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A Study of Changes in SFEMG and Histochemistry During Disuse and
the Recovery Period

Misako Higashijima

This study was carried out to investigate changes in SFEMG and histochemistry
during disuse and during the recovery period. The unilateral knee joints of adult
rats were immobilized in the flexed position for one, two, and four weeks to induce
disuse atrophy of the hamstring muscles. After four weeks immobilization, the
knees were remobilized for one, two, four, and eight week periods in order to
observe natural recovery. After four weeks immobilization, the average amplitude
decreased to 21%, the average duration was prolonged to 152% and the average
muscle fiber conduction velocity decreased to 39% as compared with that of the
control group. The diameter of muscle fibers also decreased to 76% on the average.
After eight veeks remobilization, the average amplitude recovered to 44%. The
duration shortened to 113% and the muscle fiber conduction velocity recovered to 66
% on the average. The average diameter of muscle fibers also recovered to 94%.
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Changes in the composition ratio of muscle fiber types were observed in Type II a

and II b during both disuse and the recovery period. These result suggested that the

changes in SFEMG and histochemistry did not correlate with each other, and the

SFEMG findings showed a slower recovery than those of histochemistry.
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EERFY LRI CRHFORULED T v + 5L
DWT, BT 3 HETEREEENS LI UM
BALZRIRE 2TV REE L Lz,

1. EB&RF*
1) BEREEEN®E

ESEFZRE X, HANELMGET =
a—uaNy 7 4 2HERALT, BEHRBREC L
D SFEMG ##IZE L 7z.

BB U 7o HEE CLg B 21T - 1248, RBIAT
BIFE D & BREREIE I 0 CREE 2B L, iR
BTHEINLA L) Y7 ARBHL. FIEE
ek (b y FRIE— V) 2 8%, FITIZ 5 mm
REI bR CHARAS WA UK E R EF D1 0.5 ml
OEBMEEKEEA LK. RICHEHEOETTIC
B o GEAOFBEMST X D 20 mm BEN7ALE
WCHEEBEGES (HAOLEHBY VT 7 AN
— B 2RIA L. SEHEE ISR ERS &
FHEERSOFEICRIA L (Fig. 1).

Wetgs 123t U ¢ duration 0.1 msec T2 Hz
DRI X 2 BE RS ET Y, 28R
DEFBEMEZEHR T 5720, FEEMRSZEDL
B L CHRELERORME{To /2. HHE
7z SFEMG @ amplitude, duration, latency
DOEHEI 2TV, & S ICHIBEMmS & FHERST
R o FE 8 20 mm % latency THEI D,
fiber conduction velocity (LA, muscle fiber
CV tBs9) EH L. SFEMG O#IE X 2
~3EARTITW 1L X D &FHI0EEEL 72, E
EREE DE VIR 1322~24°C T, HIEIET7 v M &
Z DEPNC 05 EIRE L 7RI T 7z

muscle

Stimulator

Ner————— >
20mm > |«

5mm

L T—

Fig. 1. Diagram of the arrangement for stim-
ulation of muscle fibers and recording
of action potentials.

muscle fiber
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27y b oBMAEREL L7z, BURATRIHIE,
BOLE DO FEC TEZR L.

BT IREHERI, FIATAR T
Pk DB L CHEEE (—90°C) WREL
72, 10um DESI D7V F A F v MK 28
LT, ATPase #+f4 (pH 10.3, pH 4.65) %1T
Vv, fisue%x Type I, Type Il a, Type Il b
WD O LTz,

BHREAR Eoh ISR OBEMESE LD, 100
KOTGEMEERRE L Coa VRS 7u X —
5 —R2AVTHREEZEREL, ARCZD
D Type DL ITo 7z, BEH00ERDOH
BHERE L, T OBEHED Type BIBEILE %
BHHLU.

BB, TRTOHEBOSTHMICS T 5 ¥y
EOEORER t REEZHWTITY, Wind
BELERER1IBUTE > THEEE L.
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1. EREEFNKRERR

1) SFEMG DO##

SBEOEE IS WK T, amplitude iX
3.38~1.81 mV, duration & 0.93~1.89
msec, muscle fiber CV 1% 26.39~14.57 m/
sec ThHo7z. L LUERED 4BEETIE,
amplitude 1% 0.22~0.88 mV /& <, dura-
tion 1%2.10~3.38 msec & & <, muscle fiber
CV 1310.48~5.38 m/sec L& L 2 EMEZFTD
72, EREERE»S 8BEEROEIERETIE,
amplitude 1% 1.48~0.83 mV & K& <, dura-
tion 1%1.20~2.04 msec £ % <, muscle fiber
CV 1x17.09~9.85 m/sec LB e 2 EA%ERL
7o, SRR L L § % L KR & L C amplitude
13/1N& £ duration 135 < muscle fiber CV 1338
WA %389 72 (Table 1, Fig. 2).

