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The purpose of this study was to investigate cortical structural and connectivity changes in the
auditory system due to the absence of unilateral input signals from the hearing-impaired ear in

patients with unilateral hearing loss. Twenty-seven patients who have severe to profound unilateral
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hearing loss participated. T-1 images were acquired to calculate the normalized cortcial volume
(nCV), and seed-based connectivity analysis was performed. It was shown that the nCV of Te 3.0
was decreased in the left unilateral hearing loss (LUHL). In LUHL group, a significant structural
correlation was observed between region of interests (ROls) within the auditory cortices of bilateral
hemispheres, while right unilateral hearing loss (RUHL) group showed significant correlation
between thalamus and auditory cortical regions. We proposed that cortical structural reorganization
in unilateral hearing loss patients, that is different by deafness side. These results are expected to be
related to individual binaural hearing performance in unilateral hearing loss.

KeyWords: Auditory cortex, Cortical reorganization, Cortical volume, Structural connectivity,
Unilateral hearing loss.

INTRODUCTION

A=A FH(unilateral hearing loss, UHL)S =1} &
Tz ZZA Q] vt &S u|eh o]= Ao
5 37—@41101] ET3EU F4 FEI AFEHE et
= Oﬂ u2h k24 Ho=A|E Cozad(1976)

= = HA HZEI A (pure tone average
[PTA] < 25 dB hearing level [HL))o]Z, HItjZ9] Fi&= 114
Z(severe to profound, PTA = 70 dB HL)] HGA|E 7|
F0 & Aottt o]=gh FE &AL v Fzt JHE ]l
stof HZ4A 2 59 HakETt ofue}, & I3 55 H4A
(central auditory system)2] 3} 3 8018 4= Q= wEl g
2 A48 7HRE 2=t

PS5 FHE BtiAA A7 HJHE lsto] S5 F2A 9
7154 AZZ3Hfunctional reorganization)& °F7|AlZItt.
FE A7F A BRI A, SiRE R Hz dA0A HiE
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O & wAE0] §lof, A& Aol thiet HA=F2 A= AL 55
AR A4S 6 tS AA0E R =7 Y )
%o QIth(Hine et al., 2008; Ponton et al., 2001). 131 &
22 U323} o] iR A J2e ZH= Ao bz ziAEat
ot} F35 FAACNA ES H7F R ExtFo] dojdtt.
ojg|et A= AFA Y-S o= 3 753 A 383
(functional magnetic resonance image, fMRI)°|4 27148

2|5k (electrophysiology) AAME &3l H+9] 7154 Hato
gt d-Eo] R Eih d&5A WgolA A5 Foll &8 &
= A =HH 48R0 o P Hol=d A= ALY diS
A7t} tEo] 55 F74de] 4T B3 SUHEO &
7)) tiAR] S EE Holm AHRI0A Hol= H|thA
2 Gz} ghdgt zpol7t B ItH(Bilecen et al., 2000;
Scheffler et al., 1998; Vasama et al., 1995). ©|&{3} &[] 7|
11;(4 Z’H}_Fﬂjﬂ-}: O}Etﬂ U]- O]—L]E]— A—]O]oﬂ}qE J,]—%_:]_-QOJ th 01
S 9 I & 2 3R 2 7R E Z&Hol Rl
(Li et al., 2022; Li et al., 2023; Xu et al., 2016).

7o 7154 A2 ¢ Aol wEt dixe] Vs
2 s} o2 A Yelgton, 37-edkd 9 (auditory evoked
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potentia) & FFot3S o 5 FHLol vlg) F5

oA g A HEQ 5 H4wAe] tol& 7 (d1pole
strength)7} 371ok= 2102 T AH(Fujiki et al., 1998;
Khosla et al., 2003). @A47H] 5743 P o= QIgt H4d
9] Wz}t 7|54 7t/ tigt A =5 O]—?—J_i Ao,
14e] x4 Hto] gt A= 10
ot 434 SAE e AT }"éﬂ—ﬂlrﬁ‘%ﬂ(\foxel-
based morphometry, VBM) ¥ A17thd 37+54; SA4)7|H
(tract-based spatial statistics)< ©]- &3t 524 HSIE Rl

el

Jl

Sk Aol wEW, H7F AA AT RE sy} dofyton Azt
AL 15 thekol ] oA WatE el Fu] 9 A
ool HskE W sl ATH(Li et al., 2023; Shang et al., 2018;
Yang et al., 2014). SFA|qF o} 7EA] L&A oA g Fo
up2 zhu)ge] TRA Walo] that AT BAjeke] HztAe)
E XA 7F H]-;r'L‘,] 2471—/\]/\15110] i{ﬂ%}—_‘: @57} A&-o]@gg 158

