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Voice Tremor in Parkinsonism : A Preliminary Study for Differential Diagnosis
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ABSTRACT

Tremor is a main factor of parkinsonism. Voice tremor may be the first, later or the
only symptom of a neurological disease and its frequency, amplitude, and regularity may
differ among the diseases of different neural subsystems. Differential diagnosis between
idiopathic Parkinson’s disease (IPD) and multiple system atrophy (MSA) has been difficult.
This study included three groups: (1) 6 IPD patients; (2) 6 MSA patients; and (3) 20 age-
and sex-matched normal controls. The MDVP (Multidimenstonal Voice Program) was used
to analyze the sustained /a/phonation. The results were as follows: (1) frequency
perturbation parameters (jitter, sPPQ, Vf0) and FTRI of tremor parameter of two patient
groups were statistically different from those of the controls (p < .01); (2) measures were
higher in short-term and long-term fO and amplitude perturbation in MSA than IPD; (3)
however, any acoustic parameters between IPD and MSA were not statistically different;
except for the rate of frequency tremor, 4 ~ 5 Hz in IPD, 5 ~ 11 Hz in MSA and (4) the
pattern of regularity for voice tremor through histogram indicated that amplitude of IPD
was irregular while both f0 and amplitude of MSA were irregular. In conclusion, FO, rate of
frequency tremor, and pattern of fO regularity may be predictors for differential diagnosis.
These findings might signify that voice tremor of parkinsonism was resulted from
modulation of f0.
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1.4 &

AA(tremor) & &, 72, 4<, g 59 A3 RN BFHE BFoFola £5H
9 |2 YoltH(Smaga, 2003). FFAEA Y &Bo2 opr|He WA F
S A $FAZE] nANHoz Ayg" u LA AL e
T4 A AZxF(cerebellar ataxia), thdA Has
(multiple sclerosis)® #Z2 t¢d AZAA Aol Tejdt I FaF #Y, 4 T2
A Ao AAE W Mol o) A2 AL AP, £HH 42FY JHL o, F
%, % 5olA 15 ~ 3 Hzo| 32 BEHY, EglA A (essential tremor)S 4 ~ 12 Hz, 2
gdu #EFTY ALE 4 ~ 6 HzR A (Blitzer et al, 1992; Ardan, Kinsbourne &
Rushworth, 1966; Aronson, 1980; Aronson, et al, 1992; Gamboa et al.,, 1998; Hartman, 1984).
ojg|g Aol FuolA LAt HAZAHoR EAAIL e ¢ FihHE UEHUE
AL S xA(voice tremor)el2tL F=d(Brown & Simonson, 1963; Ludlow, Bassich, &
Connors, 1986), dvtA o2 O Fg A7 Aoz s BTt 4 A4S FIHA
2 712Fas AErt F71A 2R gFste 5 /AN 24 ¢ 43 AW Fagrt
BHE R o g FaHEY, 2 B wel 1 ~ 2 Hzel =¥ FH4 HFEES Holt ‘wow’, 4 ~
6 Hzo A F34E HolE ‘voice tremor, 9 ~ 12 Hze} wWE Fid$ WFES Hoje
Slutter 2 F+& 5o} Buy7|% Frh(Ackermann & Ziegler, 1991; Aronson et al, 1992;
Hartelius, Buder & Strand, 1997, Koda & Ludlow, 1992).
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(Hiroyuki et al, 1987), ¥ Z(retus abdominus respiratory muscle)® Z A (Tomoda et al,
1987), &4 #Z(voice arrest)& FWetE &4 74 S(cricothyroid muscles)®] Aol 7179
£E5A4d 2399 B=(Ardan, Kinsbourne & Rushworth, 1966), 349 & Z(thyroarytenoid
muscle)oltt &34 ¥k ohz, FF¢4Z(sternothyroid muscles), #4442 (thyrohyoid
muscle)® Ze FEFZ9 AH(Koda & Ludiow, 1992), £5 9o 2 22U Brown &
simonson, 1963)3 Adlo &% 3¢ 2 d(abduction)® WA (adduction), &<, 3, A7, €9
AR 22 AEA(supraglottic) @Al I xo] Hele H4ge Hdglo]l & & ASA BE

