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Single Fiber Electromyography in the Cat Extraocular Muscles
with Special Reference to Denervation
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Abstract

Single fiber electromyography (SFEMG) was carried out in the superior and medial rectus muscles
of 36 adult cats after transection of the intracranial oculomotor nerve. The jitter value and inter-
potential interval (IPI) were analyzed and evaluated by the critical region method. Some units were
recorded in the early stage after denervation but recording units became more and more increased 9
weeks after the nerve cutting. The jitter and mean of jitters showed almost normal values 12 weeks
after the nerve cutting. This suggests that recovery of the extraocular muscle function by reinnerva-
tion began at about 9 to 12 weeks after denervation. IPI did not show significant changes before or
after denervation by nerve cutting. This showed that the newly grown nerve might reach the original
endplate in the muscle. From these findings, jitter measurement by SFEMG after different periods of
denervation is one of the most important methods to estimate the reinnervation stages of denervated
muscles and stage of recovery stage from disturbance in neuro-muscular junction. Therefore, the
SFEMG is useful for the clinical evaluation of nerve-muscle disorders. (Acta Soc Ophthalmol Jpn 91 :
1244—1251, 1987)
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SHRFEERANCEE LT, oo M, i,
MEELAL, BEBRAZcE«s0EBBREL Lol TS
DU, BRI $s 1) 2 TR MRt o MR T ELIC
DL TOMAMFERBE L, Edds®9% Hoffman® LA
T~ oI S h, FHERFERMTR & LT fibril-
lation potential, polyphasic potential 7z & 7388 5
N3 EDHBLRTVLES,

BN EAIREEERIC S T, BEGEFREOH
ERRCREOIRIB CEE ik 12Th b,
RO MEEA, FLERER SMs I E i
THbH, FOETRHICERE, LB ioBRCE
b SHIRAS © 57 R A I LRI H s U CERIRIE R 2
Bl T D, ¥HEDDH ARG ED BE AR
Flbz#— NMU HBERICL Y2 T-17, —7F,
Ekstedt & Stalberg®i= X b BiZE S b= i iigEBIc
DT OFFEM R RS b5 B R E X
(single fiber electromyography : SFEMG) =2\ T
i, SHhEMNRFCEA LSR5 590 bE bk
M7t/ ST ooy, FEF O IFIzE T,
HIRF D SFEMG D & + AR~ 0 B KIS I 46 72
B, F 3 ORI SRR AW Lk,

AT BT, REEERC S W CRES) £ D
MEEIC L b IREREBNREE 2 RE] L B & ) HER
FHIBRERS T LT, ToRBER B A
THEME LT, ERICHMEFH BT Lok =
MR A IV SFEMG %83t L, jitter fED# A%
{fbxicgE L7, £ LT, BRIV IEFREO + = 4L
i SFEMG icBI+ 5 M A x %W L CHimEoH LS
T O EE ORI AR T oL ORET L, R 4 7,

II SRS ELOHE

SFEMG = jitter fli7s & @ FEM 7o s BRIz 2\ T LR
WOMZEED, AMECHiBECR~NB L, B—EH
=a—r VYHETO 2 oOBBHEICEEEEHE
T5 &, B OIS REOEEI B A pair 7t LT
BZ=E X b, Z o potential pair 51 » it
W, ZOIEENEZIERR (interpotential interval ; IPD)

VIR A E 23R B h, @ IPI @ mean consecu-

tive difference (MCD) {E#% % @ potential pair @
jitter f &\~ 5, & Az, jitter {H #3100usec & i3 &
potential pair @ — H i xH AT B, WbW 3
blocking & @E i B T4, Z ® blocking B £
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L, BERMEESEATH A LES, NEHYEEL,
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ORAMEELOETT LIS, RGN IERE
HxRLIb D, blocking DFBH LA LD, Bk
Nilsh-tod @ % % o SFEMG il % =4 (Fig.
D, Filebhb, AXHETNMELZAZECEEELR
o LEH & b © SFEMG #7=3 2%, % o jitter fl v
16.06usec, IP1 120.34msec TH h, Z OLFORH &
T o T EARHE R R LERE O T b Ol & i 5
ZEwdh, ZEARUNET CICER OB EE
LTwaZ Lddbhh, Bkt o lr i
BebhMNEHS L b0 SFEMG %71, =04,
jitter fiE1390.50usec TIEFHE L b 237e b KTH B,
IPI (10.65msec & EWEHICH b, Ficlfiaigdic
SFEMG @ blocking @B S Tw i, Thbb,
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0.3ms
Fig. 1 Individual examples of jitter after the
oculomotor nerve cutting
A : jitter within normal limit
12 weeks after the oculomotor nerve
cutting in the superior rectus muscle
MCD=16.06gsec, IPI=0.34msec
B : increased jitter without blocking
9 weeks after the oculomotor nerve
cutting in the medial rectus muscle
MCD=90.50gsec, IPI=0.65msec
C: increased jitter with blocking
9 weeks after the oculomotor nerve
cutting in the superior rectus muscle
MCD=105.60gsec, IPI=0.58msec