3 A oﬂ w2 727 7ol A4 924 WA of
Wk Q4RO PojubAlo] et A7} Wasek

wjebd 2 QARolE Q24 WY BolA W A 9
of uet 15 e F 724 GHS A5 F IF 1 7R

7] ¥olE 8915}al seed-based ¥Z2A EX4L E3), ¥4

MATERIALS AND METHODS

A7 T

£ A7 $ 2799 224 WY B Bofstaon, &

JHKim &HJ Lee ASR

% A9 kol wet F Y IFe R RS 25 IHT
(left unilateral hearing loss, LUHL)Z 16%8(8+ 918 40.3
+ 12.4A4], F4 8%, 94 8%), = Fd(right unilateral
hearing loss, RUHL)> 11%8(#H+ 13 46.1 + 9.1A4, 943 47,
o4 7%8)0] Zrofstainh, 3 71k A& R o] o= A
gtsto], AA= VRElA A= 4597149 F 717 7
Z A7F ZEE Y FYFA = TDH39 JEES o]&o}
o] 125~8,000 Hz9| a8 Z43FATHGSI 61; Grason-
Stadler, Eden Prairie, MN, USA). ¥&4 ¢49] 7|&2 3§
T2 9X(four-frequency pure tone average, 4fPTA)

T+ Ae] AH=o] 70 dB HL o1/3<] IAE HgolH A5
Ao YA 5o 7313-_ FH(mild hearing loss, PTA <40 dB
HL) A=z sk, A 23 5 9] Bt 4fPTA= 13.2
dB HLZ 4 ol3lor 93 F& 70 dB HL oldelAu
22 Ho|x] k= TAIE Wgo]git) tRto 2 2319 A
% Ad%(normal-hearing control, NC)°] ﬂoq OF%OQ("A;‘L
A 41.7 + 12.04], 4 119, o4 129), &304 23t
¥5 o] A T2 F= FH(PTA <40 dB HL)O]‘EW A<

(0]

71%0) g wIA) S APt olshsint

92 YT S WA ol 44, e, A% 719 42
X, W 4P A7) D g S1zko] e B AR 0.2 fole At
o7} IEIA] eokT, R hR T 2 AT 1ol 92

ST 2ol o], A, A% 79 Foixeln FAHoR
$913 o] 2 2ol egkeh(Table 1),
QA7) Holdt BE A 28L70lg

217 o) 41T &
NN Ao HAY B B =

o Aol YA

rlo

Table 1. Demographic information and statistical analysis between groups

LUHL (n = 16) RUHL (n=11) NC (n =23) p-value

Age (yr) 403+ 124 46.1+9.1 41.7£12.0 0.42
Gender, M/F 8/8 4/7 11/12 0.50
Etiology

Acute labyrinthitis 3 - -

Otitis media 1 -

Post trauma 1 - -

SSNHL 2 2 - -

Unknown 9 9 - -
HL onset (yr) 199+ 148 23.7 £20.0 - 0.76
Duration of HL (yr) 16.0 + 14.8 21.1£20.2 - 0.72
4fPTA of right ear (dB HL) 13.3+11.8 - 86+7.0 0.25
4fPTA of left ear (dB HL) - 13.8+9.0 9.4+6.8 0.13

Values are presented as mean * standard deviation or number unless otherwise indicated. LUHL: left unilateral hearing loss, RUHL: right
unilateral hearing loss, NC: normal hearing control, M: male, F: female, SSNHL: sudden sensorineural hearing loss, HL: hearing loss, 4fPTA: four

frequency pure tone average, dB HL: dB hearing level
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BYANE AETHA ofHet 9= AFtolA ALt £ A

= sHEdistad Y] AT Ys](Institutional
Review Board/Fthics Committee, IRB)Z5¥ %91 go}
UHHAHIRB SAH=Z # 2010-1071).

