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Studies on the Modefing and Analysis of the EMG iterference pattem signal

SK.Yoo, B.G.Min, JWKim, JWKim, SHKim.

Dept. of Electronics Eng. Seou! City Univ.

It is an important component of the diagnosis to research the morphological changes of FEMG in
pathological conditions. In order to provide an EMG signal resulting from a predeternined
neuromuscular pathophysiology., we have initially developed a mathmatical mode! of electromyographic
interference pattern(iP). 1t can be uded to study the variation of the IP resulting from morphological
and electrophysiological changes occurring in disease states, because the model computes the IP from

the underlying fiber and muscle structure,

¥We performed quantative analysis of the model output, focusing on IPs resulting from simulations of
dystrophic fiber loss and the MU denervation and reinnervation typical of neuropathies, To discribe
the charateristics of IPs associated with these pathologies, a set of frequency domain discriptors,
activity, mobility, and complexity were used, as well as several measures of the spectral density
function. These discriptors demonstrate distinct patterns of variation corresponding to morphological
changes observed in disease states, and closely with results obtained from the classical method,

turn/amp technique,

A8

H A F(needle electrode)oll oj3f MIZ2JHRO T (extra-
cellularly) &% M7 M9](bio-electric potential )&=
Zpzke] 24 fr(muscle fiber)oll o]sf PEE: AX9He %
FANES AY, FAA Yol odsl Yot wEI
(depolarization)® A XuUl® Y% A4 (ICAP: intracel luar
action potential)’} ZHR-& wiel AYXHA triphasicyt
I & Zh= XA UF M (ECAP:extracellular action
potential )& B4AIch 3ol EHU( wotor neuron )
o] 29l FE(voluntary activation)o] 4ZH(muscle
contraction) & HOoZm) MXut ZHAUEHle Yol Az
7t EF el ¥F B (MUAP:motor unit action potential)d
Bguel. ofmf, SLEHAES YAy 2% F(tension)
& 44717 Ao A4 08 WB(recruit)Hol e}, W
Hel wA(force level)ol = tha] o] LEI9Fol ¥
H(activation)Ht}, SEUeIEo] Ariyo s }e ¥ &(low
rate) 2 FEHE 2o 2EcIES HAs 1A, &
o & Ylo] JAxd 218 L5 Eo] FFo] olu] ¥
Y 2EUNES B R £330 LEUY YA
AEE 2EVo] N2 FHo] x|t Az Ad®ct ¢
Y ZAZ(BG)of QlojA ojeitt el SEe YA
%] Y (MUAPT:motor unit action potential train)E& 3IHd
SRA AL B (1P interference pattern)2tx XEr} g3 of
Hdside] §Y& ARZRA ojMe] oaistxl AHS
3817 dM Ao s gt 4 9lc),

2 YAg2 IRl AV niAL weloige B
M 2FYS UEAMNY ndg AFYUch Boyd. et al.
< 25 UF U 2y BF Fito] o}l Jua} A
gaslo] ulel SRV AR F R K (end-plate dispersion)s]
FUE ZABIGCL (1] % Wanig} Guhal= 2ETHS] UEA9
of citt Ao Zolo} TMRUSSY of8le] tish A7
th[2] Nandedkar et al. §& ZMH $1&(fiber atrophy)e]
2, dele Av9} Jo) w2 FHETY UEAY 9
gl sy 2dg Ach (3] olat BB U4
22 J1BY 54U UFANES TR UANHE o)
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et W RAER 29 Aol iyt jeivie g &%
Tl U o] oY RUAEL FESAR, 59 UF
Aslo] it EXMAQl nlelofe]§& AHEstdch (4)[5] wid
of Ztduidol iyt T {et EFDHolM L nelvels o
Yol i AN&Y AL ol  Ar}, Lindstrom>}
Magnusson[6]2 P 24 F nlelriel&& XYst:= 2H:E
Fulf AMEYS 2lg AWSIgr] Berzuini et al. & F
7k Ao TEUES BB St BT ¥F5A4
2AE Aedstdct. (7]