2) SFEMG DR B & URIEERE O RERH

Z=1k

@ amplitude
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Table 1. Change of SFEMG during the disuse and recovery period,

Amplitude Duration muscle fiber CV
(mV) (msec) (m/sec)

control | ...2.56X0.75 | 1.41+0.48 | 20.48%£5.91
disuse 1 week 1.38+0.65 2.12+0.51 15.27+4.77

2 week 1.13£0.51 2.52%0.69 10.08+4.81
____________________ dweek | 0.55+0.33 | 2.74+0.64 | 7.93%2.55
recovery 1 week 0.59+0.20 2.03+0.34 10.18+2.88

2 week 0.78+0.25 2.01+0.29 10.39+2.09

4 week 0.94%0.26 1.87%£0.39 11.30£2.86

8 week 1.13£0.30 1.62+0.42 13.47+3.62

Values are means+SD of five rats.

AK\/LJN\/

disuse 1 week

disuse 4 week

JFW

recovery 1 week recovery 8 week

Fig. 2. Changes in the typical wave of

SFEMG during disuse and the recov-
ery period.
The amplitude and the muscle fiber
conduction velocity decreased, where-
as the duration was prolonged during
the disuse period. The amplitude and
the muscle fiber conduction velocity
tended to increase, while the duration
was reduced during the recovery
period,

A B D amplitude OFE X + HHERZE
RLTW5S ., FERERETIIEE (2.56+£0.75
mV) & FEREED 1:EM#(1.38+0.65mV), 2
BRI (1.13+0.51mV) & 4 ERG#% (0.55=+
0.33mV) OHECEBREZRD N, R
D 1EE%E 2BMBOMICIZERRELZRD
Koz, BEFEFRO amplitude 1ZFEER 18
%O RARTH - /.

EMEERETIE, EERED 1807 (0.59+0.20
mV) & 2:EM#%E (0.78+0.25mV), 2:EE#%
& 43R (0.941£0.26 mV), 48[E% & 8/
I (1.13+£0.30 mV) O EE R Z 2RO 72
28, WkRER I (BFERBED 4 BM#-0.55+0.33

mV) £ [EEFHO 1EMBEOMCIIERRELRR
o tz. EEIEREO amplitude 13 4 8%
¢ 8B OM TR R A TH- 7z (Table 1,
Fig. 3.-(a)).

@ duration _

BHED duration OFME b P = FHERZE 2R
LTw5., FERERECIOdiERE (1.41+0.48
msec) & FEREED 1:8/% (2.12+0.51 msec) ,
1B & 28 (2.5240.69 msec), 2
itk & 43BH% (2.7410.64 msec) DOEICEE
RERFD Iz, FERERO duration ZEER 1
BEBOEEBRRTHo 7.

EHEEE TIE, WRERERE (AR O 4 AR
% +2.74+0.64msec) L EEFED 1BME
(2.03+0.34 msec), 4 fE# (1.87£0.39
msec) & 8B (1.62+0.42 msec) OEIZHE
BhaZE2RO 0, BERO 1HEME L 28
L (2.01£0.29msec), 2:BM%E 4:8M%
ORNWC IIEERZ 2RO o7, BIEERED
duration 3Rk E% 1 EMZOELSRKT
H -7 (Table 1, Fig. 3.-(b)).

® muscle fiber CV

LU 2% ZEED muscle fiber CV OFE
BOIE L ERpIC Y L IEREEZTH S . R
IEFE TR HEEE (20.48+5.91 m/sec) & FEFIEE
D 1B (15.27+4.77m/sec), 1A% E
2% (10.08+4.81m/sec), 2:BMEL 4
B (7.93+2.55m/sec) DR ERRER
1. FEFEED muscle fiber CV IZEE
# 1 EMBOZBRRTH-> 2.