o2
0z

A

=

o
din
HI

09
Jor

4 2l5(image acquisition)

x| G2 et gAY Fdelstatoll A Philips 3.0 T
(Philips, Amsterdam, Netherlands) A7]5HG47]71(MRI
scannen) S AR&Sto] G, S RulE F-5kal4} 3D
T1 224 7523 AHT1-weighted image)S B53}9TE 34
2y Fol= JEANA =& A2 HE 7Hots] &2 A, ¥
25 2o|A] gtom = Ao 4] gE Aottt T1
T34 AZGA2 multi shot TFE (Turbo field echo pulse
sequence) 'WHO 2 ThZi} T2 TR EF-S o]gslo] 55}
Ak repetition time (TR) = 9.3 ms, echo time (TE) = 4.6
ms, flip angle = 8°, field of view (FOV) = 230 x 230 mm,
slice thickness = 1 mm, 160 slice®] 2.2 FAFS AUk

of

VBM £X(VBM analysis)

T1 724 72942 VBM 242 Algsh] 94, Matlab
(Matlab R200b; Mathworks, Natick, MA, USA) 7|49
SPMS8 (Statistical Parametric Mapping 8; UCL, London,
UK) =130 & VBMS toolbox (http://dbm.neuro.uni-
jena.de/vbm/)E ©|-&3sl9tHAshburner & Friston, 2000;
Good et al., 2001). A& (preprocessing)d FAFL 4]
99(region of interest, ROD)& AA3lo] ROI E4& Al
ot=tl, AH&-E ROI= SPMe] A|g-ot= marsbar toolbox
(ver. 0.43 marsbar.sourceforge.net)& ©|-&3sto] Fz &
A & 67119] ROIE AEet & &= vhtolA &390tk 5
A A7} 9Y(core auditory areas)l FE = FFOo 2= 3

Table 2. Definition of ROIs for the hemispheres

EAAS](Heschl's gyrus)@} o] & A|E1%8H4 &8 A =3}
(probsblitic cytoarchitectonic atlas)ol] @2} U&= Te 1.0,
Te 1.1, Te 1.2 9o 2=, 25 o EFHA 4919 &
Z¥A g (high-level auditory processing)E 5= JFO

= A=53(superior temporal gyrus, STG)Q} A| 225}
7 &8 Ao}l E Te 3.0 EZ35IHH( Morosan et al.,
2001; Morosan et al., 2005). ZF ROI A H+= Table 2°] A&
skt ZF ROI9) 39 (gray matter)Q] TAHEI(cortical
volume, CV)E AAFstA}, AX2)7F B 7iQ1e] 3jid
goll tiste] ROI BIAZE #9] 19| £ s FE5130th
7k ROIOIA 24 #HE2 71Q1 7t & F1] 3715 BAsk] 9
sto] 7iQ19] AHA ¥l Hul& Uo] normalized cortical
volume (nCV) ZH(nCV = ROI volume/whole brain volume)
< BA0]| AH&SHSIT

Seed-based XX HZAM EXM(seed-based connectivity
analysis)

2 Ao 12A TS £49 AEEA 94 VBM £
A2 &3l dojxl 1o R ghS W= o] 8513tk

Z}- Bhtoll A 272t Meiste] & 127119] seed ROIsE A5k
a1, FEAREA(analysis of covariance, ANCOVA)Z o|-&
sto] LolE BAIGE &, 7t TF0llA seed ROIY §-3] Zhol of
St ATE H(correlation analysis)S Aot 4 A] &
T ukAF(inclusive mask)E AH&oto] th] QFollA9] HZ+
7A=0] gFgsto] B A} 5k3l=d], 11 YH2 seed ROIE 2
st F= AFZmA(auditory cortex)¥ AlAH(thalamus)S &
ottt 1% W Z seed RO thet AHE4lo] At 71l
t map< matlab2 0]-83810] r map o & WIAZ] & mAH
ZH(Fisher’s transformation)S 53) THA] r map< z map>.
2 HIRAF G (Kim et al., 2014). FF& 07 HILH z map
S B3 I8 BALS AFsIY L, A 9A= uncorrected

p <0.0058} K > 502.2 4755}t

ROIs Left hemisphere Right hemisphere
Approximate MNI coordinate Average size (mm’)  Approximate MNI coordinate Average size (mm”)

HG (-42,-18, 8) 18 (42, -28,10) 20
Te 1.0 (middle of HG) (-48, -20, 6) 24 (48,-16,6) 29
Te 1.1 (posteromedial of HG) (-38,-28,6) 21 (-39, -26, 6) 21
Te 1.2 (anterolateral of HG) (-56,-12, 6) 15 (58, -4,4) 13
Te 3.0 (dorsal of STG) (-66, -54, 4) 54 (69, -14, 4) 49
Superior temporal gyrus (STG) (-58,-22,8) 184 (64, -26, 8) 251

