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Experimental Studies on Radiation Stomatitis
by

Hajime Fuchihata
Ist Department of Oral Surgery (Oral Radiology) Osaka University Dental School
(Director: Prof. I. Nagai)
Department of Radiology Osaka University Medical School
(Director: Prof. H. Tachiiri)

Experimental studies were made on the subject of radiation stomatitis, in regard to the dependence
on the quality of radiation, the dose-time relationship and the influence of differing time-spacing factors.
Rabbits were used as materials and macroscopic and microscopic changes were examined.

This study has resulted in the followings:

1) Changes of oral mucosa (cheek and tongue) were examined on the Ist, 3rd, 5th, 7th, 11th, 14th,
21st, 28th, 42th zand 56th day after a single exposure of 2500 rads with Co-60 garama rays. Two proposed
gradings to classify the stomatitis are summarized in Table 1 & 2, according to the macroscopic and micro-
scopic findings respectively. Mucositis of this series of experiments subsided in a range of 14th-21st day
after irradiation. There appeared some signs of regeneration of epithelium on the 7th day after irradia-
tion, even in the severe case developing ulceration and/or thick crust. Degenerative atrophy with mod-
erate fibrosis was still noted in the mucous gland of submucosa, on the 56th day after irradiation.

2) Three types of radiation quality, i.e. 200 kVp X-rays, Co-60 gamma rays and 18 MeV electron
beam, were compared in the dose giving rise to the same effect on oral mucosa. The decision of the stage
was based on the changes of the material on the 7th day after irradiation. When Co-60 gamma ray or
18 MeV electron beam was used, 10-159, more dose was required than in cases of 200 kVp X-rays, as
illustrated in Table 3. Some dependence on racliation quality could be concluded in the appearance of
stomatitis.

3) Dose-time relationship was examined in term of the appearance of radiation stomatitis. ~Accord-
ing to the grading proposed in this paper, an exponential curve was obtained as shown in Fig. 9. This
is based on the changes of the material on the 7th day after completion of the course of irradiation.

4) Differing time-spacing of fractions resulted in some changes to the dose-time relationship of or-
dinary daily fractionation in the appearance of radiation stomatitis (Fig. 9 & 10). In cases irradiated

on a schedule of 3 times a week, mucosal reaction appeared earlier than in cases of daily fractionation,
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as far as weekly dose remairied unchanged. It was interesting, on the other hand, that in cases irradiated

on a schedule of once weekly—periodical fractionation of massive dose—, or in the case of so-called split-

course schedule, less mucosal reaction was noted than in cases irracliated on a daily or 3 times weekly

schedule.
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Table 1. Macroscopic changes in radiation stomatitis

Stage of lesion

Macroscopic findings

Latent stage (—)

Initial stage ()

Middle stage

—Early middle stage (2+)

LLate middle stage (3+4)
Maximal stage (4-)

Reparative stage

No visual changes
Redness and edema

Solitary and thin pseudo-membrane, small erosion and
ulcer

Pseudo-membrane, erosion and ulcer spread pan-orally
Wide and thick pseudo-membrane, hemorrhagic ulcer
and[or necrosis

Decreasing in changes and appearance of repairing signs

Table 2. Histological changes in radiation stomatitis

Stage
Latent stage (—)
Initial stage (+)
Middle stage (2+)

Maximal stage (3-+)

Reparative stage

Histological findings
Little histological change
Slight hyperemia and minimal infiltration of round cells
Bizarred shape and swelling of epithelial cells, loss of
basement membrane with downward projection of
epithelial cells
Ulceration with or without crust, remarkable infiltration of
inflammatory cells, especially eosinophiles
Regeneration of epithelium

P, |



WEFnd34E 1 A25H

LI FIHHICR LI EH T Co-607 % (S.S.D.70
cm) @ 800rads, 1,700rads, 2,500rads % % h %
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L, REMEMENE (L2 EZELE.
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TR DIRFURBE 13 U b F o fih 2 Zrikigie & i
Z{ex Bobh, &2 BUUE T
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WHC R WIS 5 —7 B, EEBEoR
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e LToEBIEL X S BEih T i,

b) 2,500rads RGHRECI3, MREH4AS5 B HE X
Y EBOMERTES b, DRI E 2315,
ARETL Y, FAROEREL, #E 2R
Lifgdic. DWCREHISoOMENBEHE S h, £
HHE, HERDLBHEI0EEE TEWThH
k. L Lo eHREBR«cizEsh,
REHRI4A 28T 5 & B oER L HiE L,
HE RN L (Fig.1).

