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Experimental Study of the Effect of Microelectrical Current on
Internal Remodeling of Canine Femur and of Anodic Oxidation

—with Special Reference to Pulse Current of Charge Recovery Type--
Gen WATANABE

Department of Orthopaedic Surgery, Niigata
University, School of Medicine
(Director: Prof. Tatsuya TAJIMA)

The effect of microelectrical current on internal remodeling and anodic oxidation
in long tubular bone was examined using femurs of 24 adult mongrel dogs.

To minimize anodic oxidation, obtaining effective stimulation, a generator with
pulse current of charge recovery type was made.

The femur of dog was stimulated for four weeks by various waveform current,
i.e., pulse current of charge recovery type, 1 Hz 10ud; pulse current, 1 Hz, 10 uA;
direct current, 10 uA; and alternating rectangular pulse, I Hz, 10 uA.

The effect was evaluated by histomorphometric parameters in terms of number of
resorption cavities (Ar), number of osteons with osteoid seam (0sAf) and area of
bone resorption around the electrode.

The following results were obtained.

1. A significant increase of internal remodeling of bone was noted in the femur
as stimulated by pulse current of charge recovery type as compared with the
nonstimulated femur.

2. The smallest area of bone resorption was shown in a portion around anode of
pulse current of charge recovery type pulse, which occurred less anodic oxida-
tion, and larger area was also observed in order of pulse current and direct
current.

No significant difference of the area of bone resorption was shown among
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portions around cathode and anode of pulse current of charge recovery type

stimulation and electrodes of alternating rectangular pulse.

3. Using pulse current of charge recovery type the internal remodeling of bone

around cathode of femur, in which both cathode and anode were inserted,

showed a more increase than that around cathode, which was inserted only in

femur, and anode was placed in subcutaneous tissue of the thigh.

4. The internal remodeling around cathode of pulse curret of charge recovery type

pulse stimulation showed a significant increase than that around the electrode

of alternating rectangular pulse stimulation.

Key words: electrical stimulation, anodic oxidation,

pulse current of charge recovery type, internal remodeling of bone
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L. LinLeolilis LT, BEEEES & SEN
CHRIA LB T NE I fE 4 5 DB
PESS R L DA AR L L A EREREOM
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BT A internal remodeling O{EAEZIE A L v
ST % invasive method THREE(LO & 5 ¥
LS WBS R LT 5 s LTOERMEE 77 5
T h R T D S ORI B T R A B
IbF 50 E 2z bR b, JTEEC VTR R O
ML S 5 O TEHIBEOTESBR AN S Lie, ©
POV LB A BRI B LEMEN T A
FfE & e D ELS AR v, BEERRS % 4
BRI v 238 (pulse current of charge recovery
type) MEZ HNI-OTH ORIBIEEAVEN L, 6k
HEh TR, BN v 2B, SRR &

ORI R & BRI (bR B o TR L
(Table 1). & L fFRC L 2B EI v 232 L 5

VEFY VY

SRR L CEBEE SN L AR R DB OWT
4 B Lz,

I1. =EBE - FESLURBR
=5 1
1. B &

WEIMBESFA L 10pA THBE & EEAKRIT & 2 8WAH
[N oL A 35 L ONEIR « BOMIME v 2 g o0 3 O
Hote B OBEERB A N2t & & oI B R
DERILO K & XA LT 05 HLEAEIRE v
AWBESIEFEREETO internal remodeling 1=
BT EET o TR L 7.

2. EBMERUEE

a. MEb:EE 7.5Kg 26 19Kg OMRER K145
I, HREZRCIZ AESIPIBOBHC L0 35
DF . BB T4 A E Lis (Table 1),

b, EAEE LORBEEE 0 BE lmm @O stainless
steel B (3161 austenitic stainless steel) @ Kirschner
R 2 A e e ) — R R B L, MR omE L
15mm L THERHL Y v eRE L Lo ERE L
fo. 801 BRC - BEA SN T discharge duration
450 msec & 2 VT v A BOTEE RS HBO®E
fif 2 BBt H 1A~ spike wave T discharge &4 1Hz
TV AR EN —10uA & e D Lo IO BIER (LT
TEMERA v 23), 2 FRcid pulse ratio 101, 1
Hz, 10pA ORBEVEER v AFEOEEREE (LITH
MM UL AR, 3R 10pA OTERER Y AL
7o (Fig. 1).
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Table 1 Classification of materials due to waveform in
Experiments 1, I and Il