EEEMETIE, WEERERE (AR O 4 80/
% +7.93+2.55m/sec) L EIEFHD 1 HM%
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Fig. 3. Changes in the aver-
msec i ages of the amplitude (a)
47 } disuse group duration(b) and muscle
% } recovery group fiber conduction velocity
(¢) in SFEMG.
37 The amplitude and the
N muscle fiber conduction
15 \ velocity decreased,
§ 27 ‘%—\ _ whereas the duration
2 T —— was prolonged during
the disuse period. The
11 amplitude and the mus-
cle fiber conduction
= T S— velocity tended to
0 increase gradually while
o 1 2 4 1 2 4 8 week the duration was
Lisuse periodJl———recovery period—] reduced dgr(iing the
) recovery period.
(b) duration % indicates significant
difference at p<0.01
m/sec
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i Ui
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@
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* T —
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2 4 1 2 8 week

0 1 4
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(10.18+2.88 m/sec), 4AM#E (11.30+2.86
m/sec) & 8% (13.47+3.62 m/sec) D
WEERERRO I, BERHO 1:EMEE 2
BRI (10.39+2.09m/sec), 2% E 48
M OMICIZEREREZ 2RO Lrolz. [EEE
2D muscle fiber CV I3MfRER = 1 BRE% D
ZEHEATH - 72 (Table 1, Fig. 3.-(c)).

3) AR (4:BM%) EER (8:BM%)

DOXFHREEICXT 3% SFEMG OE[E&

St EED amplitude, duration, muscle
fiber CV 2E¥z U7EE, AR 4 BE%
DY) amplitude 1321% £ T/N& 7%V, dura-
tion 1£152% % T#E L, muscle fiber CV 1339
%% TELSkol:. EHEREO 8 BEEBOFEY
amplitude 1344%, duration 1Z113% % C, mus-
cle fiber CV 1366% % CTEIEL 7z.
II. #ABE2HRERZR

1) f#RHE Type OREBLR

ATPase Y8 TIIRIF oY
EERD, & Type KHE
T35 ENARETHo . N

E"ﬁl

((519% %45 1993)

BRI B 2RO ko7, Typella
FRME, 1EME (9%), 2:8/% (9%), 4
HEE (4%) SRR L, EERk 1
BRI OELRKRT 3 20D Type DB R D
T bRERREEENE L2, Type Il b ##
ME1X, 1B, 2BER%, 4ERgLRL
#IL Type II a f##E ORI HHEML T 2
B H -7z,

EEEETIX, Type 17, 1:8R%, 2
I, 48, 8% BRIEERIZIZE
AEE BT -T2, Type 11 a fiiElx, 1
B (7 %), 2:8M% (14%), 4:8M% (14
%), 8% (17%) L, BREk 2 EM
HBOEALHTHRAT 3 DD Type DISFHEDLHT
B LBERERNET(L L. Type II b &1L,
1EM%, 2:8[M%, 4:8M%, SHEMZKL
B2 B L Type 11 a #4085 2384 L
TWAHEMRIIZH - 7z (Table 2, Fig. 4) .

Table 2. Percentage of composition of three types of muscle
fiber during the disuse and recovery periods.

MEEEL, Type I #RHEN12%, Tyg)e I Ty%eIIa TyI())eIIb
Type II a ##f1317%, Type —— Y & %)

II b #RHED71% T, Type II disuse 1 week 10 ' 81
RS BARREHTH Lweek] IO : 5l
oz, BEF@ETIX, Type recovery  lweek | 7 | 77T 6
g, BRI, 2R sl 7 ” i

%, 458 TRTI0%TH 8 week 9 17 74

%
100 4

90
80|
.
60{f
wll

composition of three types

B Type I b fiber
[ Type I a fiber
M Type 1 fiber

8 week

recovery period—————l

Fig. 4. Changes in the composition of Type IIa and IIb muscle fiber types were
observed during both the disuse and recovery periods.
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Table 3. Diameter of three types of muscle fiber and mean diameter of the three types

Type I Typella Typellb mean of 3 Types
(ﬂm) (/lm) (,um) (ﬂm)
control | 36.94% 4.64 | 35.34%£5.24 | 95.46% 9.26 | 49.82+12.10
disuse 1 week 28.62+ 9.59 30.93+7.17 44.80+10.00 41.96+11.40
2 week 27.70+ 8.56 28.88+7.45 44.39+10.00 41.40+11.56
IR dweek | 19.80+ 9.80 | 22.35%£5.62 | 40.78%11.19 | 37.98£12.97
recovery 1 week 21.62+ 7.64 30.29+7.58 40.97+11.25 38.60+12.14
2 week 22.35+ 8.89 32.25+6.80 41.134+10.42 38.82+11.23
4 week 25.25+10.06 33.47+6.82 45.59+ 9.56 42.38+11.27
8 week 34.13+ 7.76 35.29+6.47 51.32+ 9.75 47.02+11.62

