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Effect of Radiation on the Nail Tissue
By

Kazuhisa Haruyama
Department of Radiology, Tokyo Medical and Dental University, Bunkyoku, Tokyo, Japan.
(Director: Prof. T. Adachi)

1. Present experiment was planned as one of link study ‘ effect of radiation on hard
tissue 7, 7BNINININE) g0 far studied in our institute.

2. Nails of the hind leges of rats were irradiated by X.radiation (200kVp, 18 mA,
H.V.L. 0.24mm Cu, F.S.D. 30cm.) and effects were studied by micro-and macroscopic
observation.

3. Nail matrix is most radiosensitive and next is nail bed tissue. As for matrix,
the proximal portion is more sensitive than the distal part.

4. By single irradiation, 1000 r shows almost no changes, 2000r gives sever injuries
(Fig. 10-15) with later recovery and as to 3000r, severer damage but no recovery (Fig.
16, 17).

5. Radiation effects were reduced by fractionation of dose (Tab. 5,6).

6. Shedding (fall off) of nail after irradiation were observed more early as dose
increases (Tab. 5, Fig. 30).

7. Mechanisms of shedding of nail were discussed.

8. Recovery index of nail tissue, shedding taken as an indicator, was almost equal
to that of the skin (Fig. 33).

9. Growth rate of nail tissue was about 0.1 mm per day for man and 0.15mm per
day for rat, and they were prolonged by irradiation (Tab. 4, Fig. 27, 28),

10. Processes of restoration after pulling out of nail were studied also histologically
(Fig. 18-23). _

11. As a whole, radiosensitivity of nail tissue were shown less than that of skin

[ and hairs.
12, As to chronic changes, seen many times in cases of occupational radiation in-

§ juries, further study was promised.
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Table 1. Total dose and time of histological
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Fig, 1. Longitudinal section from a digid.

1. Free edge of nail plate. 2. Nail plate (dorsal)
3. Nail plate (ventral) 4. Eponychium

5. Nail wall 6. Hyponychium

7. Nail matrix 8. Nail matrix:
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Fig. 3. Longitudinal section of normal digid. (15x)
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a b c N
Fig. 4. Transverse section. (15x)
a) Hyponychium.
b) Distal nail matrix,
¢) Proximal nail matrix.
Mg DBl & & —F LT3,
IR
JVERE MO EREVZ B8 2 BT, RPEDIE ¥
sl & p L U, -FEOE o EEzmAE X b
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&7 DR OWRE R UK, MILE ORI L 3k
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Fig. 7. Distal nail matrix. ( 200%)
Note: Cell alignment of matrix (diagonal).
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Fig. 8, Hyponychium, ( 200x)
Note: Two layers of cells,
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Fig. 9. Method of measurement,

= Growth rate per day
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b) 2000r
JI Ik
20001 JESF OB GO E(LZHEETH B, RS

' Fig. 10. 5th day after 2000r single irradiation.
(15 ) Changes are indistinct.

Fig. 11. 10th day after 2000r single irradiation.
(15%)
Note: Change of nail matrix cell layer

Fig. 12. 14th day after 2000r single irradiation.
(15% ) Nail plate are no longer recognized
in nail root. Matrix cells are disappeared.
Hyponychium appeared thickened and rou-
ghly connected with nail plate.

HAEF AR alERe g p10s

1 H oMM RT A EEEL, 3HICES L

WU ELEbh %, RERO FEEoRZhT,

NTw3, 5 HIichs EREMEOSE 231,
Z OO RIS b kAT B (B410). 10H & 2 h

2

Fig. 13. 14th day after 2000r single irradiation.
(15x) Nail matrix being covered by newly
formed plate,

L NN oA

Fig. 14, 28th day after 2000r single irradiation.
(15x ) Marked recovery is shown.
Note: Deformity at distal nail plate.

Fig. 15. Same material as Fig. 14, (30 ) Distal
nail plate lacks dorsal nail plate.
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Fig, 16. 10th day after 3000r single.irradiation.
(15x) Note: Change of nail matrix

[ ; A PR A

Fig. 17. 14th day after 3000r single irradiation.
(15%)
Note: Change in nail matrix and separation
of nail plate from mnail bed. Mark change in
skin.
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1, 28H D2 Bk, SRR omHE
EHbh3.

b)  400r x 5 [E1110 0 RSB
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Table 2. Effects at the site of irradiation,

po 2l 4 8 12 15 0 4 78
| ere—
1000r x| [z
L ]
2000r < { )
EEETE
 I—
3000r x | [ i)
EREEDEE
1 Erythema  [EZZ Epilation

BEEh Shedding of nail plate
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Table 3. Histological changes on each group.