ROIs: regions of interests, MNI: Montreal Neurological Institute, HG: Heschl's gyrus, STG: superior temporal gyrus
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Rh Te 3.0 k1Y

0.54
0.52
0.50

0.48

nCV

0.46

0.44

0.42

0.40 - T
NC LUHL RUHL
Figure 1. Result of nCV comparison between groups in ROIs. nCV:
normalized cortical volume, Rh: right hemisphere, NC: normal
hearing control, LUHL: left unilateral hearing loss, RUHL: right
unilateral hearing loss. *p < 0.05.

LUHL vs. NC

RUHL vs. NC
Lh

v A

F AN

Seed ROI: Lh Te 1.2

Seed ROIL: Lh Te 1.1
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A 24
EA B4 SPSS (IBM SPSS Statistics 20; IBM, New
York, NY, USA)E AF&5F%itt ROI 242 59f dojd 2+
ROI 9¥E9] nCV # ol-gsto] I5F v|us At o
-, FE LY &S T {u nCV %k H| W= ok
—F&ﬂ% A5l ol 3juld Hul= FHZHFE tolof
7P A 9FE 7] fEo] Uolg —3—%%2& A E 1
5 aS B 1Ak glstdth(Terribilli et al., 2011). 1 &
Mann-Whitney test& 0]-85t0] AL AGE =P}t gt
= P = FHolA nCV 3 FEIA], Y g
A7, 2% 7174 Spearman'’s R4 Aottt B4 &
Aol A pgkol 0.05 HIRtRl AL BAZH & {-ofsirial wrgst
At

RESULTS

T2 7bnCV H| L AR
A 7159] ROIsolA] thA

M A

A
B42 55 nCVe] HE 24 2

LT}

&

Seed ROI

- LUHL > NC
- RUHL > NC

Figure 2. Results of changes in structural connectivity for seed ROl according to hearing loss side. The upper panel is the comparison
between the LUHL and the NC, and the lower panel is the comparison between the RUHL and the NC (uncorrected p < 0.005,
k > 50). LUHL: left hearing loss, NC: normal control, Lh: left hemisphere, ROI: region of interest, STG: superior temporal gyrus, Rh: right

hemisphere, RUHL: right hearing loss.
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AS R Auditory Cortex Changes in Unilateral Hearing Loss

I -5 ¥ Te 3.0 FHollA fom|et ZolE gelstin
Mann-Whitney AF-24] 23, 25 WATto] iR &
on|sH Y& 3 RulE BT 1 919 YYo= foln|
gk Zpolg Ho|x] ottt 11 A¥= Figure 1] A5 o

275} 92 W 710 F2I0]gt Kol 2 Holi= et glglrt
7k ROI ol 42] nCV 7kt Folx|, g @ A7) 1)
R

T 7R Abo]9] ARHEA At #2 g
5 25 BEOIA ol Auke] tehiA kel

JZtm] Ao 8] seed-based F+234
stof g A kol WE 23 AZA4 #iste
slarzt oplet. &5 Tt 22k Bl
ipsi-lesional)9] A F3|(STG) € Te 1.2 IF
go 2 RS o F= dHTolA dxol Hls| $-= &t
(contra-lesional)9] 70 d3} AJLAA 7t S7Fok= Aol &
1=t &= ¥ (contra-lesional)®] Te 3.0 YGL seed
2 AUE A S oA RS 25 vk (ipsi-
lesional)2] A7 di} ozl 24 AZYE Hol F vt
T seed YHH thS wH9] AW AN F7HE 24
AZA fE-S &5t tHFigure 2; upper pannel). °]2}
= OEA dxo] &5 HFEY 71 A2 seed
F3t 5LgE vhte] i JY QoA A4 (auto-
correlation)o] TEE| It

5 L 22 B4 A3 25 Tt
5| T2 A2 WIS Bt -5 TS 2l
= Wl (contra-lesional)9] Te 1.0, Te 1.1 ¥Fo] seed ROI
8% 5 B AT S7HE 2 A S ERlst
SHFigure 2; lower pannel).

