic L 2>TIR IR Y
bizarre resorption 3F8b b (85 8 ), HEpK v~
AL D RN, ST o2 sk b
DOOBHBT EXYREDOTVS.

2) Ficis bh BRIz oW T

IRBEDWTIRSHECEREET S0 &
Boa, —, ZofRAEfdLtE. +TK
AL, EEOREE & F/ I (osteocyte
lacunae) DR DA 2R By, F OB

; R B
Fig. 10. Plugged canals (Case 12), x100. Ost-
cocyte lacunae are decreased in number in
the Haversian system with plugged canal.
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Havers JBi & » 3 AMFEBHR TR\ TESD L.
Microradiogram |, ‘HH#ifao FEE» BEWT5F
MEOEB L (filled lacumae) |IHFED L = 5
BE I hith o,

EEEQBIe X 5 BBEOKE, B/INEDIK
F (enlarged lacumae) 2iFEdHhic. Zhb
BRF Licilic@hcfFET 2 mRs H, Vi
e LTS BN 2 R T53 03 b0t
(3 9 —5EFI11) . =t BIkJF3kEbizarre resorption
~FERETLUREEDZELONS.

#Er VEEFIC Tk b 25, hEoEAK{bc
X 5#% (plugged canal) 2EZEIhi- (510
B—fEf12), Plugged canal p3fEfE$T % Havers
RTE, BB AL, kS O #Mia~
O R T AR LR S hic.

vV x5 E

1) ERERMREC oW

BRI &0 R R 0 g O
e, FFEOBROMEROEE, FERMOBROK
FREROEE: S EBRIh s, FEECRWT
i, 1) flucl LREHE A EVWC &, 2) B
FANOBELEETREC L, 3) FEEORAE
BRE LT LB ER LB\ inEp
BROELVWLE., B IhbkET 0 B
3, MUV EIEROBIEXFEHRR EicdbE
HThs.

WED S B TH—C EFE X W FHEGOHH
[EEOHETE. TOMEMALLT, 1) THE
AR 1 RS20 THIEBIIR, bEREIh B2,
LB ThfENCA, 2) BB
BORHie Bl CORERELLELSEH,
3) THAYESEMUREE, Tomitd X
WARETBIRO A0 O S h, BRI
EXRLTHEL, B B EhTLrLEE
LIz Wi EDZFbh b,

THEEOBGHEEEY R TS L3, £
OERBIBRNTHLEYR B DD, ZORIIKRER
BheowTHBEFER TR DTH D, B o
TIREIIPLHREHFLTWBZ ERFHRELT
EELK.

AAELMHESESHEE H33% H2s

S TREE L E T X A TTHE OB, X
RENZE ECLEELMETHD. O mI
LTRERCED LTa M, BEER RO
LT, D pREITORRACEBIREG: & F
Wik hEARLGORERD, 2) BAAOEREL
fgTtH%. 4[ED microradiography DfER b L3
DREERRR &, & akE & A5
BT H-ofz. Bragg B, flix DFEoWT
“‘Radiation osteitis” ® X#PTHE #ik-<, TIHEE
oW THEELER A BRI OR S TH S
ELTWAHN, ZOARKADRMEROTW
&

BAHRAEHE T s DR BEEEY BT 5
FTORMIISEELCHI SR (3 A~24) T
Hh, VY VERHETIREENDEDLOIX
—Hic o X D EA B b L EMER T,

2) Microradiogram Flf BLiz -2~

Microradiography V= I % H#ffi © 22 i &
OIEFIEAH D, 1) Osteon (FHifr),Havers
&, BOEE L OBRRER ¥ A5 BIEHK
%, 2) BOPECHEOREY ARKE DS MR
Vet Tilz bhn. 3) FAKIEOEEHBIZE
L2Fw, 4) ZhboffREEEST5 KX
REBOEBENMENG OIS ETHS.

B A O TE RT3 microradiogram AR,
HESHETRB 55, Zhb KBEECH<S
EEREBTIREVWELE bRTWAY, K 5 #H
HPe X H L, KiEE oW X% osteo-
porosis TIIA G osteon Dk F TRLAKAL,
Havers ey k, ATERIRKOAREDEMED
WA, BEORKL EARBEhTW5 . BE
ZonWTh ChbOHIIRAETH S 5 2L, Akt
O A OSTFORRE (5 2K) CTILhiz
OIS bR, I LAKR B HEE 2
Rz, Lo UHGHRIBShC X 5 Las b OBy IE
EEDOFEMIC DTl osteon F DA, KX X
DRI, Havers ‘Fofhk, MATERIROERESG
b, B OB AL EAED LR, LR D
FFRCAEL L TR D, iR X 5 BEEREL
CEIHEHE—IRBLARITERTREZ LD
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Az,