Post irrad. Nail matrix

Connective

Hyponychium| Nail plate | tissue of

day

No. of Mitosis| Other changes

nail bed

[
[==5 YL R

1000r x 1

[ 14+

2000r x 1

3000r x 1 5

200r %10

|
|
-
UL
Ll

4=

-+

o e
L T [

I
I
1

400r x5

L] |1+ [t |t |

[T D [FEEL T T+
+

(A R L | [t |

Control Gl

i
1
1

BTV TRIFINTRE L 72 b O 2 FHUE 3
#£TH5.

Bl % —mE R4 L Ti3 1000 ¢ FRAF VTR T,
RS 3 Hax S 14 H VTR TN VHREE D [ 0338
BENTNBATRIEH EOMCZRZE T D X
V. 2000r & Zx AUESEA A RSB b W R RS
HI0H, M4HWCR T MEEOEE LWEERRED
n, FOMBENEOHRZIZEAERD I BEI
Wl bh T3, LA LIhEoEHEH28H &
Az SHREZ R L TwA. 3000r & iuEpE
EF—GEEE Y, NEO EHEMETIZEA E
4% LN oL S T 5 5. L LT2000
r OHEEIPRE RS b h D EEELIA O f B
B bR EEA R LA, BOXKE, S,
TEES S OB F TR Y, TGEREOH
3L WD LR,

ZhCH LIRS ke A, —EIRST
R TER A EEROBREE BT B
200r x104E H10H [, 400r x 5[@H 10D
BB TR CRBENEILZRAD AT L ho

7z

4. Pz kB RokE

E% 72 2 BROME 2 ARINCHNE 23581
AV BN D FARIUX R 182, & K23V 2R 3401 ¢
T, HUNESEME &R0 5 g LU
THROXESEEET 28 (218), /N3 HE
X T TIMEOIE S HIEHR DA I3 I

Fig. 18. Immediately after exfraction of nial
plate. (15x)
Note: Destruction of upper cell layer of nail bed.
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Fig. 19. 3rd day after extraction of nail plate,
(15 ) Thin nail plate is seen on the nail
matrix.

Fig. 20. 5th day after extraction of nail plate.
(15 ) Nail bed covered over nail plate

Fig. 21. 10th day after extraction of nail pla-
te. (15 ) Thickening of nail plate.

FoBERBDLNS (X19). 5 HIZHBREMF
RS 283 & AR REESCIER U ([=20), 10
HICENTFICZORE 2 Los R LIE R
RO 2 bom T Bk L (2D, 4 HIZH

AR AR S SRR Wi2dE 5105

Fig. 22. 14th day after extraction of nail plate.
(15> ) Almost normal,

Fig. 23. 28th day after extractioa of nail plate.
(15% ) Complete recovery.

TIER O FE RE & #202UTE & S LA
WCED (22). 2811 &I ME O RS KU TR
JNFREORE ST DS & R IRER D 5
nTws (1X23).

LLEofn  Hmo S, USRI D
T BT B (3 LB LT ORI B H I
Ebfiabhn, 28U TOEREIEIEL,
4L TE S IERCHE L T2 HR AL 1
5. LINLOBRAYEETE, L oMKEE
YRR T MERED B T Z s i e+ BT
RWPENTHY, LRI EbABML, R
O AR EA TR LD E~ZN
T AR

AR DA T RO MRD FEE 12 2 ~ 3um
MM 28, ZORNMYAINETH HEE D Ol
MTEzEI I EDLENTUBERGLEN TV S,

— g —
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PO T Z DESMEMTH 1 ~ 1. s FEHERAEAE T
BZEICAY, THROBEERNS2EY Vidd LT
AVE TR a7 4 P 38 S HERME, JH
BIHESHEE 0. 15mm & R 7 ~10H & 2 B b
TH 5. LEOMMIEARORT IR T Z OBEFR
3T 5.