QUM LEXMO| M2 HZHIE Qo 710 XX HZIM B3}
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DISCUSSIONS

£ AtollAl= 1689 25 Fga 1199 5 dollA
A7l 2 W 2 A A4 HIHE gRlskaAt stk

US P TolA ti 2t Hwsto] A7 B F99
22 WHokE It Ay}, 25 HolARE xa i 79
AJol7F #AE o W A9l t&(contral-lesiomal)Sl,
Te 3.0 YHollA] Wolxl F1] 32 Rlskitt A
29 IS4 FHIA 15 A9 A2l OE A
249 7154 x2St gRlElom, £ Aot st
Al 25 dolA olfet ARAST B T35 UEET
(Bilecen et al., 2000). fMRI 9479} HZ-FAY] ALo)A
T 5 WY Ao & PATET o £33 gt

& Ho 1%
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T2+ 3 4do] BRIk Fujiki et al., 1998; Hanss et al.,
2009: Khosla et al., 2003; Scheffler et al., 1998). o]={gt &}
ol Q7] AN E4 Wt 4 AUtk(Belin, 1998;
Johnsrude et al., 1997; King, 1999; Zatorre et al., 1992).
AW Ao Nxed EAo 2y AYELd & bk
&g ot A2 95 vt Blsh 4179 %3
7} @o] o]FolA lom At o & netu|EA|Z(pyramidal
cell)7} 2 A4 A7 (afferent neuron)Eo] Y=
o Fti& o & ghgolut A= thet =-8-do] HojxItial gkt
(Anderson et al., 1999; Hutsler, 2003). 0|2} Zo] 7|5 € +
A EA O = QIS AHH o & - vhro] 7t A o] A 24
o] ¢ o3t o & Ho|m B oAk H5 WA
A AY & 5 Fzudo] A&H A S o &
A Haprt op7|E AC & AT 4= Qlrk & AtollA 95 3
T} 2 Tholl= Aol7F UEhA] QLT olEjt A= £
= 79 Az FAR Qg &Rl &= vkt Pz Ae] skt
A o 2 vlu|eHA| Yehbg-Z& AlAketH o= & #9] HZ+
FA7} gz w|A]= JFol Aol AY 35 wh+te] &
Ztmjgo] 2A Aol 7]-5H 0 & Hdtsly| offths 7Hs A
of7|git}. X ASA I SAolA F2A Wk AT A
7} A=, 4417 F%(acoustic tumor) TAHECNA
0483} gEo] A9l g 1A AE AYE ddcl=
9E9] Bo] HaF HHE L 170 olvie] F4 L&4
SRt A & 7] A ofuel t2A W7} dofd &
HUSFATHL] et al., 2023; Wang et al., 2016). oFA9F &
Tgo] TFFRI Ax| Wz (cerebellopontine angle)oll ¢
sto] 27171 AR et Y54 ¢ e ® ndo) 4
Z4 WokE Agshrloli= ofgl&ol Qlof, & A+ et Ay
2 H] 1= of Pk

T-24 A7 3#EE ROIE= Te 3.0 Yot o]
EFE5TH g5 A woto] whet LRl o]2} Aztw el
FI(STG) I vi=(dorsal)oll YAk, o]= AdY A+
A 25 dHTolA 716 A2ASPE dold 9 &5 538
(posterior STG)2} H]5=gt /Ix]o] Ql-50] ERI=THBurton
et al., 2012; Morosan et al., 2001; Zachlod et al., 2020).
Te 3.0 YL A=FF(superior temporal sulcus)?} &%
HH R (planum temporale) Gl 1o, & #E 4 KU
E]®”(tone monitor & discrimination), % H¥ ¥ HUFE
Y(pitch monitor & discrimination) 5& B3t 84
FAh(Zachlod et al., 2020). < A+ F 5 FHolA ¢
9] SuF A=535]0] Hulol ARy e ¥ S
o] K1 EQ T, o]= 1t 7|ZF E ¥ Al7]ekE o] igit
(Han et al., 2021; Kim et al., 2021). & A7 Ao A Te 3.0

P

oL

lo T
o oX o2 N\

|;9
o 1
2o,

o
4

=

o
.
A

o] Ak

RS

Ay

o

Ogla ﬂla oR

/)