2) HREHEER

HEED Type BIFHIHEE R OEE 13T 47
HERFEZEZRL TV, MREETIE Type 1 54
(36.94+4.64 um), Type Il a fif # (35.34+
5.24um), Type I b %7 # (55.46+£9.26 um)
T, Type I & Type II a (G- DR RRHEE R 1
ZIZFEET, Type I b ###E1% 3 DD Type O
BHEO P THROBAEVWERTH- . FEH
MR T Type 1 & Type I b i 3B E% 1
B, Type 11 a 741X 2 BEEZ & 4 EH
HBOMTERCEA L. BIREETIX, Type
11 a ffE MR 5 1%, Type 1 &
Type 11 b &3 4 BRI & 8 BRIBOMCZ
Bz [E48 L 7> (Table 3, Figs. 5, 6).

BT, BEED 3 DD Type O fEHEE R 2
B+ ERREETRT &, BRRETIRE
(49.82+12.10pm) & FEA#F © 1 HM &%
(41.96+11.40pm), 2:HfE#E (41.40+11.56
um) & 43EE#E (37.98+12.97um) OEICE
BREPRoH, 1:EMEC 2 BRE%OME
BEELREZD LT, BAEED3I SO
Type OFAFHEE R XEER 1 BRZOZELH
BRKTho7:. [EEERETIX, BYEHEE 4 B
(42.38+11.27um) & 83ERIE (47.02+11.62
pm) ORNCERRZ 2RO 7208, FRRERERE (F
FEED 4 8% - 37.98+12.97um) & BIERED

3,

Fié_ 5 Histologicl changes revealed ‘by LB (38.60+12.14pm), 1:EEEE 258
ATPase stailning of sugerfécial han:j— e (38.821‘11.23;111’1), 2 B - 438%
tri i t i Tt o 3 VR
srngs muscle during the disuse and g kg ot EEBED
During the disuse period, the diameters 3 DD Type OFFFHEER T 4 HREIE & 8 AR

of muscle fibers decreased, but during 5 R G . % .
the recovery period they increased. BOMTEENBATH>7z(Table 3, Fig. 7).

(ATPase staining (pH 4.65), (x40)) 3) FfRHE DR



270 N B % = 5% (BE19% 45 1993)

T
3

—e—— Type IIbfiber

B2 R & U CEI{ERE
D 8D Type 11 b ffH#E
IZBR Y ATPase Uz Kt %z
REFTHLEBH KT 72 &
D R RE L Rt R 2T D
AEN R 50, Wb 3 “cen-
tral core” DL L BT

5

——0o—— Type Il afiber

\\/ = Type I fiber

o
=)
1

B

diameter of muscle fiber
n W
o o
1

=)
1

2 4 1 2

0 1 4
I—disuse period—"——recovery period

T
8  week

7. Z0O%EAbix Type 1 &
Type II a fR#EC IFEDH 1
o7z (Fig. 8).

Fig. 6. Changes in diameter of three types of muscle fiber. § R %
Three types of muscle fiber decreased in diameter with 4) FEREE (4:8[%) &
immobilization but returned to the level of the control EEEE (8ERR) oxt
group with the remobilization. The change in Typell- i 3
a muscle fiber during the recovery period was specific. ﬁﬁﬁb‘—ﬁjﬁ % FARAETE 1

OEIE
} disuse group STHHEERICBIT S 3 DD Type
um brocowery o DFFRRMEERE DT £ HHE L
70

Li-5&, FERRED 4 Ak
1376% % CTEA L, EHREED
8 £ 1394% £ THIE L 7z.

60 -

50 A

% =

average of diameter
s &
|
\
\
\
|
|
\
|
|
|

I. SFEMG OZAbIZD>WT
SFEMG ® amplitude,
duration, muscle fiber CV

(0 R 2 4 1 2 4 8 week

Ldisuse period—Jl—~recovery periodg

Fig. 7. Changes in the average diameter of three types of 1, FEHBERETIX, ampli-
muscle fiber., The average diameter decreased with bt gl Aiher - C S

immobilization but returned approximately to the level
of control group with remobilization.
% indicates significant difference at p<0.01

duration DIE TxIHRFEDIEL)
ELVESHY, 7O
ZALFRE LB ER 2D 72 FEERETI,
duration>muscle fiber CV>amplitude O JE
THRBEEOEIEIGEDE, Z ORRIEI
R EMER 25 7. ATERHEE R I3 BE i
BECERcEd L, FRcEER 1 EREROZE
LB RTH o1, &5 ICEERELEHRTY
B & SEMB OB TR RRTH > 7.
amplitude 12D\ T, Hakansson” |ZIRE 2%
TEIZ & D IEENE S E Wi S IEBI MRV A2 D
SO, ZDORTAHEMWMY 720 THMHERE &