5. JNOAERWCHT B BRI

(—, ZOmRENEEZ)

EEFRA CBlEE L7~ OfE 2211 & e iy ¢
THot:. Bl biz g iz 34RO NEOER
LSRRGS 247072 5ERB (Case 1) %, R4
FO AR TR TR 2 T A L7 iaRis,
% (Case 2), g\ ik (@M BA RS 0 —RER
(Case 3) (24) 1zo ¥ /N @ L =HE 2 W% L
7z. 25BN RS A N CFIR R A L E
FlOMOELZR LIz DTH B.

Fig. 24. Nails of chronic radiation exposure.
(Case 3)
Note: Deformity of nail plate.

Fig. 25. Nails of acute radiation exposure,
Note: Pigmentation and deformity -Hollow
(arrows)-of nail plate.

1125

MOEROWRENAIBR L HERD 2R, ¥
xR ot L, SR E L CxIERS R
DJNF ATz, AR OB N 0 T F i
P3T DB REE DT {12 2 A THENZR L, Zo
ZIED s & JRF & IR D EEEIRAE oD - D FE g 2 1
& (A) 7% (1X26). HRr0#EE & 32 Z OHJE)
IR T B R, FoRRCR CERRCElE
(B)¥ 5. _h#BVIELFAEERLZNMOE
BEWPLENERY, ZAPERT S &I STHEM
LTt#FEbEh, ZhbOEBNERLIE—IE»S
BRIBEOR TOROMIEHED LN B, X
AR L MOES ¥ HETRThE—H DEE4E
RSHER DN 5.

= TR
e \ / 4 E\\
T

N

Fig. 26. Method of measurement.

A—B
! ———— = Growth rate per day.
fnterval (days) ov ' Fate per day

T ORI IBFE T W 4 FIRUE2T, 28”0
41 < Rk b RS B MO AR IERE M X b Y
BELTWBHERFLN, ZALZRIROKRAD
TPt ST — H 100 12 BT IS ERY/ N E W
MIETHAENAS NS, L 3FIIEL, 240z
L UMY BN FED bh T b, 205 R
ABTOEFOMOERZPERLIZLOT, 20
Fl g — H oMU 100~ 130 TH 3.

6. ANREYBIZE

DI TEESR S BB R 0% 8L % R
SENCEE LR TH BN, kECHOBEICE
% MBS 3 36 & L 7 RIRABIZSEE B v 30
TA.

i) B &

oz SR olET 2B&EES. L
2 LUTABENCNH 285 & X253 HMERHL

g
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HZRER S HOHR S SR Hi24% §10%

Table 4. Growth-rate (u) of nail plate after irradiation.

Finger .
Case | Age (Sex) | Dose Side | . ggﬁzglv%:g;)
BEEEEREAR
300r x10/ |T control 104 j I . =
L{eeas 60d 1| irrad. 93 (57)
r| irrad. 79 | 74| 84| gr| 78
70 (£ : 30d|~ 2
2| TOCE) | 3000x 3y a0 | ez | do6 | 107 83 | 2
Chronic |T| irrad. 75 | 71| 85| 76| 63
diati !
3| By e 1] irrad. 4 | mn| 79| 63| 56 )

W = _AE_B-: A.B.C.:see text,

6 -
A
It 7“2
= I’
E f,,
S
70 %0 7]
(day)
Fig. 27. Case 1, Index-finger nail.
/A Irradiated side.
O Control.
200
l.&
e
1o} o
— /l
§ o~
S ~
100 200
(day)
Fig. 28. Case 2. Index-finger nail.
/A Irradiated side.
O Control.
IhzRINTHHEITLT-.

LR odn  RE MDA X o TR R B

ao ‘
. i
/%?“
P /
o /@ﬁx
e
/ﬁ’/
L /,/‘,4' o
/j}‘(ﬁ'//
ot 714
- /é;'/"/
& e
= /i{”
= /5;,;"/
= v
< i
= f
R

(day)

Fig. 29. Growth of nail (Adult)

®—® Thumb. O+ Index-finger.

[TJ=+=[] Middle-finger. /\--/ Ring-finger.

x—x Little-finger.
Nl s SemEc mo TRiHE L, KiE28H 12T
LATERAN b TAR i X v s BT 01T %
KBONRYFFETH 5. »> GBI THSHEEC L
O NER RS MR oFEE R il H OBk
—RERETE 5B, Zhus b6 MRS
& LTHIG W RIET 5%, Aoz
FEARCIEE T B ES. I BBRRET S
B, FOMN Y RF RS 0L 7=, JTER
EDEBRER LD THEET 3 L = BIR L
AbNB. ZOkkABERN Fistom { Bz 7z Bl
BRI L Y EORITADN I 2HE LT

.V .