1 39t (Ardan, Kinsbourne & Rushworth, 1966; Jiang, Lin & Hanson, 2000; Jiang et al.,
2000; Kent & Ball, 2000). £g, 434 dejs A% 54 ¥ oidzyt &4 &l e
g, 3 2 aAwA A yvebdoh(Hiroyuki et al, 1987, Jiang et al., 2000; Kent & Ball,
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2000).

ook AAEA FAde BE SANAN EFS By, A ErHed $4AAL LA
Ag= FxoA Yetsi(Aronson, Ramig & Winholtz, 1992), o1RL &AAZ, Ad
(vocalis muscle), 33H 2] d33F £ A7 FAJtL 3t HAckermann & Ziegler, 1991).
w2 AozAQ “flutters 3 vhilZold 2HEA F 447 85 (amyotrophic lateral sclerosis,
o]3t ALS), $% 2% 8 Z(myasthenia gravis, ©13t MG), €34 Adivls] &xe] osld Ad
oA Yepdth 8 tHAronson, 1980).

AUY #ANFez AT A4 BAH $4 Dol veive ZF¥A LA ol (spasmodic
dysphonia, ©18 SD)= 1 <o} oka EEwsixut, 7153, A4 Adsy 49 £2 34
AL AFEH Fxo ol F& AAIEH ojdg HUYI % HAronson & Hartman,
1981). ZdA LAZNE HAd WA ¢ 2 FE AFo] F2 dFEy sgen, 4
9zl &Aow U R AMLS F2 FoF£ AFol FLHAA deddn I
(Aronson & Hartman, 1981; Ludlow, Bassich & Connors, 1986).

SHRAAL B4 ey AW e &5 28 F7<& (Idiopathic Parkinson’s Disease,
o3t IPD)e] &AM E yelvde 3L 5F F s, ©f RSl resting laryngeal
tremore BAEA dton, T A Aule BH(rgidity), 4 E(bowing)# HES &L A
g HAHANE 7T s G (Perez et al., 1996; Geraghty, Jankovic & Zetusky, 1985).

AAe Apol=dA FFF(Shy-Drager Syndrome)d 22 #&FF ol 2¢d dAs
% Z(multiple system atrophy, °}dt MSA), 7|43 HyZ3 2L He B =37
(Parkinson’s-plus syndromes, ©}3} PPS)S M E B 15 cH(Tison et al., 2002; Wenning et al.
2000; Wenning et al., 2004). ©o] & MSAE IPD9} 713 &3] £%5 50 #&HE @, o
AR ANEF, 2HFEL, FAZ T, ALEZRA o9 EFRA &AL HAA, &5F
ZRo A ZA 829 80%A F=AA vEtue #&e 548 7= MSA-P 8% ¥
gol e 20% #xle AdAd AxFe F2 2% 54L& AL MSA-C 3% Y2 vUe
tH(Wenning et al., 2000; Wenning et al., 2003). £3], ¥ &% % (akinesia), 724 (rigidity), *
Al A 71 (postural hypotension)® Z-2 A AH EF B ol dxz e &4, FARE &
T A HA, SRR, ¥4 A (hypophonia) 59 &4 S0 HL&WH FASER 1
g g oy Eo] %ol gH(Wenning & Quinn, 1997; Kay Elemetrics, 1999). Z13id], A
A4 H0&EF9 5] IPDSF MSA#AE Hsts 73 g/t €45 REdy F3HAG
Z MSASAE= ¥ AYAHQA B AA(resting tremor)& Hole FAlA A (posturalt FF
(action)F o] IPDf wis] of Wiwis]l #@Eo], AWe] HPgel we} o= (intention) A
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T 871 IPDEAEY o A4E T3 SAHAEAHE Holr] wWiEe FFIA FAEC] ¢
12t o &8t cH(Geraghty, Jankovic & Zetusky, 1985). W&lA £ ¢ Foix = IPDS
MSA A ol SAAAe] g3std FES vludgen], A4 el 7d

AR dF At 2 F d' A BuA A0
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E dFE= A%FdA IPD 52 MSAZ #3d" #AE FoA, B8 4% 44 A AAHH
o2 gARA B3 HE #x F Titze(199%5)9] £Fol & ¢4 159 3 7kx) BF 71& F
Sen 2o HHE Type 13 Type 2 HEL Holx 6 B IPDEAHF:=2:4, 55 ~ 704,
HFEY 638 A} 6 B MSA BxH(F:d=214, 61 ~ 69 A, HTAH 623 A)S Yoz
3t FoH(Table 1). IPD &2+ Hoehn# Yahr & 2571 2 9, 39 4 922 BT 30092,
MSA #2+= Hoehn# Yahr@4:7t 257 1 9, 30] 5 Ho2 BF 3264t BAFozE 81
T3 Az o] vl ouklERH o2 HA FTEAL HEHe] gl A HEF WAA
A Bo] 2o glon, A%EH Aol g BA 11 B(HEAHE 615 )} o2 9 B(HFF
A% 622 A % 20 F(52 ~ 68 A, BT 61.9 A& HF22 S tHTable 1)