ZOHEMEITE2REEAY LTS EHEL 5 5,
ClR U < iyl 9 A% &7 LEH® SFEMG
T#H 5, IP110.58msec & IEHEF TS %03, jitter
Hi2105.60usec & EHMEL h ATH b, HEitacEIc
SFEMG @ blocking % #ab, i G oo it # £ 17 0
EEEB XY —BR+FTHB EERLTVS,
D X 5 Ic 4 @ pattern % 77 SFEMG % 8 %2
LT, RESHS I OCHENFO MCD 2% b jitter
HOf/ME, FAfE, FHEs L OEERZGSD),
7z IP1 D F i, EHERZELTMEREERLE & bic
RL7(Table 1, 2), ¥, IEFWXREE L L THTHO
D5 — & % Table 3 IR L1z, —7H, BIE X i jitter
fli3s & 0F IP] SEOfE 2 fitdhic, WINTH R 2R ki &
b, FOFBHELY FEHF, HEHRE oW

HER&=EE 91% 125

Table 1 MCD and IPI of the superior rectus
muscles after the oculomotor nerve cutting

after cutting | number NEE L
(week ) | of unit | minimum | maximum | mean + SD | mean * SD
1 B . — - v
\72 3 ] 25.20 62.30 47.00 147
3 9 31.50 983.90 65.72 + 25.01 1.10 + 085
5 3 45.96 113.90 | 68.97 0.80
6 2 26.40 60.30 | 43.35 0.30
9 10 28.80 | 105.60 | 48.17 + 21.00 | 0.82 + 0.37
12 15 16.06 90.49 | 41862 = 21.921 1.06 * 0.66
32 8 16.65 73.04 |39.22 £ 17.28 | 107 £ 072

Table 2 MCD and IPI of the medial rectus mus-
cles after the oculomotor nerve cutting

after cutting | number MCD T 1Pl
(week ) | ofunit | minimum | maximum | mean * SD | mean + SD

1 1 = = 61.30 1.44
2 3 45.50 52.90 | 48.70 0.55
3 1 N ; pe] .30:95_ E— 0.3

| 5 4 27.84 6_4.12 45,49 | O.Qi
6 a 23.60 149.70 | 67.83 I 0.66 4{
9 7 | 1740 | 16020 | 8076 + 43.91| 1.08 + 070 |
12 T 14.18 95.19 | 49.89 + 28.77| 117 + 0.63
32 10 13.24 50.59 | 32.06 + 10.80| 105 £ 0.52

Table 3 MCD and IPI of individual extraocular
muscles and triceps muscle as the control

o= MCD ICK
of unit | minimum |maximum| mean £ SD mean + SD

recti muscles 58 — = 25.82 + 6.50| 0.94 * 0.49

superior rectus | 39 16.16 38.19 | 26.80 £ 6.28 | 0.98 t 0.51

medial rectus 13 12.80 39.54 | 23.94 £ 6.76 | 0.84 * 0.43

lateral rectus 4 13.71 32.22 | 24.35 0.84

inferior rectus 2 19.35 24.42 | 21.89 1.1

inferior oblique 11 11.70 51,29 | 26.37 £12.21 | 0.87 * 0.50

retractor bulbi 29 9.50 94.20 | 34,12 £ 18.81 1.70 + 0.6

triceps muscle

+
) { control ) 35 11.40 133.00 | 45.54 +26.88 | 1.23 t 0.78

<7 5 7wl (Fig. 2~5),

1. LE#F#% (Table 1, Fig. 2, 3)

jitter fEAAHIE LGz o, S8 2 8 B T3units
THAH, 3B 1iX9units & HITEFTEE 2 unit BA S L
2, WEXRMKRE, 5EB TR jitter (HA3113.90usec
LA R L S EOBRENMYb o b0k TH R
BiED b 0AB bR, 68 B EIE T unit Bk
Ay, B IMiE26. 40 sec (XA IBEE D EIE26.80usec
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Fig. 2 Relationship between MCD in ordinate and
period after the oculomotor nerve cutting in
abscissa in the superior rectus muscles
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Fig. 3 Relationship between mean of IPIl in or-
dinate and period after the oculomotor nerve