2 =RolME A9 AATM JFH TAE Y
WA B F AN Eaoldstr] 913l ofe)six) najreigo) 2
Y YA 2g o]gsdr) o] HWL AYHow &
AE 2HF sedEREs) 2449 5uidel By oy
o} d2(force threshold), 1@l $Zsfeiof TAstgic)
daole 2EFZE ol83lod Y3t A7 force and time
dependent)of] 2]&H ¢l $ETie] UFAHS] YUL AGelold
g on], 7Hduitie] wE ARZEHAN AolM ezt
Hrlte] ool ciyt ARG sl stadch &, Tdsh
He AP oz M3y ¢ ANEHE2} Fapg Yo
Ao AxES EYsidct. Futs BdolM o] seirE e ¥
AL (EEG)EMol Al8™ activity, mobility, complexity
& £t 2AE Bidnid FMol A gstdch

2 =FRolME AR e 718 glojM B W
g Yot Yz 28HAY 2R Eal(fiber
loss)2t TS efod clojael HAUEZ A EYo|d slnEH
A del, gl Hibdo] wE RAHE Apsl
g3l o] st Hejstd Hatajold] AAF B U &
A=F stdct
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o, of ZHRES M2 BHA poidch PP ¥
E| @i 3sslo]l A4H Aol 2H R UE ExI dE
AE X (conduction tissue) & E}L THF2l HYUyPos A
37t Adsoj At FAAY 2K HFRof e &FH
= 9 200 Y THAE EYSe), Y Y 282
T4 - FUsle EEXUR ol FolA gt} AAZIYYY
(neuromuscular junction)of H¥eo] ol& A¢ ¥AFE 24
X AR oyrtx] Hejgd WUyt dolib=d ARAA
(rerve denervation)oll &% T4 2173¥ (acute neuropathy),
21 A 2R A sl nerve reinnervation)ol]l &J%} gt A1 (chronic
neuropathy), &2 &iol(fiber loss)uje}l A7ALte 2%
¥ (myopathy) o] 2t

2.2 2vieioly

2 vizjoe{s gt o g YE M9 (action potential)Q]
Hdo] QYo 4 F& melvieiel FelaiHd WY
o 48& $& mER JE 4 Uk ¥EAAY 54
of A¥E F& velvjEzE EFUNY Re, 59, 24
fo) Zo|, A HH, AsEFo| Arf. FeUA 2%
2] AEAdeldE sl E 5 2R i & o
A 2t gagch 24K ARLE MR
atrophy E AL} hypertrophy ®of whetd ZFotsizn} 74y
4 Qlth. SFo] Pdt= EFLHNY £ FHANAN 71
§tof wietd ZF7isiA Hch

2.3 #2482 line source Model

SAfE T 4522 v 5Ud vlNEA 25 ojzla
% line source & 713 o}t &, MEY F{FE= 2HF
Zdol AFE oo, AIeM HEFEE H4EY 24F
549 (ECAP) & ZHRHMEYMAF(fiber membrane
current)?} 2HHAYUS(fiber transfer function) 2] 2
YHdol 23] Fajact of UpAE THRAF uel B
EE d9ARdog ¥e dojyd Aslojrh metd i W)
MU8) j 7l fiber 8 2] Qojih= FAPE Thg 443} Zo}
veld 4 olck (18] !