Table 1. Summary of clinical features of 12 patients with voice tremor

Case Sex Age Dx Voice Modified Extra- MMSE=* Onset of
tremor H&Y laryngeal symptom
severity stage tremor site

Lip Tongue Physical  Speech
1 F 62 IPD 2 3 - - 25 4y 3-4y
2 F 65 IPD 2 3 - - 18 10y -
3 F 55 IPD 2 4 + + 28 4-5y 4-Sy
4 F 70 IPD 3 25 + + 29 3y4mon 8y
5 M 63 IPD 2 3 - - 27 10y ly
6 M 59 IPD 2 4 - + 30 3-4mon  3-4mon
7 F 69 MSA 15 3 - - 21 2y 2~3y
8 F 62 MSA 2 25 - - 16 4y 4y
9 F 63 MSA 3 3 - - 29 3y 14mon
10 F 64 MSA 3 3 - - 21 - 3y
11 M 61 MSA 2 4 - + 24 13y 10mon
12 M 60 MSA 3 4 + + 25 10y 9y

* MMSE: mini-mental state examination
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&4 A5 AFH Aol AHEHAR FE&7]E Marantz PMD 222900, A7 FapFo
A BEA B e SRS AR 7R Zg/aVE 3 3 ¢ Thed AA ALEA 5
Aed, slo]agte] AgdE 10 em® 39 .2 CSL(Computerized Speech Lab. Kay Elemetrics
Co., Model No. 4300)¢9] MDVP(Multidimensional Voice Program)$t MSP(Motor Speech
program)2| voice and trérﬁor analysis® ©o]&3te EAM3lct @xe 4 5L ZF vy
&7] Y8 LAY BREY 27 05 28 AT 30 279 4E FYsHA AFFA o
2 24 9oz sgor, 3 25 AN 23 Aol AL BREY 05 28 AT
HQFYPA S EAYGeR gt 24 bes JAE V[EF 95 (rate of freq. Tremor) 9t
A A=FI4(Rate of amplitude tremor), 7|EFFHF9t Gt Fag Wold jitter F,
shimmer, #7]3t 7|8 F 34 Wolel SDfO, sPPQ, Viost #7137 7= 8o|¢ sAPQ, VAm, I A
A3 42190 FTRI(FO-Tremor Intensity Index), ATRI{(Amplitude Tremor Intensity Index)$3
o1 FO histogram® amplitude histogram& £39 7] 4 (regularity) & & H] 3 &} i T

23 ALY
4749, IPD &%, MSA @29 &4 Aol U@ S¥%Y S WEF FAPEY

Kruskal-Wallis¥H# & A}&35t¢ 3, IPD 3219 MSA &49 24 A9 £XEL Mann-
Whitney 2R ol 438ld vl ghon, A 5L 99% At

a2

3.4 3

31 72E%% 2 712 Fas o)

MDVPE B8 8% %8 +3S(Table 2) FoA 7123059 A< PDEY ¢
¥ 133 Hz(124 ~ 141 Hz), A= 249 Hz(196 ~ 284 Hz)E 12, MSA 33X+ Ea= 201
Hz(160 ~ 243 Hz), 9 A= 210 Hz(168 ~ 243 Hz)4t}t. ¥x9] g+ 718 Fu4+= IPD $Hx+#
AME AN GA BF ANEFERE 131 Ho(104 ~ 168 HORT $7 55, MSA BxhzolA
U =4 Uehdo. IPDS MSA o) 7RFsaE A4 ozt BEY 190 HAI75 ~ 208
Hout 24 uehohFig. 1),

|
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N IPD MSA

Fig. 1. Fundamental frequency(Fo) of normal, IPD, and MSA(Hz)