cutting in abscissa in the superior rectus muscles
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Fig. 4 Relationship between MCD in ordinate and
period after the oculomotor nerve cutting in

abscissa in the medial rectus muscles
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Fig. 5 Relationship between mean of IPI in or-
dinate and period after the oculomotor nerve

cutting in abscissa in the medial rectus muscles
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WEWESE B, 9B RS & RIERTHE unit
OEME L bz, jitter o f/Miti28.80usec, & AME
105.60usec, FHHEIT48.17usec LMD {E{Te-T
WA, FRETEEISNESBAL, 128, 328 L
BT B & jitter I 121F50usec LML TETH
n, 1288 o jitter {H o H/ME16. 06 sec (X IE 7 % I
PO F/IMELS. 16usec 1= Z < ITEME BRI,

IPI (31.5msec &z % & 0 23V HERD btz iy,
B A U Ti3iF].5msec LA FIZZELTE D,
FOEHETVIEREREHERTRELCE IR
<, MBI PIIEAE & 57

2. MERHE (Table 2, Fig. 4, 5)

GIWrEE 18 X b 68 % Tk jitter {E o I E T HE 75
unit # 34 <, 5 H D4units R ETH-T, L
Lienit, BELEAjitter oK/ 0 b0 68H
D23.60usec TH H, xHRNEF IO F1H23.94usec
CEWED b D TH -7, 9EE IS & BIETTHE
unit 734 < 7e B 4%, jitter HIL ¥ EEE S B R, K
DM EE b jitter HIZIRACEESIRRD 3 &
L, 128Bix100usec LAF, 328 Hici2i3F50usec
DFigE L@ bhi, Tihbb, NEHD
LEE & ERRCYIW® 6 HEED &, jitter (ER/ME
PGB O SEHEICT L O Rd LA L 2t D
Zlhbiats, LT, UMEREIEE LS £ LIC
JI5E ATBE unit BAMY %, Jjitter il A L IEHE M BAF
DERICASL .

IPI D)W oo #E@ 12 RIEFAEE & [[ERIC]. Smsec %
Bz a0 b HRDbALY, B EL TIRE
1.0msec LA FIcgiE L, MBABEMRLHELVGEET
b Tl

3. WEUEE O jitter {8, IPI OREEIEEIC L 248

El‘ILI

LEFEETE BB LESEE L NERED
jitter fli ¥ X O IPLiz2 T, %~ OFE HEY A L% A8
BE & EAEME T L 0 BRET Rl A,

D EEHiz2T

* R EE M L b &S h7c39units @ jitter {E & IPI
CoWTERESEYEET A oDic, RUOHEIR2
units & ¥, FEHAYED LT\ % 3Tunits w IEFE &
ZfrL, fake®R 5% & LCIEHEEAY BABEHAEIC X
b§i< & Fig. 6 AT b, CoOIEKEMOE
>3 IPI 0.80msec, jitter fi526.80usec TH » 7z,

LEE O IEHESEARE M 2 B TR TR O 8 5
jitter {E & IPI > 258D A JI5E unit B3 HE 4

Hig£5E 9% 125
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Fig. 6 Transfer of the center of gravity of MCD
and mean of IPI to the normal range in 9, 12 and
32 weeks after the oculomotor nerve cutting in
the superior rectus muscles. Each triangles (9
weeks after the oculomotor nerve cutting), cir-
cles (12 weeks after the oculomotor nerve cut-
ting) and squares (32 weeks after the oculomotor
nerve cutting) show individual values, respective-
ly. Each enclosed larger symbols indicate the
each center of gravity after the oculomotor nerve
cutting.

2T DRMBE Lo,

FREETINT T 3 8 B IE T & 72 (3 9units T, IEH
HHICH B b D (Xdunits (44.4%) TH A, IPL, jitter
i Ao ELEF hFR1.02msec, 43.76usec T3
hIEHHEHEMACH S, 9HHE T 10units ET X 7z,
IEFHERIZH 5 3 D 4units (40.0%) TH 5, FAD
FLIEEREH0.82msec, 41.70usec & 7c ) IF % HiFH
LTV 5, 1208 B T3 15units JIECE 2, EH
HHEMIZH 5 b O Tunits (46.7%) TH Y, HfioH
DEFRF 1. 18msec, 35.78usec CTIEH A I
%5, 32H Tix8units BIE T X7z, [EFEHEHNIZHS
b D (X4units (50.0%) TH H, FHOBELIILh TR
1.41msec, 40.30usec TH H IEH#HEHIZHSD, £ C
T, EOSEFRRESL ) EHEENCHETS M
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I h12:8, 32HDASE unit 7 Ai A Fig. 6 122t