Fig.1 Course of body weight
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Table 3. Macroscopic and microscopic changes of oral mucosa on 7th day after irradiation
——_ rads il
T 1500 | 1600 | 1700 [ 1800 | 1900 | 2000 | 2100 | 2200 | 2300 | 2400 | 2500
H--‘H""‘"H.
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Macro — + |~ H # H HH H#H H
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Micro + H H~] i 1t it HH H H Ht
Macro + |+ H H H Ht

18 MeV | ==
Micro o m | m |m o |
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Table 4. Irradiation schedule

Single exposure;

1700—2500 rads (1 day)

Fraction;

800 rads daily, 3—6 times
2400—4800 rads/3-—6 days
400 rads daily, 10—16 times
4000—6400 rads/11—18 days
800 rads 3 times a week, 3-—6 times
2400—4800 rads/5-—12 days
600 rads 3 times a week, 6-—10 times
3600—6000 rads/12—22 days

607, 18MeV T4 Tk 200kVp XE i~
TI0—15%% < DRI EY DEL 35 = &2
MDD THD.

4) B 0P % o iR B — R EBIER (Dose-time
relationship) jzo\

KRR ¢ AR P IS 0 FEFC O\ TR R — R
BtRE R 5wz, Co-607 i (S.S.D. 70cm)
ZHWT, Tablediw®RT X 51, Fhol[@ER
& ( 1,700— 2,500rads) L, 800rads 35 X O°
400rads i MRS, 800rads % X 0t 600rads fg
BRGS0 A EEOHEBHE TRV, Fhrhic
I B IAR 0PI % o RBUHE & FREHIR & DBy
FRICOWTHE L. RN EBHOBET S,
AT 7 B BRTRCR LRGBS Blbh b
e, KRERCEVTLTRTBEETHR T
HHOZ LA Hde U TBEL TRk,

fioe © 4 FEO A EIRAT X 2 B 0 %5
W ETORBEB, b &Mk o Py
D FEHR A & TG & o BIR % M BUEE i
AT EFig. 90 L THY, HWRMNCIZEARY
—IREE, REAAREA R R 21 5 0
DFEHR DA ORIFICoNT, a2 BB

Fig. 9 Course of irradiation & dose-time relation-
ship in radiation stomatitis
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ERHBLNTHS.

5) Boik & DR RINRTF A R 10 P94 0 %
Rk LETEBCoWT

Table 5. Irradiation schedule

Massive periodic exposure;

1300 rads once a week, 2—4 times
2600—5200 rads/8—22 days

Split-course;

800 rads x 3/5 days (every 2 days)

split 7—10 days

800 rads x 3/5 days

4800 rads/17—20 days

== ol =
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Fig. 10 Infiuence of time-spacing of fractions
in radiation stomatitis
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HIRST & b B RA s o B Fig. 9 (2), ic
RERLDEGEEREIRCTHAO TS, OB
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NG ¢ SRR O R ER 0BT s W TR T
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HYH, Wik X OHENET & o4 mFREhE

HAESRAE RSN H2TE H105

oW TR EEHSE A o 4t 7o & b A
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By, ASERCBTAR Y, Doy,

HIBA & @ RIRS 2 e 2 &, SBREEREER L
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RSt BE ARSI T, KRESES S LU
split-course 12 ) % 5% {TicotcE, [WiEHMN
BHENEZ L2h 5.

