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EMG Pattern Analysis of Isometric Muscular Contraction in Thermoregulatory Heat Pro-
duction*

(1) Cluster Analysis and Factor Analysis of Grouping Discharge

Masayuki Koxpo, Shinichi Someoka, Nobu OnwaTari, Kazumasa YAMAGUCHI,
Hirokazu FujiMoTo**, and Mitsuo Kosaka, (Department of Epidemiology and Environ-
mental Physiology, Institute for Tropical Medicine, Nagasaki University)

Abstract: In a neutral temperature environment, six healthy human volunteers aged 22-
33 years were examined by computer analysis of EMG patterns of dominant biceps bra-
chii muscle throughout its isometric contraction against a constant load. The isometric
contraction was performed from a seated position with the elbow resting on a flat surface
and 45° angle to the table (90° flexion).

Fatigue EMG of unilateral biceps brachii was recorded during 40% maximum contrac—
tion value (MCV) isometric contraction, using both surface and fine needle electrodes.
Properties of grouping discharge in EMG patterns of cold shivering and muscular fatigue
were investigated. The interval of consecutive two pulses, mean frequency and mean
duration of grouping discharge were analyzed by Cluster analysis as well as by Factor
analysis using an analogue computer ATAC 450 and a personal computer PC-8001.

Two different modes of interval of grouping discharge were found from a dendrogram
of P-mode Cluster analysis. One had an interval time of 1—19 msec and the other had
20—50 msec of consecutive two pulses of grouping discharge. The data of Factor anal-
ysis using a Direct Varimax method also revealed a significant difference between the
two modes interval, namely in the one, less than 19 msec and in the other, more than
21 msec, respectively.

These results indicate that the range of interval of consecutive two pulses of grouping
discharge in EMG of cold shivering and isometric muscular contraction is conclusively
20 msec and that the range is identical with the result of previous studies. The dif-
ference between Cluster analysis and Factor analysis was further discussed to evaluate
the purposes and nature of the statistical analysis.
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Fig. 1. Method for isometric contraction. A
seated position with the elbow resting
on a flat surface and 45° angle to the
table (90° flexion).
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Fig. 2. EMG pattern changes during muscular

fatigue
EMG of localized muscular fatigue of
unilaterel biceps brachii during a 40%
maximum contraction value isometric
contraction.

A: Initial stage of fatigue

B: Middle stage of fatigue

C: Terminal stage of fatigue
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Fig. 3. Histograms of interval changes in consecutive two pulses of grouping
discharg. EMG recorded in the time course of muscular fatigue of

dominant biceps brachii during isometric contraction.
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Fig. 4. Dendrogram of a subject | . Clusters divided into two parts at a
correlation coefficient —0.412.
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Fig. 5. Dendrogram of a subject [ . Clusters not to be divided into two
parts at any correlation coefficient