DX i jitter f & IPI 2B S HNCHETT 5 &,
YIWri%12:8 B, 3238 H iR BI5E unit (IER#EIN 2R
ThonEieh, BELSIERBEAMNICONTEIE
b, coRFhcEEAr I EATHELDEEDL
s,

2) AEMHI>-T

REEATER L D867 13units 2 AV T IR IREE
ORI ARG X D < & Fig. 7 OB#RA
i, SHoELEIPI 0.64msec, jitter fH23.50
usec THh o1,

PHTE B o 1l % W B o0 B 51 Jitter (i & TPT oD 20 8)
%, FEF & FEEEIE unit 320D % BIc o T
DLMERT LTz,

MR 5 8 HIClIlE T & 7odunits @ 5 B IEHEH
Bz S 5 & Diklunit (25.0%) THAH, Fih,
DET IPI 1. 06msec, jitter H45.00usec TH H, IE
HREAMCH D, 9B I ETunits AETE, EFH
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Fig. 7 Transfer of the center of gravity of MCD
and mean of IPI to the normal range in 9, 12 and
32 weeks after the oculomotor nerve cutting in
the medial rectus muscles. Each symbols show
the same meaning as those of Fig. 6.
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fiif oo b o lunit (14.3%) TH D, SAOELIEE
#F10.70msec, 90.50usec TIEFRHEMcH S, 12
HBECETunits MET &7, EHERBEAD L O34
units (67.1%) TH Y, FHAOELEE R L H0.95
msec, 36.95usec TH Y EHHEHICH S, 32HE T
10units {ll5E T E 4=, IEHREEANICH S $ @ (L Tunits
(70.0%) THbH, ZoFHMOE LML REN0.84
msec, 30.83usec &7¢h EHOGAOELICILL Te»
T\wad, £2T, LEMOBE LRABICEOSERHT
BRAL L O EREBAICHER TS 9L D124, 32ED
HIFE unit © 54 % Fig, 7207z,

O X S ICHEMCI TS MREIETR12EE L )
EHELRTRT oML, oL EFEMcHY,
hichoERIEZLSbDEELRSE, T, EHC
328 L RFH AR SRR, BEARESTTHET S Z a2 L
TvsH,

IV % #

jitter BRI WTHBA L, DH 5
HEEh = 2 — e VICBT5 1 AD axon D RE L D
PR ¥ ToGERR O L8 X 5 MR jitter,
QM RER & T OERM O LB X 5 {REH jit-
ter, QMM L b LB EE ¥ TO MM (L
B OB & B R jitter D 3 DD B -
T 5, RECBEI LS jitter 1, D1 6@ % To
EHFEOEBOBIL L TWEZ Licie b, —H
XD L 0@ L A BHINEREMTH D, O
FhBHb0THDHY,

X, SFEMG i L 0 o e R 20 2 Jik
E LT, D 20 jitter fEDOFIHE R KD 5 Fik,
@R —# & b10~20{f @ pair # R L T IE# jitter
@ pair, blocking # {f #> & \» 8 & jitter © pair,
blocking # £ 9 ¥4 jitter ® pair ® 3 2D 7 A — 7
IHEL T, FOESETERIRT 5 jitter percent {43
BB, LaL, AHESHEMEE R & L, B
RAFIC BT jitter FIESNEETH B D12, SED
BippEsk o AR TR ORI S HiclEET
HDHIEBHEBRINRCDOT, KPFIRIC I T jitter
percent Tz < jitter fEOFHMEIZ & b RO
B R A EZE L7,