7| B2Fa 4o EFHAE AAXIT 1621 Hz@ oY, IPD #x+2 19.76%, MSAT L 1472%=
ARAA R 25 B Uehgon] A g ol FAH R F2% Fo]E BHHp < 01) (Table 2).

a7t Fa4 WolE uUellE jitter AT 0517%, IPDIolAM 2.141%, 13
MSATANA 1990%2 #FAHU. F7] 71&F 35 gloldlxe MSATY FA7F 2F &3
=d|, sPPQY(Smoothed Pitch Perturbation Quotient)®] A $, AAA+E 0.63%, 1IPDTL 2.39%,
MSAZE 245%2 #FFHAT *3 2VFQ(Fundamental Frequency Variation)? 74, RAAkX
= 097%, IPD && 447%, MSA T2 810%Z(Table 2)(Fig. 2), Al A o] @71 £ F
717t 718 FaF Wol7t FAHCE F% A& BJ o (p < 0l), [PDTH MSAT o=

T SAALE F% RelE HolA & UtHFig. 2)(Table 2).

25

1) sPPQ(Smoothed Pitch Perturbation Quotient)-pitch period 55 7] Zo] Wi g5l
AgHez Hrlste WUL2ZA U 7TEUY SENOlE BAET

2) VFO(Fundamental Frequency Variation)-7|EF3t4et Azl EEFAHAXZ, 7|EFg$9)
Helg HoFr),
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Fig. 2. fo perturbation parameters in Normal, IPD and MSA(%)

Table 2. MDVP & MSP parameters of voice tremor in Normal, IPD, MSA

N IPD MSA
(n=20) (n=6) (n=6)
FO parameter
FO (Hz) Male: 131 Hz 133 Hz 201 Hz
Female: 190 Hz 249 Hz 210 Hz
Sdfo(Hz) 1.62 19.76 1472
fO perturbation parameters
Jitter(%) 0.52 2.14 1.99
sPPQ(%6) 0.63 2.39 2.45
VI0(%)
Amplitude perturtation
parameters
Shimmer(%) 3.10 448 5.36
sAPQ(%) 3.50 5.80 7.64
VAm(%) 7.81 10.23 18.96
Tremor parameters
FTRI (%) 0.28 2.40 2.13
ATRI (%) 1.38 1.44 499
Rate of freq. Tremor (Hz) 0~6 4 ~5 5~ 11
Rate of Amp. Tremor (Hz) 0~4 2~6 3~5
3.2 7% "ol

@71k A= deld shimmerd) Z$E FATL 3.101%, IPDELLS 4479%, MSA T
5361% =2 MSATIA ©@7|zF Ax¥ol7t 743 zow, A7 45 ¥oldME A MSA®
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A9 Fx7 2% =4t &, ¥sAPQ(Smoothed Amplitude Perturbation Quotient)?] 7%,
AAA = 350%, IPDE 5.80%, MSAE 7.64% %t} “vAm(Peak-Amplitude Variation)2 %43
7} 7.81%, IPD7} 10.23%, MSA7} 18.96% % tHTable 2)(Fig. 3). 28y}, A4+, IPDT, MSAT
A A TollE ZE Mol shimmer, sAPQ, VAmS FAIH o2 {93 Ao|E Ho)x F%
o}

—! |@N
— |BIPD
— |OMSA

shimmer SAPQ VAmM

Fig. 3. Amplitude perturbation parameters in Normal, IPD, MSA(%)

#a A E¥Q YFTRIFO-Tremor Intensity index)$t ®ATRI(Amplitude
Tremor Intensity Index)E& &t 7 vz23g =, AT E 0278%< FTRIS 1.384%9]
ATRIZ} 235 ith IPDE9 FTRIE 2401%, MSAT S 2132%0]AX, ATRIE IPDZ°] 1.440%,
MSAZE 4990%2 Yebgtsd, ARE, IPDT, MSAZ A I o F34 A W@AY

3) sAPQ(Smoothed Amplitude Perturbation Quotient)-pitch period 5570 Zeo] WA el A7}
Lo Holo HFmo s AulF oz Hristes #edoeZ 3 AR SAHAZE ¥olg B
o Z1,

4) vAm(Peak-Amplitude Variation)-13 3 A& cyclezte]l FA4ZE Holdl g Jdi=<d &
FHAE PFEHolE HoF _

5) FTRI(FO-Tremor Intensity Index)-AAEA-E 9 dAs) ¥ HHU2 HpHAA, F3
F ¥zE AFg 94 F b4 QUAZE & F349 dUAs AR F3445 dyA F A
A sE ¥ & '

6) ATRI(Amplitude Tremor Intensity Index)-AAEA L 93] A& & HWAU2 Hz)ol A
JE Wdzxd AFSH 24 F /MR AUAsE 2 FH59 AYAZL AA Fae AU F
A& v &

B f
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FTRI%te] EAH o2 §9oF AolE RYen(p < 01), IPDY MSAT e FAHez #
9% Aol Holx th(Fig. 4)(Table 2).