BA404 1 A25R

DRRDFERTH 5.

i) JRaTisE

B BRRS X FEE DB A & FRE— BRSO 4
HRA 21T 20w, SR —EEAF 0 55133000,
2000r, 1750r, 1500r, 10001 £z oW T #RE
L, SRS T FiECO 200r %1045 H 10 F FE,

400r X 5FFHI0H M, 430r X 104EH10H
fd, 680r X 5FFHEI0HAL, 1000r X 2F&H 3 H
fd, 1250 X 2[FH 3 FIffi, 1500r X 2fgH 3 H
TGN/ < 72 ZREE D M L 7-.

iii) RgHdS

B3 piE & FARREROBETCH 3R, o
BE—FI 8T & LF DB O4LUE b 8 Lo
AEBOMIZ OV THEE L 72, MOERIzonwTE
R BRI ONWT S LDRED D ZHILD
fidk W ABCRTOHL AT 38, Re DR
BEMDERCR T bEE—, Ak, 8=, =,
BRI UREEORE IS /MECEOFTRY A 50
7228, FER VR TILB—F L TER 2T,

iv)  #RoHkH

FRATHE A L I I MRS il L <—-o
DHEHMERTIZES. b5 0BARNER 2
SERDEE & Y IRMARED S h, BREhEHicEs
&RV L T30 B i8I THER OB M AR

1127
100 : : A
% 7
/ /c /‘:r
S : a
=t
o e
S :
5 /
. / (y
Mé/ ")‘1 JD/ L
20 a0
(day)
Fig. 30. Diagram of table 5.
[J 3000r, /s 2000,
X 1750r, O 1500r

ENDEENRE . L LEEERD R S s
ROBINED % HET L it E T H BT 5
(555, 6, [X30).

RS SROHE E Ltk nboiiiRe i L
T, MHEBE—EHHEBOBRM%I2E 50, iz
—EDOBENE (BIAE50%) 2B BEDMRIFED
A¥E BT 2 005%ETH5 5. FigoELT
VXIS EE28 H EH DN % B LR 50% it RIED a5 144
DEE (BT bR s RNAS) % Higk+ % ZizL

Tz,

Table 5. Percentage of shedding after each single irradiation.

~—__Post irrad. day ‘
T— 14 16 18 19 21 22 24 26 28 30 32 33
|Dose (r) T ‘
3000 37 65 95 100 | .
2000 1 19 30 63 T3 82 89 90 91 93 97
1750 1 4 8 23 | 40 G0 70 83 89 94 99
1500 3 18 18 28 53 70 89
1000 13 13
Table 6. Percentage of shedding after each fractionated irradiation.
|=_ Post irrad. day| .
T 18 19 20 21 22 23 24 26 28 29 |30 |31|32|33
Dose T )
1500 rx 2 18 20 48 65 78 93 100
1250r x 2 13 | 57 | 70 87| | 97
1000r x 2 40 67
1250 x 2 1 5 32 44 61 66 75 81 90 | 93
680r x 5 5 6 34 36 55 64 84 83 90 | 94
430t X 10 3 18 | 26 34 | 50 | 63 83 94| 95

I |
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v) EREER

a) 28HWRAY B HMBk

— BRSO RS 28 HTi W B RN %
PHBLZbONERT T, KBLEZNEEFEERL
2HDTh 5.

SRS DY A A —E % RS L T b AR
CEOTHMSEST LI LA EELH
Y, ZhbOBHEH/MIRGNE B RED: & &IEE
FTEOATRL, ML MERGE L EHEE N
72NN L E W2 a i nizd, Rercfiim
BENERE LaVEED H 2R 0MEEER

AREFBARE MRS H2e B0

Table &, Percentage of shedding observed
on the 28th day after each fractionated

irradiation.
Dose (1) Shedding (%)
1500T % 2 65
1250 T % 2 57~T5
1000 x 2 —
680r x5 84
400 % 5 —
430 r %10 63
200 %10 =
5. )

Thi¥E oM Tths.