E Condition of stimulation Period of Number
X | Group Right femur stimulation | Left femur of
p Wave form Hz|uA (weeks) dogs
Group 1 pulse current of 1] 10 {stimulated 4 sham op. 5
charge recovery type
1 |Group 2| pulse current 1| 10 |stimulated 4 sham op. 5
Group 3|direct current 10 |stimulated 4 sham op. 4
pulse current of . .
It | Group 4 charge recovery type 1 | 10 {stimulated ) stimulated 5
alternating rectanglar 1] 10 by p.c.c.r.t.l) by a.r.p.z‘
pulse
pulse current of insertion of insertion of -
I Group 5 charge recovery type 1110 anode and cathods 4 only cathode” °
Total |24

1. p.c.e.r.t. = pulse current of charge recovery type
2. a.r.p.= alternating rectangular pulse
3. Anode was placed in subcutaneous tissue of the left thigh.

Ly
pulse current of
0 charge recovery type
‘ I l 1Hz, 10gA
g : - -10 genarator
] sepe! and
: buttery +
;—’l sece
? 0 pulse current
l } [ l l ( 1Hz, 10uA
- 10
R L
0 direct current
OuhA Fig. 2 Schematic drawing of the Experiment I
-10 in both femurs of adult mongrel dogs,

Fig. 1 Wave forms of stimulating current, electrodes made of stainless steel Kirschner

applied in group 1, 2 and 3.

PR UTHEEAREE L. EmERASMI HRA L,
O LTOAFMUEESERT S Lo EREFIA
B Lte. i, RIECEES S OB T
e RpghcEg s Lo L. BERELE
FARBRE O 4 BEFT -1 EARBE R ERE L A
LicO L TEREET control & Lz (Fig. 2).

d. BEEROMFH 4 AMBER L, WAREE R
L UBRBSOIBETREARE Lo, BT ER LU
X BE L. #OB70% = F L7 b o — LT 24K
B LT o 25 iR nc @B L, SR floRks

wires with one millimeter in diameter,
were inserted and fixed with Resin 15
millimeter apart.

"Various waveform currents were used
to stimulate the right femur.

The left femur was not electrically
stimulated.

L UBGHR, control i 2 OB AL B/ 4 5
MoIE 28 100pm OEFKEEEIY % Bronwill B
HMIE T E CfFk L- (Fig. 3). 18 > X B
AB L hAT# 4 S HGT0M YR % Villanueva O tetra-
chrom #¥:54 % LCEHBIL 2.
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ﬁi%&%kh%ﬁ‘ LI AR A, BRECE T

i U TR AT & 5 e PAT I ) s h i 2
EIRRoE @AVW% PIRIO>E B O BRI B
: BLUBHMEZ R ERGH Lz SRk s =a v
Ea— 2% (Canon BX-1%) &5 2 & {1 F— (i
: ., RIS I ARSI T R R AN L

K& S0 L BB < Tosh - OWIR O E§ % BB
TR L% SR ok, 3POVISECHE L
(Fig. 4).
2) CEAEEA L A gEREOC 5 S internal rem-
odeling ™
(a) BEEBBEOHN
51 BEOKBRE O R UIH % SREEMSE T8 9 1
CHARL T ma v a2 — 50 o Fib

Fig. 3 Undemineralized cross section, ca. ) o
’ L 7o Sl KR
100 £ m, was made from the region, at B ISMITIE L BN L T E IR

~—

which each electrode was inserted, and BB & A L e
each section was divided into four (b) HEEEIRED parameter OF
J : t BB O AR, B 1RO A SR
—quad.: lateral (inlet of electrode) aspec 7 i . i i "
B—quad.: medial (outlet of electrode) aspect B BALHERS T ) ORI (LU PRy
C-—quad.: anterior aspect Flobh Ar EBET) BB mm? & BT TR 0
D—quad.: posterior aspect O A bk 5 H D Yo WALEL ( (L FE i §§Uf

o, 7oid osAf ERE) B mm? AL 7.