¢y (r2)= I(2) « H(r,2) (3D
I(2) = 384 0, ag 2(6-122-42%)e ¥ (2)
1
Hylrz) = —aﬁ-—!—[ (3)
v 200 Y Q*+2
I(2) = transmembrane current
ay = fiber radius
on, = intracellular conductivity (mho/m)
0; = extracellular axial conductivity {who/m)
o, = extracellular radial conductivity (mho/m)
- 9z
Q= o,

2 3 2§ HoAM 718Y B8 AYsE MEUCH
Ao M9 Al TRl vihA vig Ach g
o2 AAEE HeE WML AFTH Ao ey gauch
concentric HAFe 718 EA2 eldojAqt 7| RH] F
23, BHEIL fiber axis of cthdfM s oje}il 7} yof
ojsix 2 EME B Y4 gk 2 AILd4H A2
A3E 2rl U IHRE AEYs Aok AEHo|EZ 4
MM A& A 0.3328 mm  concentric needle
electrode & AMY¥cl I FH UridLE Yityoer
2Z ¥ (mscle tissue) & FEHI U guidApcl e}
ARFL e A9 A7} viABAS Ar). "4 4,
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Fig 1. Position of Motor unit and Electrode
33 1. Motor unit 2} M3e] 917

V=kxa (4)
AFe Edol il B FASIRIA 7 Aol

¥ix)Bo] RQ HZof chsfM radial distance ro?tF Hoj
i e el sk 28] AU 4 (5)9 Urh

B 1 2 re*R ag rdrdd
Hy(r,2) = - J.o _[”_R—Jﬁ“—’—[zo' o R

= ‘;%TN?‘ Qro R V22 v Qlrg R} (5)

of Alg MEn AR AYRAsIA MAEYASIE (6)20)
et Azt uiof e Mgel 28 F4(circular convolution)
& ol838lo] 1024 MFol tistel Aunsidct Ax} AR}
2443004 tumped H Ak M AJol T Kol sint
& amplitude 7} XA A"t wieiM error & vle} At
31 B ¥QAKscaling factor) 2 AAYH H#|(potential)
ES +33dct. A7 2H[7 A A2 2
1 2 Hch

by(r,2) = Ty(2) *» Hy(r,2) (6)
= 384 0, ay 2(6-122-42%)e *
. -;%%r[\/zz + Qrot RY*-V2% + Qlro- R)?

1. Y95AY Agaold
3.1 ¥EAele] Y

shute] Mue] Helde BE 2HREL EE W] firing
Yol wpepd FAlol firing Elojct 2l fo} AR g4
5 ¥EH99 377 Fobste] HEAN Y duration AE
o uhulel BAZE Uck gl THRl A ot ¥
FUse Ax"y AKel 2HR AL AYHA
(circular convolution)oll oj2} 3tgr). &hije] muel g
FEZ innervating 8l= 3 £E %8 (motor neuron)
% A2 I8E uel Rog HAdA Zetde) ( motor
end-plate 2} form) motor neuron action potential of 9
¥ FH(excitation)}& RE MU fiber§& FAlol 43317
e} 22t time defay 8 ZH: 77kl A7 fiber end
plate?] #¥9|(axial displacement) 2} TA7} Qdrl. 24§
UsHASH YUY 25U EY Yo 84 Z2te] £5U4
U5AHNE B sidch ojuf £5US HEHIE B3
2 RE] Azlol dE&HA AHAVIE LA EHel 2ze)
umpationof] BYUgItt FIHER( end plate-dispersion ol
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of 24% HUFAUEL NTYoR BoiF(shift)F el
th AR08 MPE 1 Al F4€Q FAP B} B
Z%e]l qch 2zin ciA2 WXl AL Aol oMyl
dominate Eoj2ch. MEUANE HE z of iyt Uy
of ol &7 2l(axial distance)z}7] Bri= A1) g2 M
2YsAY 4 Aok, ghel 2482 axial distance 7} Y
4ol of3fM v ActA oA S MERNLE A2 Y4
EX 84 Ak (44 7]

aE i Hal MUe) MUPE b g3} dclh

F
8i(8) = }2; () (7)