Fig. 8. The figure like central core was ob-
served after an eight week recovery

period. [ATPase staining (pH 4.65), amplitude % I U 7oA& 5, AHRRAMER 3D
(x40)) T HiE amplitude /N&E YD | EFRRHERELS
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AT i amplitude H A E L &3 LARRTH
D, SEOEBRBERL ChE2XRTL2H0TH
o7z, Uy LB & BIE @R ORI IXF
CtEm 2R & %ol &0, FHY I2L-T
RSN T 3 MR OB RARFEDZE
L300 ESDSBOBRFEETLLI5T
b5,

duration IZ22WC, Davis 5% i3 &= 5k
Fuz & 3GHAMIES Bk, BiEHH LI X
B DERERT W U CUERER 2 BIE L 7R,
Type IARHED T HIHERFEIORIE L7z L EREE L
TWw3. Barany® I35 OIGEREHEH S &
N TV ZHAIEDEFHENY 2 £ 5 BB O
ZEAT, ATPase &M & B OYHERE O BIR
2N, MERLARIRICHY Type IFHETH
27 ADRIBEFHICERTHo T L HE Lz,
Sreter'® 3R E 4 BEOEYD ATPase &M
BERTAER Type ITERHECE WL EBRT WS,
% 7z Davis 5 & [F)f§ Cooper? 13, JHDEE %
22 ¥ 7 AREE LBHEB R £ 7 A LT
IR DIRFT HEAR % HlE UEREE DIEE: % A 72
EIRRTW3 . Booth 52137 v b D %90
HE¥ 7 AEE#, 60HEOEEERCBT 2
t 7 A OFRER & RAEMER ) ORERE
WKOWTHRN, FBEREOEEICHERTHOK
KEEHETRT] DFEAERE O BIE X ER Ch-o 1o &
WL, ZDX>2 ATPase iEEIX, BE
AR FER e R E R IGERE B2 5 %,
E 512 Type IIFEHEICZ DREEPKE NI L BEE
10 FRRT S . HFEERCLEREHE
DORERFIZAL IR BERE CIRAE T, EERERE
BERTH-o 122 L, #ikmix Type 1 iEHE%
ELBUTHBTHDH I Lo, RACEEARIC
BIF5 ATPase &M & duration & OEARA43
Zzohs.

%72, ATPase EEOEEZTIE TS50 L
L T, central core DRIz b DHSEIEEED
8B D Type Il b FRHED AWCTED STz,
central core DW % AlZ, Central Core disease
DT R B W THERHE D HLES (core &
Wb 5ER) KRFBEORERELSVRD S

NIzZEWEZhs. FIRY MR BRI E
EL72T7y bOE T AFHEER 3~ 4 BB
—EHAENCR > T, T 17 v ARZ YN
LCTMTR=ZEHOHBEREEZ®T Y b O
7 XH® Type I #j#EC 8 DT X TOHAM
T, core ROMWAEEI %5 L gL TS
7z £ 7z . central core DR IZE Type &
BLOBER & F 2 FROF? PHEROEIC L
5L TH5ETOH® 5%, central core 1L
T D HBUAR R HRHED Type L3 & £
LHERICIZ o Te DX, BAETVOED g
FEERTTHEDE W L fRHE D BHE 3 FE BRI H
NTWo LD EFBL 72D 8FED AR -
T central core IZPl7RDIB SN Tz DTldz\n»
MEEZ D, core WM IXIEE 4 ATPase #
BEEBELTOLEWI LIFHBHLY, H5—E
HARCBR > THIERT 5 2 & ROFGHED Type 12D
WO, & 5 IIEBNEN TH % duration
EDBERIISBORETH 2.

muscle fiber CVIZ2oWwW T, BHHY®
Hakansson” i&, A#RHETE M a2 D1
BWOBIRL T AAJEetE 2R L 72, Mk s
X, T v N OREMHE L LT AFITOWT muscle
fiber CV Z8IE L 7-4ER, #8252 2WF &
LD Type DEWVETRBLTED,
Type I DEIE 3%/ muscle fiber CV
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