D BB BMIB o5 3. # B
PN i wﬁWH%lﬁﬁmff%ﬁwbﬂwmwﬂ a.  BHSEBEO BN

B GBI A A, RElAB, BiEC, B 1 AR E

DIEE 1Y 53&5“1" (Fig. 3). i JZ)“%UUJ/) ELFUx B Lo B OB R im0 %m 40

MA

Fig. 4 Area of bone resorption around the anode.
CO: cortex CA: callus MA: marrow

Area of bone resorption/width of cortex= — e
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B YR d - 1 HIE MBI < v A3 & B < ) Py e—

A DY BT 1o ' T Heants,
2) HWEE (Fig. 5)

5S> B IR 13 B A Rl 97 A e K

0.15
<, BEREThEGBEEES . LT, 2O
R ORIBUR O FE1 2 AN 405 L ED R o

LA, RIS HARRE L A g TRATE L 2 0.10 -
P b & CHEZE (p<0.0D) pald b

b HRCFPRUETIIESR (Fig. 6)
AFBTR, BRIEL A ORISR ROH L % T
1

AT, FEEHRORLAECE IHOAZROFK
HO L RE LTEE L
D E1IBOBRBEE (Ar) o0 T Grl  Gr? Gr 3
HROBEMOER S L OBEE & control o . ) ) ) )
ek o i e e et Fig. 5 The result of area of bone resorption
HRBHCOWT Ar ZIHIL, ThLhiconT around the anode in the Experiment L.
t BEE AT - o, 5 e HIR BB & LT co- friv p <0.01

N fm2
AT

cathode
]w- right femur
anode

not stimul, — left femr
stardard error

EY R

3

Fig. 6 The result of histomorphometric measurements in the Gr. 1
of the Experiment 1.
Number of resorption cavities (Ar)
Number of osteons with osteoid seam (osAf)
*% p <0.01, % p <0.05 vs. not stimul.
vy p <0.01, ¥ p <0.05 cathode vs. anode
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ntrol L9 AHEOXESY § - THEML T, B
LR & OB o T H 5 Bk 3 i A EO
WA R L.

2)  E1IBORHAE (osAl) 1wowT

5RO ERE, BEE S 410 control L0 4
HEOES & - TN LT 7o, BEREs s B ofH
TR O 4 B A EOMInE R L.

EEE 11

1. B &

FHESD BB v A A R AR S LB
WS B FERHER I L DA L LT A 0B
ST Crab WA e 7 1/ 2 kg R A L o O T Vo
HpE & BATEI v 2 R E SRR R R RE T
internal remodeling =38 JIF 8- U T HRESH
L.

2. EBMHEELUHRE Fig. 7)
a. MBI AETKg D 10Kg OB A 5 H

(B4 B oM ABRRE % fv /o (Table 1).
b, TEEMERS L OTEERE L ER T LERO
stainless steel A & FRE FEEE VT

Fig. 7 Femurs of adult mongrel dog were
stimulated, with a jacket containing
the generators and the butteries,
for four weeks in the Experiment Il

(eA)

.................... +10
0
beed bdnns -10
pulse current of alternating rectangular pulse
charge recovery type
1Hz , 1024 1Hz , 10kA
generator generator
and and
buttery buttery

R

L

Fig. 8 In Experiment II (group 4), electrodes, stainless steel Kirscher

wires were inserted into both femurs of five

and fixed with Resin.

mongrel dogs

The right femur was stimulated by pulse current of charge
recovery type, 1Hz, 104 A, and the left femur was stimulated
by alternating rectangular pulse, 1Hz, 10# A,
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c. FUWEERE : 1Hz, 10pA BEHIEMR L 29 & (Fig. 7).

pulse ratio 1:1 TEEEHMO 1Hz, 100A OFE e. BEEAOLFR : BB LS L

TLOBFARALRI B % MR L7e (Fig. 8) f. FHRTH: BT SR LT 4 BRI ET
d. BEHE  RARBCEA LERE, DD Y — B 0B WAL & % 4 OTERRG) A RO S & 58t

N R T A OB SIS L 0 Ao L, R 3 (LA ST L 72,

ERMAD R ERT 2058 T, KYE i EB 3. &# R

KD LN v o bORAST » M AR a. BREBEOTRME Fig. 9)

P b5 L OBEE &850 L. AR Iet ik TEFTIEUSIN <L 2 3 O BERE 5 & BRI & ATt 0
TEORMIA v, e ARRE I 2SR A 4 2EBIOA, BEEI-OLTE 2 YR A L. 2
M CEMPIABREIE»SH 7 HE©) BB L HIR OSBRI &4 LSRR, —o 38

NS
l =M = Mean+S. D,

mm?,/ mm

0.05 o T T
0.025 l T :{:

anode cathodelalternating rectangular
pulse current of pulse
charge recovery type

Fig. 9 The result of area of area of bone resorption around the
electrode in the Experiment II.