B ARE R SRR L Rbh i R,
Wb 5 “Bizarre resorption” THA. Lini
Oy EBFEACEET D L, CORIEC
B OLE LRV EEMsED T Bl
[ BEE LinWIRIN | % —I6# % 5 N8
DBhbH. FBPLOBELERETRETHSS
Dy, Z @ bizarre resorption 73 Havers 5EEM B
BEDEHMEINITANS L, BRPOBELYHE
e L2 FETOEFHEN» DESTVW SR
DU LAHZ Lo g DR ERIIRDIZ S o,
Rowland 53 5 &7 Az X > CEHIBAS R
%% T7- N\ (Dial painter 7¢ &) OEFH 5\ T
KERE @ microradiogram 2 L 1, 0% b bizarre
resorption %%, Zh LD zd L Ra DEE
BEER RO LIEL bR LO R b,
Z DA E L TRBRIUEIMC§E < RS0 ki
XIBbDELTWD, o Jowsey” Tz h &l
SHTHEL LT3 [EE 7o BN % osteoporosis,
Paget J§, HEEEL ETRIELTWE2, 20O
Ex & D X 5 iefifao S o Tidfith T
A

2 1 fle s\ WTHEShie T € o v 2,
Havers &2 @K {Li2E% /"7 plugged canal
YEEAFTRTHS. ZOBLITEHBCI T
b, FELFCRCTLHcRD5h, BIRE
TLEEL HBAGR B0 & 8 T2 2®, Rowland!®
B LU Jee® 1 X b RIFIEPTHEE % 20 o FE
c, RLEBRMATAE LTS BRI TY
% . Plugged canal |3 DOFfE T % Havers iz
BNEOHRA, Ui b8 w Bl o 716
Liz\w D (empty lacunae) %4 < g2 xh,
Havers¥ P4 it o K40 & B D 36 % B# -5 %
FrR%ZEHE%. BflaDMERFEREERT &\
bh B E/NEOEME (filled lacunae) |14
DREGITILRDE A2t h, HiitRowland 517
%, 7YV ANHBERABCISCTER L) b
AR, L dais iR R T 5
Z OB Diic Ra @ hot spot (XL FE BT
W ige,

117—(29)

[B/ el f | (enlarged lacunae)® 3§l
BRBLMRATHS. Zhie o0 TULEE TIREH
sk 3 5 REMAREDELF L H D (oste-
ocytic osteolysis)®, Z DZALABAHEREE A 3
WThHBRDBNLEZAML, ThBBREWICE
£ LT bizarre resorption 1C 3835 WA § %
zbhb.

3) Pathogenesis =2\ T

CHETORMHS S, BFEEOMECITME R
DEENEELEHEE LT B LT L3
TEHKS . BAE 3 % MR o B A &
WysE, D MEsy, 2 Mmoo kr &
THMERCLOREOHRMER, 3) BELEx
hEhOBECHE»OE 2 bR 5. B O M
JaDrRCix, BEEMIAE  (osteoblast) 1 BEEHIN

(osteoclast) X b b HOMHEZ LA & Bk
T 5, i (osteocyte) # 4¥> & i b>non-
proliferating cellspiu 5 & Jidtgic X o> CIEH
L, Thry BBEEOEBEOFRW % L1x# 2T
<L, U LAExDREZEMOED, FRKOTRIN
ETFHEED AT v ADER TR Y, osteoporosis
DERBTLEOBRORIVEL OIS B bR
3. .

B2 TR BT, Bt X 2R HEEO
BEE UTRiE R FHERICE » £<{R »bh
TR & E R D BB HEE LT &
(elevation of periosteum)' 7 &0 S b BB
BHEERT B RMEb~Ioh, ThbiEEEO
EEEIET 2 ERTE ST, BELRTEED
FEETIitic & D RFACE D >0H 5, SwifttD)3
(LB B# S 2 D e B E O T BB, R
MR EEEREOBA X o TER S hiciERI 2 &
LT\WwA2, —JF Lawrence® 3gHgE BE T
B ORRERENRA LR EBRT WS, B
CHET 5B MR O BE LR R IER, K
IEHERBEL T2 0L bEX DML DTH
5.

Stampfli 523 HSHEREEARAC ST, B
MDA (empty lacunae) 248 @ Z8{k A1k <
G LTV 2 FEBIC D\ T Ric 1258 & ZEEns



118—(30)

AARESER S RELNERE #33E $25

(@) x15

case of laryngeal cancer (SN-3866).