N

IPD MSA

Fig. 4. Tremor parameters of normal, IPD and MSA(%)

A E 0 ~ 5 Hz, IPDTAME 4 ~ 5 Hz, MSAT A&

T =5 9w
~ 11 Hz9 ¥9 & Yehi A HFig. 5)(Table 2).
o ZEE FATANANE 0 ~ 4 Hz, IPDEANAE

2 ~ 6 Hz, MSAT A& 3 ~ 5 Hz9
g et tH(Table 2).

Z

A

Fig. 5. Narrowband(45Hz) spectrogram during /a/prolongation: voice tremor(IPD #4)
rapid weak flutter(MSA #11)

35 1EFA5s BE 7714 Ad

FO histogram# amplitude histogram& Z3] F7]43 &

AHE A3, PDTE F35
= BT Aot MSATS
£ 2 HFig. 6)(Fig. 7).
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Fig. 6. Fo histogram of normal, IPD, MSA

HL“M.

Fig. 7. Amplitude histogram of Normal, IPD, MSA
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o Fag Zx @ FHPLS HMZ gE AAEH JFRAAN JTFE U=
Mol g A& AAEA Ao d Add AF A7 AP dAA /83
2 7t NEA ZET ol FAINM disl]l SFEH EAS AAgezy T AE: 7
A QoA 4 A FAHA de ALY 1AE oJHsle H E8E F F U] GO
o #1&59 4 5HL AAAHoZ IPD FATAME 4R oYox e FEe
BT AR g 7o $FE EAon MSA AT YR F A4 1 oA AE
I FARE X 2L vEua, R 6 3 F 3 #olA vocal flutter7t HAHRoH,
gz qF2 A-RAY (gurgle voice), 1§ &L FF 2 respiratory stridor, T ¥& 752 @
A %A vtgAlE 428E BHAT wE 4 1A ‘vocal flutters EFA npu|dFdf
A ZAFSAAEF, £FIFEF L 4EA4 Ad oEEAY ostE AddA vedta
8t &=l (andrew, Mitchell & Clarence, 1992), £ 7 dAE 6 B4 MSA &2 5 1 @A
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A9 &4 ERAY FA o)F A0 BFHAD 0FSAHL B A HNE & 2 e =L
velde Z42 JAFEZE F2 A 1FY EZE g A HY, 4ot flaccidd 3
Soll ATk Apol-Z=#A FFTL MSA 98 5

& - A1 8- 31 A 8% 8 (spastic-ataxic-hypokinetic) 9] B33 vhu|uo] 24, 49185417 M (upper

motor neuron)&4 @A Axo wil g 24 2 FH EAE SMAA G 53, F &
d Z(posterior cricoarytenoid muscle)& FAdE &% 7Y HIYPL 7MxeH, o8 Z&E
I e WEETY 9% 2 Ad JAZY v E doA SFAEFAEAXY &4 AHd

ol viu|TF ool YehtE stridor, ¥3F % 22 4 E&2E vEddz sged
(Hartman, 1984; Isozaki et al, 1996), ¥ 472 A% 945% Y SHEAN o 22 &
AEo] vy SuA AAEHAME B F o 135%A SAAZM] FEHNTT FIF
on, $A4AAN FHd4E 5~ 7 Hed 4 ~ 6 Hz9) W9 E ZEdx 399 (Andrew, Mitchell
& Clarence, 1992; Perez et al, 1996), ¥ oA IPD9] H$ 4 ~ 5 Hz, MSA+ 5 ~ 11 Hz9
AAFIREE Jehddn. ojafd me ogd A Fares ged § 25dXE fAE F
g7t BRI SPed, 2 A70A IPDE F ¥ €RE BoE A9t 29, {9 9

g Fusle Z97 3 ¥ ANer, MSATAME d& HHol 1 ¥, 39 ddo] FrdE
A7t 2 % AAEd, ol2d 2I#e HEYxE $4 A9 dde] 4 # UHA e,

AE T3 DAV Bolvt 3FEV T dY¥RE AN A Ao F& EFUF Hod
1 3¢ th(Jiang et al., 2000).