NS: non significant

proximal electrode

]—le[t femur : alternating rectangular
[::}dxsr.al eleclrode pulse was applied

N w3

Ar 1 Fl standard error

oy 15 16 17 18 19

Fig. 10—1 The result of histomorphometric measurements in the
Experiment II.
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b, HUARCA B

AGIR O BB R B B A 4 OB A B R
LR LA

1) ASHRAETAIGETE U 2o e KRB oo Al & A
o s (Fig. 10-1)

(a)  WRER (Ar) oo T o 5B A
TR & A & ORI R T - T

(b B (osAD WouWT 2 EHE
M HBEOEN b -,

2) TR v 2 9RO B AGL & A
RO BES & okl (Fig. 10-2) Ar,
osAf 1k & S e FASTER BN v 2 i OFRR
oo A ORI AR L.

3)  BERTEIEY S v A g R oo B R AR & 2SR

N i
Ar

45103 %%

|y PR
HEGREOERR - o HEE (Fig. 10-2)
(a) WEEE (Ar) oot 0 5EHAH 4 B
HOMWCEBEDOELRD ) -1
(h)  FHNH (osAf) wouvT: Zhd 58D
4 Bl FE ORI E BEOMINA B b - fo.
$ER 11
1. B #
e NETLETE L & 5 FIBEH R A TS 13 5 (P 0
F@%ﬁV?@k%ﬁtt%ibﬁzw&%fmr i
WREE RN & A BEEEETO internal remodeling
0)?522%&0>%:0: DOUVTHREE L.
2. EBMHELUEE
a. FELAE 10Ke 2 14Kg OMFER K 5 B4
BOEBEE L, T OIS A
b, HE KBS R T SRR 15mm [HIFE

cathode — right femur
anode

[ electrode — left femur
[I| standard error

— right femur

Bes 15

17 18 19

Fig. 10—-2 The result of histomorphometric measurements in the

Experiment II.

%% p <0.01, % p <0.05 cathode vs. left femur

o op <0.05

anode vs. left femur
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Lo IaRR S A SR L. AR E B 2] VIR Lo b % ER & L TR O B FEERP
AL CH R4 s R A 8 5 L D WEEE 2 mm, & HE L. 1 Hz 10pA OBHEEUE O A g sk E
X 250mm @ Kirschner &8 % HERN 40mm O 7 4 B L ORI, AABEC LT 4 OB I

anode
placed in subcutancous tissue

Kirschner wire
$ ¢2mm

L :250mm

cathode

cathode
anode

R L
Fig. 11 Schematic drawing of the Experiments Il (group 5).
Both femurs of five adult mongrel dogs were stimulated by
pulse current of charge recovery type for four weeks.

‘ig. 12 Photograph and roentogenogram of both femurs at four
weeks after beginning stimulation in the Experiment I,
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cathode-right fomur(anode was placed in lomur)

N fm? ENNS]  cathode-left feaur{anode was placed in subculancous tissue)

Ar i l:ﬁ'

standard error

4 P<0.05

b 20 21

22

23 24

Fig. 13 The result of histomorphometric measurement in the

Experiment III.

X, AR b m R L 4 ERIEE R L 7 (Fig.
1.

o, RO AR R S R0 2
T, 70 KIRER e 5 (BRI 0 2 RS A R L e
DIAHToRER T L FkEE L7,

d. FETE R SRR LTS 2 O R
o Ar & osAf AEIL .