Table 7. Percentage of shedding observed
on the 28th day after each single irrad-

T FVI A E50% DI 2 BB RS0 AikE
Higd 3 &, —EHEEBEHOBEIT2WTIZE Ol
Thih, 1000r —ENZDWTIX28H BT

fation. 13% 71 % By50% BT B B3 0 Tl & ke
Dose (r) Shedding (%) V. ThEPERERETZ EXMIRZOML A S, Fhed
000 100 401 < 50% BiMa 2 B R AHR1600T 72 % BT
fg“g :2 BT~ B 233312 & 2T 1600 T V2R B 50% B
1500 28 TICEREDO AL, #9248 258y fhis Ea &
1000 13 WEEI NS,
Table 9. Time after single irradiation to
109 IS - the point of 50% shedding in each group.
e/f"y g Dose (1) Day
;’f 3000 15.5
sof ;” 2000 20.1
—_ !
3 / 1750 22.2
] !
£ 2 _ 1500 30.0
000 2000 3000
Dose(r)
Fig. 31. Diagram of table 7. 0r
DRz X i, —[ERES 0B-E2i23000r FES \\
VR TEABIC B RS b, #950% R 248 Rl S~
B EI3HI1600T LT P BHEAMIIT ) b i g
EEh, AHURHOHETHRHERFELTD & 10}
—[EIES OBE & Y BRSEMET LT 350 &
AOHENB. . ;
1000 2000

b)  50%BiMiED HE
(&JNH 23 F50% 5N § % 3 o Hif Td

Dose(r)

Fig. 32. Diagram of table 9.
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Table 10. Time after fractionated irradi-
ation to the point of 502 shedding in

each group.

Dose Day
1500 x 2 26
1250r x 2 23—27

1000r x 2 32
680r x 5 23
400r x 5 —_
430 r x10 26
200r %10 —

SHEIRA O%E ORI FIODIN RE N, v
ShyLFRZECLLRGEZTOH#T—ER
HOBE L VIERE 2HERRE L, FHITXD
RN —ERS DG RInERHLN D, T
neO¥EL B E—~ERF DS, BT
R E A BR—EOR/ME ZEDHMENE
THERFDLENS.

SR D BAT HIEL O  RETEEE Ak L
LTHEZIH LB %A, —EARSEERZDE
HETH2EREL LS, Thboliizhn
PBUERLTEIBRETHS ). FOWIhHR
BZUTHHIMETH BB, wIShILTH—
MRS D HE & Y 4B 0% 2350 % /2 5
EOHMIEEL T3, b 720y
R E W TWABHERMSN S,

vi) TEEEOREERKIC W T

%5, 6 PN— RN LU E RS o Rz

-
5000
4000
3000 - 9/ /@
T 0 ;//
= ¢
P
S
2 5

Over-all-time
Fig. 33. Dose-time relationship of nail tissue.
D =D, - To-8
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&) BB L RE R L, MrDfTONR
EAER EMITSEOBELLAELRVCEHITD bLh
3. {HZ iz Dz, Do x—EGE, T
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vil)  ANE

DL oA IREEZE oMo & #3557 il

a) BMBHERAHMOBIVED S
h, FOHIRD % (BRI A% E Echiind 2
b v, FoEE—FEo SRl ERT

b)  Zib oo L ITE TS
T 3. BN bHBCE RO AR L —
E ORI B BRER L WAT 5.

c)  FRROERTIIINZF DA RO
Ttz w1000 fE ¢ dh 3.

d) —ERE (438) R B HMERS R
h SR @ giEE 2 R L, 1 1000r & b fE 3
Y3000 ¥2T 100% & 7& 3. 50% OE/MEIEH
1600r FiEThHhBHEL b NI,

e) —EONME (50%) ZE BEDRHEE
DA H R F HcERE L, 3000 o TIX16H,
2000 V2 T20H, 150071 vIfA T30 HE D (E B 15
5his.

) SlEEEoHaE—mERTICEN3 &,
fi T2 Z8 %36 HAR R 1F 50% i Mz 28 B3 D B
W L.

g) MM X U 7o MoWRERBE
0.337% 2 fENE LN 7=,

7. BRI X B Mol IR DWW T

S SMoEROTiE: 2#E L, Th 5B
EREOBEAMEEZEELTALD.

[ OBSIR = L THEE # b W BRI R0
ER0RB5S.

i) JREESHERSRT & b EES S W~
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