Ztzie] we e AgAgE ol o|RE  MC(Maximal
voluntary contraction)®] percent® R H Y} wte} 275
ojd force 7} HAI§ Z22}sld MUPE MAPTE EQHA 2
ojtl. I B R force levelo] F713to] wlelr] Rr} we MU
Eo] recruit Eoj At} A A2 2K (skeletal muscle)
ofl 2loja] @} 60% MVCofiid YutH O R full recruitment7} ¢4
ojdct o] Rulofie olo} UL WHOR recruiteHo]W
cth. EY, fHofl ioist motor unit] 471 ZEigte) o}
ehA A1 E Ao e uiyol Fal HYF Y] oA % of
ol H Aol E7tsY 3= T FAF AL

3.2 Motor Neuron Activity

Z17te] EERUS EYHeR zgsio] A7zt Yof Y&
¢l Weibully random variable distribution function {(8)4}
of whcl waly ztzle] S el I AY AYA|U2of
A3 REAE YEAU SEVH ATFHAHEY &
Ewdel firing ratel MVC 37|71 71l wlet F718io
AP Y(isometric force)& AAY uloll Aol ch2)A
Bzl LEUVHES FU(recruitvent)ol Thzid 6 -
10 Hz 2 AAHo2 4-238ln] 60 - 70 ¥ MVC o= 20 Hz
742 &7yt

fl =S e () (8)
when, o = 389 ms

x(t,}) = 116 - 019 +0.18x 0<1<1
p(t,}) = exp(460 + 067t - 1.162) 0<A<1
t = normalized time duration of contraction

A = normaiized constant force

A4 e A 234260 A3 372K (norsalized) T
Aol | A WCol chsia Y Yol Npelch A7
2] impulse activity® REUs7] Y random pulse
sequenced URAIFI7] 9 UWEUSTE AHE3dcl. Dirac
delta function®. 2 Z}zte] BAF HHsle] i Hx WU & =}
FA] 7]+ motor neurono} ¥WEFP-S (9) A} ).

5,(t) = pg_;m(t-t,) (9)
UBY P& KA 53 Ao} F7iyded wel firing

ratex 7}A ¥},
3.3 MUAPT 2} 1P A8

il A Bol AU A ojye] HA dA{Ao2 A
A recruite Elo] MUAPTE ¥ AIstA ®ch 4 2718 MUAPTZ}
UsiAA ANAA i V2 F ¥dtch s By
o] ANAY #YuzE O3 28 Yol

il Mie] MUAPT & chgat el

N;
wil(t) = ¢i(8)x5,(t) = g oi(t-ty (10)
HAM A QA MUAPTS] 2 (1122} o] FHE
WO = T (1)

i-1
(148 el 2480l citt Hog chajshad (12)A13
Zol Uehd4 Qlrh.
N, F
W) = ,ﬁli 5 g (e-t,) (12)
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Fig 2. Overall block diagram of EMG IP generation
a3 2. ZAS 4R E B4 AT AM s

win =Tty

V. Algdlol ) 24y

A 2]Y B¢ 2HR AP E FFo| 55 um o]
£4tel 6 ym Ql BHEE] wtEcia sHEst A Feol A s
dct. B3I YFEAY dH AUtz 7R sA F
9152 HAle AFol M 6m Vo] FU(uniforn)
sl Exslojelct. & Zzbe) MUE2Ll BF radial position
of ci3iM 3um ¥bAvio] FUEtA E£Xslo] gt 9 m ¥
Aglol chziaE A7) of$ 2oz usix gEch

2E xBaHoldol glold A8l Lol 200 m T I}

Aoz . Q=52. o = 160 o shark FuE

o] MFL 3R F4lol alar) 7ol 0.33280]7, F
nge] Foo2 Ye 25m Hola gluh AlBeolde 20
el Mg Jte ztzbe 200702] innervated fiber& 713
T}, Full MU recruitmentis 60% offd LA3%ct,