3. B OB

a. WEESYE JOX AR (Fig. 12)

Bk & PR A B P BRE L G ARE Sl o 208 W
VR L A AR TR & A R e T R
tein ot BRHEARRE S R TRBUC L R R
e fo.

b. HERAREHIEER Fig. 13)

WA B PN S LA ARBE ol & RO 2y
PRVCRRIE U 2o A KRR B i OB E % B L e

1) WREREER (Ar) oo S LB

2) HEAR (osAD oW T FE L EHO
135 M85 B & & B AR Lic T i 4
FABFEOEI RS -

. = 2

A. BEEBLIBER
19544F, RH® ZHCNERE LA EER O ET

OULWTHRE LB, AL 1mA RO INERICE -
THOBENER - S o L A% L. Friedenberg ¥ i1
30mA Ll EOBR THESICERESAE IS S, &
O A 13 100pA CRERBIC RSO RS & B3
FEMEL D A T EARHE L, ChHOBBERE e TH
FBUNEWTH B, MRS NER I &2 R
BB ST ERY. EED, ZoOBEE L.
B OBFELPUR & OB S AL D& F .
19784, Suzuki ¥ (X stainless steel #[Hrd LT,
1, 10, 100xA O, 0.1, 1, 50Hz ®10& 20pA
DOV AP A BET L L BREECEE, s o-a, =
VDT S O L R LB VBRI &4 RIS L
Foo A EREH LU, 1979 EE S LR L 5 ol
L7c®7, Al b L TERIICERK 100A
% stainless steel SITERUCRTE T 5 LBERBERORER
HBEILER L, ZOFEERE XBTESNT 5 LHE
RS TH DL, 7 m— o, = o vk Ol
MEMEBEHENE S D 2 &R LY. Z OBEREIE
Wit s B2 5 0 Ll L bS8 bhb. DEDE
T 10pA, BHIME VAR 1 Hz, 10pA, & L OVER R
WA <L 236 1 Hz, 10pA OBCPNEREE S L 55
AW 2 e 2 S B E A E <, RicH
HE S AP TEA BRI OV AT & A SRS A
Lileofo, LI EELEBPEICEEIC L0 Ak
P S BBRBREE LR > TWA D R Tl & &
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DEFAA L7270, T b b ROKEEC stainless steel
BB E LTl ARA L TEE 10eA % 6 8H
BB LA O AREOIRKEE N A A D &
PERR R AT s B LT, D OB RO X
TEIHAT - TH D ERBEBR G THHH, 7 v—
L, =y gL 7 o - nn oL TES TR
15 BRI Y — 2 535 DR 5 1R - T
LTt
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B bR 2Ro L 0T v EBbh
5 DRI b A R B TR IR 0V 6 B TR
FLLWEERD.

Wright 2V (& stainless steel THOBHERIR
BT ERBED, TRMERA b Ab 0 s LT
NABH ¢ 18 silicone coating #& & 2 TRALE LT
WA,

F KRS B eI i o LRI
20k A P TR OB R P O B IR O L0 AR P v A
WOFh Lo &bt o &b, FOEECEIL
BER I ES L 2 EEAIEICR X, BERR LA
5 L& 0 BOBLRIB AR SE 5 D EBT
L EEZT

B. @&EERE L ZEEENERE TO internal
remodeling (& LEFTHEICONT

1. BEENO basic multicellular unit (BMU)

& L TOBMES S OB HAL
Frost ' {1 remodeling it Z ABC 3B~ O

O Internal Remodeling % {ig: UBHRERIL%
& 4 Rk o R T 933

BB E R A SE DB 0T, BU
BEEE A S O B3I % o 2 R AR T
LESEI I — o OB AL S LT L LT, oD
HRBEL D/ B Z OBR%  basic multicellular unit

(BMU) &7, SO0 ko & 5wl
~NTW A, remodeling OEREIVBE TH S BMU &
RoEY, XY, BERERY A b L AT E o ko
THIBE B LTEMAL (activation) & TEFFHIRC
S L, BOBI (resorption) AV S 0 &KICE O U
LB EmastE, RETHLIEROMR L ERIC
i< 3 2o orE T & A FOBE (formation)
I A, 2Ok 5 remodeling OBEMHELITH SH BMU
DIEENOIEF L activation—resorption—formation T
HEFTE B, - TR - B R E - hE e b
A EREAD remodeling A5 D LRI s,

2. EESFOBH

AL & OO ERE LB S w5,
TR A TH L ARRTRLBMSRE VL T
5O TAKERT L AR TORIBMRh RO H A W
B2l i g\ TR <o A B RO (3 U R
(Ar) B L UOBHEAL (osA) A& & control ] &
DABEBEOEL L - THINL Tk 9 BRI O 7 B
&0 LB AEASED bR, o THRECLDE
BT ® internal remodeling (18 b E 6 S
nh. FLEERS R B S spike BTH
ALBBHR & 9 4 internal remodeling # & b A KR
NHL LD -