~



919) nCV gt F US4 UHE 55 W 0 A7) D g
712k 7k SoJ5 Afgo] TATA) elor=u), A AT Aol
2oy

w3het 40| Basie), ST 419

QA7 A3z v]go] Hol & AT Aol B 93 UHT

o4 AhH oz nEE Te 3.0 Ao} Rj7t 71o] ool

S o 2o] B 5 Ol AR FEE 5 S e 2
2 9k

AE ABSE 6] o] B2 15 B2 23 7
oA Eol HZAT S ALGSHA Hk & Al o] 7

oA el FTAH RS A4 HetE F4d 999
3y Ru]E o] &gt 123 AZA B4 AP, ¥
d Lol A ol wheh o HZhaAe] 2 A dE4
= el &5 oA e & F40d Zlﬂ 2]
tito] HIs oA UL, AT dAtollA] BarE S vt
9] FZuA 7t ==k (callosal connecmon)i ZA5lo] &
4 th(Hackett et al., 1999; Rouiller et al., 1991). & 4
AZ B0 ¥ v FZ4eE 7] A2 S4l(core) FHE
= ol&}F 7 4 7he] AZ R IEEo] Sl E2lstal
o], 2 Ao E SH YA &Rt ofy=t A5+
Y 7k9] Aol S7HES ERlskt 0|9k HEA ¢
TS B ALY tiER &5 v Hztu A oF50
A (thalamus)2He] 24 AA/do] F7F=lo] it 5] W
ZZ£ A (medial geniculate body) 2% 3ZF 271 A4
= A 7Yl Te 1.0% Te 1.1 B4 JHOZ A8
& o, Rt} vlawsto] f-oj5kA S7HE A do] W=
1 o)== AJAHA 7t AZ(thalamo-cortical connection)2]
ZslkE 243 Z 4 drh(Hackett et al., 1999; Lee, 2013).
Langers et al.(2005)29] o)A 35[3’—]-7‘4 AZA A (effective
connectivity) 24& B0l 4502 Y& PPN S5+ 4
ZI A" iRt 7ka Hdo] AAE =T, A58 =
o]&-s}o] =71k9] 519 0‘3—‘?— 7] do]| o|27|71A]9] Azt
A2 WSS Hislelth 454 S A= A 59 A
7} @At o2t 559 A7 9= WE Ap=o] etk vt
o] W&ol A Asykgol gjI=Eglor, A% AT
Blo] A= thE A7 A=E wet 59 /\V*O}?(lnferlor
colliculus)2t WS &A= AGH & &5 w9 F4uds
Xﬁ‘jﬂh g 7‘1] Alsteilct. sARt O] :rloﬂfq W Foll ot
< 579 HAA 5
482 ﬂé ‘_%, g2 &5 HHe g, —?—é g A9 =Y

0

Ay fon rlr _WL

o_|_‘,

I
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240 2 F4lo] BAJsie] o
solck whebq 2 ?HE B0 3 e w2 18] Aze)

e,
_Il}l'
0_L4
q
o
o -
T“
1o
o)
'rr‘
i)
oX
>
o2,
olr
ru[o
il
oH.
)
N
9,

o] Itk & HWH OLH 0135}@‘*0] é*é o
Q9] o2 =9 2A HIF WEESICl, 1 A &
Q1 A7 AE AZ](complex auditory processing)?} &
dH Y952 2Foto] BishE BT a7t 9lal o] Y=
O] x5 W iy A7) W 7|7k whEt $skE =R o
g A4k F7HH o & Fasith Al MiAlE A8 24 wst

= FojEgk ope} s o] Al ohie] Wtk REE| of
o], gAtel A9 A (diffusion tensor imaging)S EHE5lo] W

0] Qi 24jo] 37140 2 B astt,
£ A= 454 FHTolA ol whet 2 T oy
o] 3124 Wk} gio] JAA WlE £dlHor B

1A} Sk B HHRAH WRel S AL

o
iR
=)
T 1)

o P24 ] WishE BEIHOY, §5 PHRAINE B
57 gskek. vo] 37 B 95 way WakE Bt

o4
rE
Ko
it

s, W 710] Wl mhE Afolgk wfele] ek
gom, ol Avhe tjn)e] 24 Wapt o
032 Yofuk Zo] ohjeh T Tl %
Ao} WA AR Q24 g BolA

)
s

o bll
i) fu
oN 2 o it omn 2 R X K

18
ruln
1)
- |
gk
2

)
N
5
=)
w |0
10

ZA5k= Agolls 27132 E BAA(compensate)

7HAE 4= SIARE A7 B wARl 954 L st
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