(b) x15

Fig. 11. Microradiograms of cancellous bone of vertebrae obtained from autopsized

(a) Notmal trabecular structure of non-irradiated L-4 vertebra.
(b) Mrekedly osteoplastic change in trabeculac of C-6 vertebra which was irra-
diated 7100 R during 65 days, 3 years and 8 months prior to autopsy.

Ao bhishot LG LCT\572, Havers
DEEERINT0p TH Y, AL BRI
I Tx ORTFFAET % MMmAF O RIFRENL, B
BPIORABIC T B\ &, L b B TES
IRADREMHIC S Z L\ &0 b b, #Mill
TR oEELRRISPTVEE L DR D,

Rubin!® 4, 2231 ¢“Clinical Radiation Pathology’ @
¢ “Damage to fine vasculature’” O HIEEM:A )
LT, M, mECEsWZEL, £o
HERD LY, FiefEE~OfEAlF&cow
THRIET4r e 7e Tz, Microradi-
ogram ‘T@ plugged canal * %@ osteon [Z3517
BENEDHA, BilY empty lacunae 7 X OFTR,
oK E FRlaoEOBRER L, FREE
WSO 2 — oD E LA 5.

JeeP I X ERBRAYIC R 2Pu & 4T LE O
ML 8% autoradiography & microradiography
I X o> CHiET L, osteondDRERi% 2Pu @ q-track
D4y AR B preinjection osteon, postinjection
osteon J7{F initial-forming osteon @ 32Xl
L7-. Preinjection osteon &% 2¥Pu JEHHIHIZ
W Shto® ¥ FEAFRNE THRL TV
osteon T, o-track |3 Havers FPEIC EIRE

B, postinjection osteon S ICREEE
Xz osteon T, a-track |3 Havers g fficiy
o5 H 0¥k { 43Afi, initial-forming osteon \LiE4F
e TER X oo B0z osteon TR BEE
@ o-track % Havers SRic—F L THEDH BB,
oA v 4 7T vA v 2 X oC Havers 8P4 ML
DA A P~ 0 mik & B a0k, Zhpt
metabolic activity 12 J7 3388 Koo TiE
RLUTW55, fEofne iz plugged canal
% empty lacunae DOHEINGZ B B & AR IC
postinjection osteon D HEANA A Uiz, Bl ik
DA & B TEHE O AL e LD D
EVSBIRDHDMETH Y, HOHBIETET B
SEEROBEHE(LORMT L b vaDh. B
e A0 FEER T b 5 11 BB ERFE R BBl S
#EHES o microradiogram Th 5%, W27
e BAME D YBHVEE RITA, K& S E W e
AL, ATHD O EEELE R L T,

TR R T A RIEFE A B doE % bizarre resor-
ptionoFNEEL K ORI oW TEE, BB
B0 & AR TR W E LT, AiEiom
{hrBAIRThy@EBbeind, HEHEK
BIRK L7 Bl h DRI E BT v ADTHE
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5 b B.

Bizarre resorption}Z o\~ T 4 F Ak SEA N 1B
JanZ L& DR RS AERCF 5 ThB Db,
A ORI X B icdh e E ORI S\,
Havers @G IRz ORS 2 &, 0EH»
NEF 7Y 7 GBI X 2RI 04 [
B A R E b 0235\ A R
LIS OB E R Bie, s Mlime & o By %
Blizwv, WFhic LTh, ZhbRREoZHL
RIEE OB E AL X b Fic EEE DA ISR
B LRSI h S, BB X v BRkORK
ATHHEEAFME, MmER0 T o FEE
EDREER T, AREARI AT 5 R R
HEFM, BEMRT oM X 58k, R
BDAZ vARRIE I, FORE R SHIEe i
RO © 7 © ORI X b a5 B
TR RIBHOMSE DT X 0 ARIEFTEH S h
(filled lacunae <> plugged canal) , T i A, 72 BY i
THRRERCTOFEFERF LRSI REhS T
uiE (bizarre resorption %= enlarged lacunae),
—IEORBIFETHS . B chboZbix
BT —F L, BHOBRECEUTHLRS
THH5H, —Cikh bic 2 JEE i %
L EOTEOFEHbIEREh, TR M
BfizZrs40LEbhs,

4) fHEORHEZ 9T

B 1RCRTIL, A DI2EEGIO BRI
4200~ 10300RCH 5. Hif o MIfEAIT oS
R s D L RS . EhigL A
V4200 RICH2Y 3558 o Bl RIEBRES ©, L8
WY v AEERRB Y, T U a0 bic X D
BORGTHBD 3 [Ty, B E4200R/23H
G L, & OBEO THHIBORRE LIERE U & HE
EINTbDTH ok, THEFCE SHMER
REEEEYEL, 24100 ABYBRATFibh
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