& El o BY IR MR EINT SRR I B\ T, BINRTE 1B HE
TIIAEFFE L O Lunit, YI¥TE 2 8 B T3 _EE,
HEAEE L b £ 1 F h3units L 2 jitter fEAEHZE LE
ot —RCEBRIC ST 5T MREDE
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MR TERcoWTE, H2BL 1A AL RS
SEIETHD'Y, MBEHEBERS S SESENCD
BEERNC RIS V00, MR O AMRFIC S
A HEREMER & LT, Sakatani & Jampel'®(15E
B Bh AR PR UM HE 7 B B2 regular type @3k
B % 751 denervation potential # R T v A,
Kani 517§ ¥ B IRMEETINT AT D EMG 128\ T,
FE X bEM LA ERT R YRR S I A A
bhiedatcZ &, £ O ¥ L monophasic, di-
phasic, triphasic, polyphasic D4 D23k 5 - &, F
TeRBIEA L regular type Db O FFED, “hbHo
spike discharge viAHRFIE A0 L hE LA
DTHAHD EFRLTCS, Tibb, BEEEoR
e\ T L5 ARAERME O B8, AisE
BEOBERETH 5 THEEIE <, HEMELRIC
L B3O TRAEVI EVAHBRENCEEELLRT
WB, Efe, SHEMREWERES AR L ERC R
T, AMEER 28R 2 KR TR o W TE K SR SR
BiTofc b T A, TTICHBEREIC L 5 REMELR
ZHEER LS BRI A Ro et h 505, =
MEESTEAHRED BRI LRI Dy, B 5 W IREE
CREEFTEDLATWRVWE VDR AMESE
(axon collateral, axon branching) OfFfE##ER
LdBSEDTH1, Wiz LT h mERTIEH 2
BABHICEWCTHES bR jitter HIX, TIWEOFE
MR L 2HRMEOESRLAL R LIcb DTl &
Eizbhb,

B = hic B o B RIc o T, Mk
FHNZ Edds¥” & Hoffman®iz L W GEBR X h T\ 5,
Tl b, BEMELE O L sprout 75 axon %
& D4 U % terminal sprouting #s X U sprout 75§ &
Maxon, 2%h v =L H 4L 5 collateral
sprouting @ 2 DD FENH B E W HID, LW Fhog
G bsprout LM BEHEE ~MOTFELET 5
BN F D ERIITEORICE U T EEL 2020, F fe
FHE L7cidln b ORI EEARIE (LR 0B IEH TR &
Y, MEFLEEOMRETESTORBRI DM, 1
BHEERTPZLTEELEbRSY, BEc
hRE S hicBifiic X 2 EEBEOREXE LA
B

AR RATIC I 1 D WAL & TR (itter
fill, IPDICHFLcdDTHS, EEHEHMEGT
Bohic& 4 OEXHET 50 b OIS L L
T, KPR W TREEAE Y A7, ARz X

BHR&EE 9% 12%

S OHE, EESFRS X OCHEGRCELT,
FETIMTEERE B I I ETT8E 7 unit 2238 2 %2 9B B
L D12, REEDIOREEZ R LT jitter fHAS
LRV L, EFEHEFOL TS C &t
Mote, Zhii, SFEMG Eick\wWwTik# 9 E% cix
reinnervation O ¥R, % b sprouting O FE R
thHn, 98E H12HLIE L reinnervation D5EHE
BEALHEA T ZENTRBEERS,

SC, IPIEAEOYD L3I 1 AD axon ik » T
Y EHhT5 2 DO~ D 4 F L 2 axon DA
PO O REISFHIBOE, Tich b 2 DEIF
EoBEECHY T b0THD, —Mic, HEken
CRFCHE IR ER = 2 —r v DR LA
OB CERTELOLELZ bR TE Y 4
B IPIERS ZhExXRHTHLOTho7, LanL,
SETEHBIC—HERET S IPI B@EH bhi o LB
LTk, WAL EE LN DEE =2 — = v 2
LoTHEREERKLLD, IPlLIcEL B i RE o1
EBbhd, oFhH, WEBRARCOELTOREA~
BET5 & & biC, collateral axon & LT Hlo#iRi
LAETHZ LRI stztobic, MEFHLEBOBE
RIEESAHEEITOLDOLRRE L HIThatetoth &
HEELRD,

EHLSFEMG @ & bR~ BRI HZ HEY
ELT, ¥TEMERRICL 2B DE—H L L
TIEFIREED AR O jitter MR DN & 4 X 104
Lionh s vz S EO PRI B TURAE B o iR L &R
Nhbhi R &5 AREAROBRER ST
LAHRF O jitter LEOMN LT -7, L L, £ b4
R ~DOEERIIGHE & LTHSBIzH TR Ciz iR
FRELEE 1 SFEMG % Hif7 L, B« DiHEOEH S &
U THHEICBET AEATHAT V50, KFRIE
FOREPELE LRI EELRS,

MECHic, PROHEOMHEL, FIEMIICE RSB
feLET, ¥, HEHANEREHcoWTE « o, #Eh
BV EE LHEFBERAMLER S L%
T ofak, RPFEESGRARENRE, —B&F%B) | No.
58480363 #ih % 3% 1) 1z,

X W
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and slow muscle fibers in cat extraocular mus-
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in the cat inferior oblique, In Lennerstrand G,
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