Myopathy 1P 2} ®eft}=ql M2l fiber loss, ZHF I
7Ze] W3, M recruitment el HeEHE 27l Kol
7lelstxnt, B E=EolMde 71g sIEFoln ki fiber
lossB H7igoz dAslel ABdeld 3tdArlh  Acute
Neuropahty ¢ Z7jel 7Pg F=d ey Hde
denervationo &J3i4] T4Zo] Ueish= M| &4de] Erle
Flolch, Al Belold g iuie] 7l SIMA MRS BFHA
ol P ofl mjajl= A8k MU 2] recruitment, contraction rate
So] [P off = A¥EL 2 51A] AU A3 denervation
ofgt B Fol AlBee)d 3ol Chronic Neuropathy 2
Acute Neuropathy ~ oflA¢] denervationoflt} fiber
reinnervation& 3713t} A1 galold 3tadch

4.1 A3 9] MPAe|(Signal Pre-Processing)

B2 40960782 clolE} sampleo] ciais S-8¥sielch 1P
= A MEE 9o wgov (ie AF(C) BES
gleich ) 52} type | Chebychev digital filter& AH&8}o
low pass filtering 8lt}. -3dB cut-offi 11 KHz ojx
pass band ripple& -3dB, stop band ripple & -30dB ojt}.
segment averaging technique & ol &5l =t} spectral
leakage B &o°]7] 91344 Blackman-Harris window® AR
g3 FFT 8 218 8lo] power spectrumg Aatsidrl.

12 F94 B 24 P
(Analysis Using Frequency Domain Descriptors)

zero-order 3-€] eight-order 7}x|2] spectral moments§&
single-sided power spectral density function (PSDF)22
28 AnHolATh. Gle) & ThF ol Fojrh (44
13]

ma = [ 0" Glo) do (13)
0
ne moment?] 2x}4olt}. zero-order moment = zero mean

process & 7HE Y&l A% flH) Y FAatojrh opARIIAE 20
Arja} moment % ofA] Ratejth. 2R fNe] n o] M

— 147~



1993 % & KER &GS

X E FI15E A28 93/11

Folth. 2 voment& EEG o #4& #1314 Hjorthof 2|3l
A 2¢HH AT descriptor®] UYL F4817] 1A AL F
ofAch IRFEL Activity [$4] 14), Mobility (44 15],
Complexity [?‘il 16]o]v] Activityl zero-order moment &
ZodEn] mlebd o2 AW Eitolth =gt e o)
£ frequency domain oflx WFMo] Hcl Mobility =
zeroth momento] TRt second moment o u|&e] HIZ
(square root)© 2 A Axitslolzicl npsiAg M) 2 =i
o] varianceo] Tt £’ (1) FAte] wlgel MIFTogN U
Epd 4 olch. M¥HA ¢ ol BEEI] YM nomentE 2]
vige] AMFIE& Agsldch ANSS’ (D2 Eitgo] %
o} amplitude off B]2]ZHoj7] wfFo mobilityl amplitude
of chsf &Y Holc}.

Activity = mq [14]
Mobility = %: [15]
Complexity = H [16)

Second order 2} zero order spectral moment] ¥ &2 WP
o} %G(zero)d) VY ZEAA F34 US4 second
mowent 2} F7lolt), elA] mobility= 172¢] amplitude of
thyt tvo-sided PSDF2] EZBalo|t}. Comlexity: Al T A}A)
2] mobilityo] cAgt A XojRe] mobility?] H|ZAM, AYan
E3®] frequency spread & 3% YPr} Complexity =
amplitudeo] H3Ao|c}t Mz ¢} F A XFo] zz}e) PSOF
of cidle] amplitudeo] Yt {2 Fuls BALg 7hx3 Q)
7] elZolch Complexity: X} Fuj4ol thste] 5ol
cl. HAUL Y& JAEe F AR} 2045 cl2dels g
< complexity & 7Fd4 9t} complexityl amplitude &}
frequencyol ¥8& WA YomA ANHA MPY 48 BX
g srolel. weld complexity & o|881o] amplituded} B
5 5ol 52 global MUP population of ejAel ¥
efdztzel Aadal shgdch Ay AvEdHe dsts A
Aol c}E o] mizlofE)d= Centroid frequency[4
2] 17] 99} centroid frequency off thgt frequency standard
deviationql FSD[44] 18] ot}