116

Table 1. Factor loadings by Direct Varimax 5.
method (for details see text). BTFAFIE1E, BESHD W om olTER
Inte(rvals , f‘actor—loadingsﬂ H, 2% 0 200HREAAALAHMOEA V2 -~
msec
751 ~50 7 B 4% v a =
X —0. 5777 +0. 4024 EDMBETTIICH Y, 1~B0fTHN KA V&
2 +0,. 6313 +0. 4567 N, 1, 2F71A2N FI1HTF, F2ETFTHS. =
3 +0. 8084 -0.1225 CTCRTFEE S0, F—2OBERRET LS
4 +0,.9221 -0.2172 . . ' .
5 +0. 9074 0. 0711 %@?%5&» FoEME, £HEE &@*ﬁB@ﬁﬁﬁ
& +0. 9554 —-0. 2233 HHEBIS NS, KIROBHE, K1 V-1 D5
7 +0.9933 -0.0314 ENAMTH DO T, RFOMRL, Bictfibich
8 +0. 9808 +0. 1626 e o e R
o +0.8195  —-0.2586 e FHETR, H2ETFETRD T z.m,, I
10 +0, 6392 -0.6891 R 20 TRTAHRB E, B1IRF39.5%15 L,
11 +0.2277 ~0.5516 HOHRTH19.1% L VEVEER LT3, 13
12 +0, 8393 -0, 0561 - . : C )
< —0. 1851 +0. 1398 HRL oi,_ AT Ih /T2, EE%@%&&@*(
14 +0.6942 +0.1870 ENRTHBTE EAHRENEEIHRDOZ L
15 +0.8928 +0.2811 ThHbHH, BL2HTOREROF XA, Cluster 4
16 -0.0276 —0.9913 - _ ) USRI,
17 +0. 1464  +0.9351 MO AR L B S R IRETH D = L 2R
i8 -0.0381 +0,9177 Ihs.
19 -0.92412 —-0.0343 FHIRFIOWTRTHRS L 1 msec~10msec ¥
20 +0.0140 +0. 4026 .
N 1 Z N
o o Tr12, 14, 1smsec K EOMIBIAR R, 11, 13,
22 -0.317%9 +0, 131% 16~18, 20msec (ZAHBIA R BT, 19msec k21
23 —0.4806  +0.1448 msec Ll Ewcit, —EBINADHS LoD AN
24 -0.9212 +0, 2106 i N 0 L i i
25 ~-0.3684 +0, 2465 RoRA Lo, AN & RO ALT 520
2 -0, 6591 +0, 5228 msec %, ZOHEED, 20075 — SO v
27 -0.1895 -0, 6364 B L LU
2 —-0.6910 +0.1859
29 -0, 6000 -0, 18623 )
30 -0.8733  —-0.1162 DlE, B8 « [ AV SRS REIED
31 ~0.6345 +0. 6839 EXER L BEIN S HRE L 2D B 20
32 -0,4987 -0.0851 R pe o . N
=3 0. 9277 —0. 157 msec G2 33 u,n«ib 5h 55 Cluster ik &
34 -0.8502 +Q, 4973 CHRFSIC L - CIEB S e,
35 -0.5714 +0. 0885
36 -0.5078 +0.5194
37 —0.6288  +0.1239 <% ">
38 -0.9406 —0.0644 _» . .
39 +0.2726  +0.7399 HRE LD G.D. OfFficis Tz, - grouping
40 -0, 3208 +0, 2860 DEHESED 20D 7NV —FHEDA v & - LD
41 -0.7865  -0.5022 ED B L 75 - T 0%, FERO PRS0
42 +0.0155 -0.2116 18200 3 gay | - ; N N
43 +0.1251  —0.510% O IV, EoHBCEBINBERSA DA
44 +0. 2390 +0, 2574 IeAREME K D o e ChIEK LABRERLEE
45 +0.5848  -0.0689 BRFOEREEFESHDIcTB &, I, X vE
a4 -0.7750 -0.,4554 . N )
47 +0.0572  +0.2891 Bl L ey, AHRCE - THSRFERTHD L%
48 -0.1061 -0,4318 xbhn. FTY Cluster 47k, £HEDE D,
49 +0, 3931 -0,7202 22D AN ARDA v & — S AHEOHREERY
50 -0.3119  -0.2427 dend e b g b e L ot ‘
endrogram + & 5 CHERICRTZ LAFRET
Contributions +Q . 3950 +0.1910 »v, TEFIML, F#HEE BEIShZ2AET

L oBfRE, MBIRECRL, ABHERS 2oL E



#x bh, Cluster SHFO#EN EHiC - T, B
RosREC s - 1B T B TH .

BWERE 6 NI DO\ TR LickER, REIRE
2o — T4 v E -4, 17Tmsec b
24msec |z 7~ b EH20.6msec THH, FHE
W TUE, FEROTITERS R LT BT 5D
DTH-Te. RO WTUL, 22D 7 —
THDA v & =DM, VFHELS XD,
Mi—Shifle UTERE LT, APk
Tit, Hx A2 THREEL RS, 0Bk
I, G.D. oHck T, MAEYEELLE
BRI 5 b DEELBRS.

Fig. 6 1, Cattell®® 2R Uk, H#othics
FAMEBDREEE o FMERHL LIERTHD.
HROBIC I\ Tt BEEREIO BB A L EEA
OER #5540 (R-technique, HEETHIPE
728y, V& o T ol o & OB A B
WOERZ ST 5 & O (P-technique, HERTAYHFIE
LIPERASHTHGTD) BnETH-7. Ll
DX 5 e 2 RITTH I REHLEE D Bix, SRR
MUMRDLZ ERHET, Bk E LG Ao
AR - TV B EE R 5.

Sy, By B a0 ofiitktiy —5it
BT, BB AL&bETE 35 iR e o
PR IhL I AL BETHD ] LE O EHRAE
DEL HBATALENELSTHA 5. SHIHE
7z Cluster 811220 TiE, & 98 - felE AL
D% FEER D At EEE < BRI < EEkA O 3
IO A K LB+ % 3 Dimension Cluster
SHOBR P IED LR TE D, SHOREI LI
ShaHThs.

iz, BREFECERRESECRT 5 HERYE

Variables

'
Q-technique
O-technique
1 ]
1

Fig. 6. Three dimension analysis of data matrix
(Cattell. 1946).

117

B s T G. D oA BENERE, Lkl
M FoBERSTLEOBREFE L TaELD
SAELODI R L, Lo b eSO EREROML,

252 RIS O BRI B R S h B WS O EN
Wb G. D.AEEIN, D, G.D.OFRIZH
P05 ikt T 5 EOIRE v A RS 20 msec
LT 5 EL KB L R#E 580
B BRI IE S B T LB 52 5 5D TH D,
KRS ADICA L TR TH .