SR8 R FE IR (M O ABERE T ine
ternal remodeling AEmHShi e L TRy, &
SHIBUAR A S SRSB4 H T ERE T
internal remodeling % & &H 5 2 & AV - 7o,

C. BEBEERMILTERDRESEHDIFHER
{CDWT

1. HIBE R coEt

S 1 CERANRIRA v A PRGBS A
T LR e L O b, BRSNS L D LS
o fe, HABREEMAEULT S Jorgensen %) AL
SR A & T DIERR L AT Hinsonkamp 2
PR A OFRE S BB GRE OB A i L
HLTwL, BROBWEINEFHE LT Hellinger * &
TETRAEIGUE A B A IR U TR RSB B i S8
HLTWD, L LERIT IO L RO
W & TERTEALE v 29k & & Hled B & BRI 2T
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CE BB A BN LT e 2 & L o B R ki -
W U 2T B C O internal remodeling
VRTEATEI S AR LB S L ED LD SRR E
ha.

2. BREEEES coRH

PRI LoD B4 B 5 12 0 1 B R A R PR o Bk
Moo B 38T 5 itk & 4. SR I cilill A s L
THMICEE UG RO TR LG &
B S B SRR R N O DT 00 oA Rk
LB CIIA O ER S i - TN S, SN e
kA& BMU 2B 280 maiiialiy 2 EE
HCH 5 ERT5 T &L FIIHE A & - LB
NEEEB L ESBTL A0 EF L b, milis
BHO A internal remodeling % & 0 &6 A%
oty

¥ 19829, FHLURE O T in vivo TOE
FELN AR <L 2 BB OBED impedance A B LTk
DL D WA LA v 7 EERR A IR T
B L A, 1 Hz, 10pA ZEE LA w0
Azt T RIS Debye BUOSIORE T > o
IV bFL AL D Ry, Ry, COffiRRDLEE
impedance (3O A BEE B E I &5 2
o le RS B L L O TR i 5
& impedance (FESY & 0 TERO BRI A X e
WEThhI bawaichibil. HEOELFEHICITR
bk, JEERIETE, RIBBUREYE R S ERRT
0, FIEPD p~T0 5 &9 AREDE O impedance
WAL, RSy, MBS L D RS D L TR T
LA E A TS D SR T A S, B OB
Bk L 0 REF D TR A B BRI R L
B EE S H RPN E < S0 LR L
FERCERE L R EEL LR D,

D. BRRRC I DBEEGHRICONT

Klapper * {3780 APEEHE & 70 AW A T 2 b
T CHE L, WO 5 R R % B 5k
A COERRBBBOFRAED I 5 L HERm LT B,
Treharne ** {1 in vitro "Gl UEMROER & v &
BEET A SO L, RO IT R R A SR e e R R
B oo R GBS T A & F . RERTE
TN/ < 1 A BETE CHEIB T & £ - 1ol o b
internal remodeling BEH BRI KBS P D & L
b, FIEEEOFPBIENE-EE L Hh D,

WIS VpkocE11A

v, & &

ARG v A gk, EPE, BAEPE Sy A gk, AT

U 4 TR O W % MR A - BE LB o

internal remodeling O{EHESHE F L OB EBEMLORE
AHEE LLL T osid s 1.

1. TEAREIEA v 2 BRI L D B EE O internal
remodleing MERD LWL D EPER SR

2. THAGEIRE S A gk & EFCR S OB S A gk
e Y Ul e A R s N U IR il BV E]
PSS AP TOPIE L 0 bt <, RERE SRS L
Wie Do o fo. SOREED BB EIBON v 2 g
8 B BRI bR R S i,

3. AR v AEEE O, B ErcEy
TE A B oo B W EE Uit Lrc s, Bl
B <A EREMNO internal remodeling BLE 5
o SRR T X

4. ESHERERACBy k3 5oy & 4 TE AT A /< v 2 iR
EFHIEBEOBEOR B internal remodeling
(EAESh A LB U 155, internal remodeling (2§
OB O T 0 B ETERE L 0 &S b h, iTEBES D
F7 EBE R S L OED D B R R

B

Fntz Dwdion, TR & Lk BT
MEE MBI ES I LT 7, Ao
T & o TR BB, IR BT A
MREFAES, Bl oM, B,
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