IOI #8454 bUIICER

TR P R\ T DR L b R T
5 AR B OV I RIS L, RERE
b, RRE—FREBIRE X LR & R R T o
i Y OREERRET A%, FREYAVTER
FIrgE R fTic . Bl ofERE A B, & CiHE
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FR PRI b I\ e CHRETRR P 48 % SRR
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TR LT g P Ak o F88% Bic 100EEFIR2
WTORBET R AT W TR BRI i e A e A B
ELicht, SEoFERICE\TILZh b EIRAY
ZE(bein 5 BB AN SRR R D .
TR B I & < AR R P50 SR BRI AR
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DO EThY, AERD L OEERO A
TR UREBEE T2 b DA b
TH%H. TOMPRBEHB PR OFER X BRI
W ie B BB R AR Table2 iiRd 2 & <,
RN, w0, SR, RN, EEHo 5 K
ALicoThS. @l Filizvbd s EEER
P45 (Stomatitis atrophicans) o ##kfE i IE L
Licbo TaH b, HEINIEREHERER %
(Stomatitis serofibrinosa) Z %\ i3 ik 0 P94
(Stomatitis ulcerosa) [ HMT5bDE V2 5.
ZLTZD X5 I L L RIRMZE (LR R
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LR BE 7 BRI ST, T or—Fcit
BEOFARRD bt F B TRERDE
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O BFERRC IR D E R 23RS Hhd, REIS6HE
TIREE Mo MMt VBRI Ao B
AROIBABOBMEOBEAEZR LT, &
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TRIE Ui VBRI B2 B 0% b o Th
5.
TRAHREE B L TR E R FET B0 R
DERETHLLFLBHTEELRFH T H
5. iz HERLAELE T LBEEX
B, EFRAEEEEDKIRIERAOEADEA
CiTebh, Thbic X s EERIGe 2Tk L
ELERE Sh T WA s LARIEC
B L T mRE o =, FREEOE L
PHEEFORMKLIEXETHE LoD, —cik
X, TRICESTETRBHOHEIKETE
WTRIEDEZ 20, ESFE & vhh T
% . % f- Holsten & Stender®® 15 > 7 o fifif
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BFR 2 BHEL, © oMLY B
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EERRS Lic b oixfesk, FERREC SEERANT
xR Ty, £ o TAHRERCE W TR,
200kVp X#Hg, Co-607#, 18MeV E H% %
HERBH L840 nEEEo T (b2t
B L, AR S HRFEANT b MRE O It
ZEBCETHIRIRE L RDIDTHS. £
#5E Co-60 7 £, 18MeV BT T 200kVp X
BT HRT10—16% % O ER T 5 & LA
LAk b, BEREEEE o b B R
OFENHBE LIz, L Lz o B LTk
SoMENE, FREE, =RAF—ofEr L
KRR EHEL, REBEE D EDTEHHEL
ERENEREbDEEZLRS, 2FR—E
DBSHRET X o Th - 5 EMFEE, BE
DRENSHC X > TE LI B b 2 &%k
WibhTws., Zos 2Bl Tk Regand &
Ferroux (1927) #%, 1 [EIfESCIaBEEEAELEL DIk
BHEIEA FoT 5 = & 7o { rabbit testes ¢ steri-
lization % 3ERET 5 = EXNTE DY, AL
ThEBHEESC AR oEELY R T5 = &7l
BB LSS Ll LThk, %< okt
PRI EhTw5 . Bo#EERBE 53 5 R HEVAE
F & LTk, ABEARIEE GRER), BEtER
K IOGEORED 3 mB3E 2 bh 528, Mc
Whirter® (3 i3 S R BB o gy
Bzl EMELTWS, FoBEL LTHEE)
B L BEHIRE OB oW TS L ofFEN e X
h_z)s‘:ana)u)mmm s }J % ‘Hﬁgﬁ'ﬁ-ﬁ L'CE = ;5 iqb
SRR B B o BEE LTFEb Ll
FEIBSPRA T, SRR E D\ B critical
organ>, £ D EHFHMK LoV THRITERT
EIP® . pEEE o EaHREECE LT o
&5 e REIMETF 2535 0B bHT, o
C—E OB E—FFHBRIERT 5 L ThuE, *
O FR TR O R T B 0 MG I o A\ 1 BE R
BHEFOBEEROBNCELTRA Tz 0T
ERRVCEHRTHD, ELIEH=F X —HEHES
BB & LT—RIESh TE LSBT,
PESR D B RIGC fdoT, B R IE A L R 51
DWRIE, MBEHEOUEE L L iRk b R IRED
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1920k 2 TETWADOTET I THEELESY
oTL BKEA S . kP EHBC>WTD ZD
OB LA LR ERTELY, ML,
B 5% 7 E A BBIOBRRRER X b ;& L Tw5
B E . £ TARERIE WTIL—ED RS
ST 31T B O IR A TR m I D FAE
X o TAIRE, EEEFMCHETL, iR
BUGRZ R LicoThHB . ToFEE, DiskpREE
Er o\ T L FCE g W THE S [
Berop T EIB RS TFET 5 Z Ll b bt
ofc.