<E >

WREE T T 6 %0 BHERED LY
(M. Biceps brachii) c[fiF « % RMEAFILHE 4 Fk
L, FofkiicEiT s BiEs o EMGHEY 7
— 2B AT & (ATAC450K s PC-8001) #
VTR LU T o R & E .

D% R X 570 EMGIF AT
Fers s 5 2 WD EMG & AR BHLIE (grouping
discharge: G.D.) 2\BEIn.

@G.D.oWHEFERAT D, G.D.O
HERR S T R T 5 2BOHRE A ADA Y
& — o HBITF IR ke, ¥z P-mode
Cluster S Hix 1T -1z, FoOREB ST dendro-
gram (¥, 2{HDASAAVAD A v E = 1~19
msec & 20~50msec D 2 FETHMI, D2, TRE
DA 7T AR OMET R S TRIKEY
I B LT,

3@’ L1 Cluster 2470 dendrogram T,
4 v x— AR 2 B RS T & ik Tl L C,
AHEE{T# % k> 7o #8ic Direct Varimax i X 5|
FAWERITCE TR ER Lic.

HTOHOEEN D, G.D.JBHOA v&—s 1
1719 msec~21msec 2 EMSE L HBA L, Z OFIRE
KOPIEERN TS CHHHELI LIcHE 5.

@HL, FEROPIETILG. D. of&M#ECER
R EA T D WJREME A L Qe AR SR (L
BO@) DRERIL, L RFHTONE X » TG.D.
DEMRREN L VEB & e ToiiERTH S,

GOEBEADEAS D 2 EHIHE « S REFIHED
SR, O EMGEBSH, Hic, Cluster 7
R TOHOMEE Lo ERc >V T =0
Brmz b



118

<X B>

1) Bligh, J. (1973): Temperature regulation in mammals and other vertebrates. 70—75, North-
Holland,”American Elsevier Pub. Co. INC., New-York.

2) Cattell, R. B. (1952): The three basic factor-analytic research designs-their interrelations and
derivatives. Psychol. Bull., 49, 499—520.

3) Cattell, R. B. (1946): Description and measurement of personality, Yonkers, N. Y., World.

4) Fruchter (1954) : Introduction to Factor Analysis. 1—105, van Nostrand Co. Ltd. New York-
Toronto-London.

5) MREEHk (1979): 7 5 A x —HHOER. HEASE, 190, 5—8.

6) Hemingway, A. (1963): Shivering. Physiol. Rev., 43, 397—422.

D AT 1962): BT-HHnc sl s NEMoFBLic LT LEFRE, 34(1), 36—39.

8) /NIEH (1981): 5% 2. WBERY (IR, 111—121, B T4, Hi.

9) Kosaka, M. & Simon, E. (1968): Kiltetremor wacher, chronisch spinalisierter Kaninchen im
Vergleich zum Kaltezittern intakter Tiere. Pfliigers Arch., 302, 333—356.

10) Kosaka, M. & Simon, E. (1968): Der zentralnervése, spinale Mechanismus des Kiltezitterns.
Pyliigers Arch., 302, 357—373.

11) Marsden C. D., Meadows J. C. and Merton P. A. (1976): Fatigue in human muscle in rela-
tion to the number and frequency of motor impulses. J. Physiol., 258. 94—95.

12) Nishioka, K.: personal communication.

13) K¥E b, NEEB, LBEBE, HTEE, GHIET, WOME (1981): VY ¥ DRSS L LHER
B 5FLHKE (Grouping Discharge) ofii;. BuEE=:, 23(1), 61—67.

1) EBHE (1974): 7 5 A 5 —SHREROREMR DT, BB LEFH%E, 22(3), 45—49.

15) Spaan, G. u. Klussmann, F. W. (1970) : Die Frequenz des Kiltezitterns bei Tierarten ver—
schiedener Grofe. Pfigers Arch., 320, 318—333.

16) Stephens, J. A. & Taylor, A. (1970). Changes in electrical activity during fatiguing voluntary
isometric contraction of human muscles. J. Physiol. 207, 5—6.

17) Stephens J. A. and Taylor A. (1972): Fatigue of maintained voluntary muscle contraction in
man. J. Physiol., 220, 1—18, (London).

18) Stuart, D., Ott, K., Ishikawa, K. & Eldred, E. (1966): The rhythm of shivering, |, Gen-

eral sensory contributions. Am. J. Phys. Med., 45, 61—74.

19) Stuart, D., Ott, K., Ishikawa, K. & Eldred, E. (1966): The rhythm of shivering, [, Pas-
sive proprioceptive contributions. Am. J. Phys. Med., 45, 75—90.

20) Stuart, D., Ott, K., Ishikawa, K. & Eldred, E. (1966): The rhythm of shivering, [j, Cen-
tral contributions. Am. J. Phys. Med., 45, 91—104.