I

o (171

@ =

Im(m - 02 Gle) dw
FSD = 9 18]

mo

4.3 Turn/Amplitude Technique

IP & FY33}r] iy Q4 THAZYAEA del Alg
E3 A turn/amplitude WHE ASSIc). @) HelMe
amplitude 2} 2}7} HH2| turn®® FE] HolE 100 uV o] 4
2lol7t duf 1P8] 71&7171 HMte 2 AWK twrn2 B WY
ek 2} turn®] amplitude®ut ojte} 2z} turnte] 7FAE
7188 o  pean turn amplitude®} turns rate® A AMSIg]
=3

V. A gdeldday

A3 AA 2ol M MPE YUIAL R triphasic o] A}
el A7E ZAErthio 3(a)l: myopathye] 29 60%2]
Fiber loss Wl AAlol wahd ol WA e Aglsl
polyphasic & =& HaAch[3y 3(b)] chronic
neuropathy ofl4= denervation © MU 2] 80% 7} cT}A]
reinnervation Elgl-{ul Giant MUP 7} Fregdonl mige
oM E Ak (29 3(c)]

B 2Fo] iy 1P & 123 4(a) o] triphasic 3t
53HA ZIMAd(base-line) & FHo2 Mg Hyych

Myopathy IPx= BAlefl usiA YA 22 g g3
M ANA Mol Holx olairh (27 4(b)] HYAHA Acute
neuropathy IPolA{ denervationo] 2isfir 22421 MUP7}
dolaled 2Age Adudes FuNog doplch {24
4(c)] Chronic neuropathy [P of4{ & L3l polyphasic §t MUP
& Uol XYtz gk (23 4(d)]

5.1 MYOPATHY

myopathyi= fiber loss § ©AIACZ $3i%to] ulelyq &
g7 sigct o] HAfofl alojA fiber lossi= 0%, 20%, 40%,
60%, 80% of thshM P AJEeoldstgon] HA T Rod cf
3 el MK MdEElo] lossHER MU &2 42 cf
& fiber loss®] ASLF 7IAA ®r)l.  activity &= fiber
loss7t Z7t4ol wietd a8 RAcrh (2 5] fiber
loss 7} F7hytol whabA mobility & %4zt F7isidde}. {2Y
5] fiber loss?}t & 7}§toll whalM complexitys Zasig o
mean turn amplitudet= Z}AHE Hgcl [ 5] frequency
S.D 2} centroid frequency¥ fiber loss2} Hiu|d #HAE 2
£l [2Y 5] Myopathy= fiber loss7} &7}§tol wajr MUP
of Hodste 2HF 471 A2 FAEA Hol AMAA P
o] ARG AtotxlA bl whebA activity= IP o 3
FAY & (mean power)R 2p|3}E 2 fiber lossof ¥ivjef3
o7 A3t Forh, el activityl fiber toss2] low
level ol &d & zh49 Y& RAch FAF activity:
S Fe ANAQY AHojfol A sheliEd & 44 A
ch. MPS] R} A&AQl AZhy F Y Yol iy T 3)
2w duFog AJM 7irkg Aelol Qe Wiel 24
Frofl 2JR} polyphasict g2l A MUP] =Jefzel o
8& ojAch THEAL lov pass filter AU B7|ufEof
AJedr we] Yol o2 Y| Agsle AE F2 A
Fotgd o A8 Frf. AAHoT fREe ZTHGE B
Jojx REEHE FF A d%o] gl THRolBR, HS
fiber loss ol X MUP 1} IP Roo] Ao #Helx] ¢l=c}
fiber loss 7} Msizlgld A Fujo] 48 & Fd ZHRE
glol=laL 1P 2] centroid frequency?} 7 turn rate’t F7}
3tA ®ch complexityrl ZA3IEZ A MPY +=
fiber loss 7} ol wtetd 248 & U4 Ach