E dFolAE MSAZE o AZg 23 &4 BAE 7HA7] HEd o v FF5E £

g 4 gled, 2434 A $FEE EHANES ¥uwd Z 3, Hoehn

% Yahr @-’3:7} F A2 2 xRSl s BFEtE, MSAZE @71 Fag R ZE W

s} A7)k Fa4 2 ZE "ozt 3oy, IPDSF MSA ol AR {93 Aol HolA

NNeFgee 949 B9, MSA 8479 3F 7|&2F 57t 201 Hz2 7HF gk, o
g v 949 VEFd dAgste Aoz FY x=UF4oly IPD SATHY w2
Aeolrt, o]s} o] MSA #Aw e BFr|EFssrt S718 AL 9 -?}ZP‘TLQI diel A5l
F1#e ZAoR AF 3F 7Ty d¥gE F £ 5 o ol

3
B AEFRsd 44e FF 429 23 2% 9% 2 A9 %Y 2§30 5o Az

ir

aomr i?l%%Ol Zaste 34 =20 AR »}E}urzlnrmamlg et al, 2001), MSA#A}E=
AUF9e AV 23 2o BulEolud FHAd(bowing), T4 B 2 Fa® =% Y
FF Fx, Ad 2] v|Fr|Agdo] #HAAHAYD 6}%1°“4(Countryman Ramig & Pawlas,
1994), Aje] %02 A% AT E(sulcus)olt FHANE 7HAT AE AS, B4 A AE
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A7l ANRAE Bolo F1AR AT dgoly wdA 4T ¥ 5L g7 AEE
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Bolx WaE gldldh =8 MSA7L IPDe) Hlsﬂ Z18Fae 2 ZEo] ozt o o
oz foF Aolg BHU ST} FAE UA. ol Aol=dAY AL
Fag Ho] FHAAUE MY AT dAF}E
@ﬂﬂ"—}(Hanson, Gerratt & Ward, 1984). ojs} o] & 7|&F5
2 X digk ZAAdF} B¥e] Aon A=Y, MSASAELS oY SAHE ofs &
T 24 vlde 23 Tl o A SAHMY WEd AL
A o) EANOZ fo@ Holx HolA Pk}
A9l FTRIS ATRI®) A%, AA =923 T 3x A9 25 ZEe /&
G4 WA Byed, 712F%s Ad #W F£AY FIRIE FAAHLE fo Aolg BA
o, & AT 7ol EAHLE FY% Ao]E Hole
4 RAdY AT FAdY, IPDE FH5Y 7R ¥F ddol Be ¥, MSA:E
% < MSAZF 534 whelgd

NzA £¥4 vl TFele T8 54 F s $E2A BES AL A5HS F34
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ot FrEel ol yrhlifled, ¥ =
BojA e stk Ty, Z|RFHSFe] A GASAES AN, GAdH 44 2F =%
o, AAF gAML AAENH 5 AEHNEEL 5~ 11 HzE B, Fo59 &
Aol FB&AH L voice tremorE, HAEHES S vocal flutter& YEMHAG. Fato 73
BAAE FA&AE S 7 AHE B2 9, GASASES EAE E73H Hde ¢
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827 2 F 0SS AxEAY. oldd Aie HN&EFo] ZE M

#¥E Qol7t d Ay dFaivt € F US5E BY .
AEYNE2Z A= S0 <EF(parkinsonism)S Boly &AW i dol otzxo
o smz A e FXEL RO IPD, R/O MSAY 5 7H4 Aoz A

o gxllA BEEE JAPFAE 2 A AARUA & J1x AdE ¢3 e el =
& MSA A+ iy Fo] £uo] 3 ~ 5dez AqFHoez Ags Forg I FAJ
ALY Bzt AAGstE A9 2ol Fxd 348 Fe A ue oY ol a2 £
ATE olHF FHL F9 BAYNE BT IPDY MSA &=zt zhd Aol AFE AH
dA o]Fold AFAAZAN FoF YA AXNEE JHE F e AAHA, 59 A7
dqAE & o dAdAFE Fosie 8 dF 2749 AEE ot Zo] e
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