i, Bl & FRSHERRY D R & o
LoMmE s Bk o B3, HRe il
AR TIRELRFR G & Wb T s ORI BE
L TR o s b b KeicBlibo b ich s
BThb. EFEFCBRERRROFIML S s
HicohT, 1ECHBERKECHREY 525
EOATREIR TR D, BT\ Y B KR RIS,
split-course 1= } A BAHEAHF SR, 4 oF]
B IR T LRI doh b hoRic
Bt LE Uz oFEEAvas o &8bh,
= O Iz W CECEE & IRFEIEYE T o R ES
M - R R o R ERIR L 5 R TIERIC
BROR-h AR THB. £ THAERCE
T3 H RS L FE B B o il & {772 &
A, EMBEERFACTH T IR BFOS
PERWRISE R Lic. Ziud Du Sault™® o pij
£, Barth et al.® o {023 %R A RHHEORM
BleTER L —BT A —HERT b DO Tkiah 5
A0, DWTE X0 RIAROEBICET 5 ER X
b, HERAZELTT7 BB 5 WIXI0HE M
x0T, KEMEEKES S L0 split-course 1
I BB WTIEE LicE 2 5, 2EFHR
[FRE DR Y5 2 € bHH R D\ i2hw HIR
Ba et b DI H~T, P EHIRREE o F Bl
MNBWE D &5 Bilix R, chboffRix
EHARO RS X 2EEE» HOEEIAE B
5332 TR THLOTHAS. b HAHAM
R 31 5 BHEIAR OB 3o W TR EE T3
HBHBEIE—ETH Y, ZOMECOIWTH

HARE R R & Met B2TE 1105

TS RRIETA o A AR T £ & o BT B
FOWTELIRSHBOFIEICE il i by,
IV & %

HEHR O AR OWT, FORE L D BRI
1o B ik % PIRAY 7 b OSBRI RS T
% Lk, Thoa ekt s UTiEEKES,
FEE—IERIBAGR, 35 X O & MR T o
To LW TEBRAIIIEX 1T, RoERLE

=h

1) Co-607# 2,500rads 1 [EIIRHEFT D 7=
LR O RO TR X ) — RO E TR
M4 TH b, BEH7 HARICEEOREER
o bRk, ToBmek\ - TRREIRES
iz, FhoEE e TR H B s T
Liz & A EREZRED bR, REEOTHENR
E YR b,

2) SRR A% O FRR B U TRER T ED
FAETL D EHEN L%, Tihb b nfiEkh
T R EE o A= % 18 % i 1k Co-607
W, 18MeV 4TI 200kVp Xfpiclb~T,
10—152%% < ORI ELX E5 .

3)  HHR O AR O TR oWT, R A
il & ofElic, —EofE-—RREIBIR 25 177 T
5.
4) BiE & 7 oRERERTFIRBIHR DR %0 R
B EEL B LIETLDTHS.

FEA AW EEA, WAEBE) A EiEE, W
bots, KIFMER, TALEBRCHLI VHEEEL
¥F, AR OERE R E o 0 ERE RS
Sk BR BcE, 0 SPRLEEEE 2 g I DR 1 Bkt VR
mrEEERLET. FoHELHECR, HIEE v
PR ARG, WAREURRAE, BB b Otk
B o RSB LT, R Ao 25 U 2 SR T A B
BT EREARTLCE RSB L ET. bbe T
2 fEE I R e IR B e L TR, A
R, SRRSO RBL 2T,

A o EE %, 250 B RESHNRYEAEBS
(FEIR B196648), #5 7 B RERHEEBY ks (K
FI9664E) = X o4 8 [l B A WA MY 484 ORR
19674 ) W\ THREL L.

e B AEMEOWMER OBk, EEHENALTREBRE
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Fig. 2 Mucous membrane of the tongue
%100 Control

Fig. 3 do, 5th day after irradiation with 2500 rads
single exposure of #°Co y-ray. Bizarred shape
and swelling of epithelial cells, loss of base-
ment membrane with downward projection
of epithelial cells.

Fig. 4 do. Tth day after irradiation with 2500
rads single exposure of “Co «-ray. Ulcerat-
ion with remarkable infiltration of inflamm-
atory cells, especially eosinophiles.

Fig. 5 do. 11th day after irradiation with 2500
rads single exposure of °°Co v-ray. Regene-
ration of epithelium.

Fig. 6 Mucous gland H.E. x100 Control

Fig. 7 do. 11th day after irradiation with 2500
rads single exposure of “Co y-ray. Marked
destruction of the acinic cells.

Fig. 8 do. 56th day after irradiation with 2500
rads single exposure of *°Co y-ray. Degener-
ative atrophy of the acinic cells and mode-
rate fibrosis in the connective tissue.
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