5.2 Acute Neuropathy(AN: 4 A17%)

MU 2] denervationo] AW activity Adets] 2hAstg
el [ 5] mobility2} complexity® HA] 2 H3IF wolo
o turn rate= A4 Z42F Rdch [2Y 5] centroid
frequency= denervationo] 28fglo) wie} o}7tel b4 A
& HAdbd FSD & &Y w2 HiE MAch{ay 5]
denervation o] MEloj e Halzjx] Molgolsl= MPe] &
Ele HZFA] =th. AL 4o W tto] T4Fof Hejslr)
2ol IP 2] mean power, & activity &= ZAs}A Sci
AN oflA 2] mobility: centroid frequency®.t} Ful4 o] E(
frequency shift )& AtA|3] R ojFc) denervation A ohA
P2} mobility7} iEoll=iAl ZtAsig oo MPe] 2N%Fol &
oA IP olMe| WrRE RYo| UAsiA Hr) olyy
smoothed YL AN Fypg cfdF F8HAA mobility
o} FSDE ZAAFrh $%02 FE M7 lossHolmta} 1P
X ¥ FEof AN FxFsilent region)o] A=
o] complexity@ Z7IAZith. MU2] denervationof 2lojA:
turn rateX® activity 9HE 43& 7}2ch turn rates} ZpA
She A2 Fo) AAste M 471 AP Rawd
activityt= IPS] BFHH(mean power)o] L5HE&S B
F9lch

5.3 Chronic Neuropathy(CN:7td A7 %)

Activity + reinnervationo} Z7}%to] wizly Z7}sio
reinnervation ¥ 4-Fel 47} g3 1R 2 activity
& Zeth [37 5] centroid frequency & ¥TIE #HYE B
ol2l <iotonl FSD & 40x 9} BOxoM HHE ®C)
reinnervationol ZF7}4to] ulel mean turn amplitude:
8l 714 BAou turn/seck: WJL Aol gt [y
5] 2/d%2l reinnervation o] z8igol uje}l MPe A}
%71815L Giant MPER HA5128 activity?} wean turn
anplitude7} 713t 3748 F71 stadch A< MPrl AAE 2
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ZAE LAY Aze muyd} 2N Y A7

2t3pA MUPY) A7) turn rateols B8& F3 7] nfEof
Aol H3st ¢llcl. 1822 turn ratets innervation Bt}
£  denervation® EAMst=d]  R-Esic) mobi 1ty
reinnervationo] & 7}8}51 denervationo] LAstHA zZhAR
tl Giant MUP of 2]8f FSD &= 743151 silent base-line
ol F713}o] complexity 7} Z7istddc}.
VI, 48
2 =M E 5Et AR ZRAY L dosle 5%
¢l UFAee 2duiy AL E ABold €4 dch B
g A 2AZALE dojrte 2HR, 2FULNY 5K
A melofei& S Y] el MuAP 9} PR Al gelo]dslad
ch ulFAAY 1P APl BHE g Fr4EA Adx
& =dstd B 1p o BEHE A Ak F3,
denervation, reinnervation, fiber loss Sol 2]% A&
Ao 1P HRE AEdolddldon FuleBdo)se EMg
B3t AR EUYA turn/amp Brl % EM5Y
& B4c} Activity: denervationz} reinnervation, fiber
loss ©] W& wiAolx ofvlgt W& BHOn] Mobilityo}
Complexity: denervation& dWdl=t] ¥ ALE A& 4
gt

AT TAduiede] oAezia] He A BAS o] &3l B
cf ZEAQ] ZTAxe] FME Y4F don, ZAS Aol
E ] sige] Z7to] sele} AR ML

- Normal
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