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Neuromuscular activities during increasing and decreasing
force of isometric contractions

Noriyuki KIDA, Shingo ODA

Abstract _

The object was to investigate muscle activities during increasing and decreasing force of isometric
contraction. Ten male subjects performed elbow flexion and extension with isometric force increasing
linearly from zero to 70% maximal voluntary contraction (MVC) and immediately decreasing from 70%MVC
to zero. Surface electromyographic (EMGQG) activities from the biceps brachii (BB) and triceps brachii (TB)
were recorded. Force tremor root mean square (rms), EMG rms, EMG mean power frequency (MPF), and
the peak value of cross correlation coefficients between agonist and antagonist EMGs were calculated for
each 1000 ms period. Force tremor rms in the decreasing phase were higher than that in the increasing
phase, while no significant increase in agonist EMG rms was found between both phases. Antagonist
EMG rms in the decreasing phase was higher than that in the increasing phase. The cross correlation
levels between agonist and antagonist EMGs in the decreasing phase were higher than those in the
increasing phase. These results suggest that the increase in force tremor rms in the decreasing phase is
caused by the synchronization of firing of motoneurons, not by the recruitment of the motor unit, and that
agonist-antagonist muscle pairs are controlled as a single unit by a common central drive especially in

the decreasing phase.
key word: isometric force, surface EMG, force tremor, agonist-antagonist muscle
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Fig.1 Atypical set of data showing force, force tremor, biceps brachii EMG and triceps brachii EMG (A). A typical set of data showing
biceps brachii EMG, triceps brachii EMG, and cross correlation coefficient (B).
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Relationship between carbon monoxid concentrations
in resting expired air and smoking habits

Hideshi HASEGAWA, Hironori TORII and Kouzou MATUDA

Abstract

The purpose of this study was to investigate the relationship between carbon monoxide(CO)
concentrations in resting expired air and smoking habits. The 35 smokers and 161 non-smokers participated
in this study. This study involved college students and members of staff. The CO concentrations in these
subjects were measured using the Bedfont new micro smokerlyzer.

The results of the measurements in smoker and non-smoker groups are as follows.

A significant difference (p<0.001) of the CO concentrations in expired air between
smokers(17.114+14.000ppm) and non-smokers(2.130+0.852 ppm )was observed.Of the smokers group,
there were 11 students whose expired-air CO level was below 10ppm, although the level over 10ppm was
generally used to identify a subject as smokers.

The daily cigarette consumption and the number of years smoking were significantly (p<0.05~0.001)
correlated with nicotine/tar content in a cigarette. The CO concentration in resting expired-air in smokers
was correlated with nicotine/tar content in a cigarette.

These results suggest that long-term heavy smokers like a higher nicotine/tar content of cigarette,
which is associated with a higher CO concentration in resting expired-air in smokers.

As a member of this University, concerned with the health and physical education of the students,
therefore I believe that we must seriously confront this problem and educate those who are professionally

concerned as well as those who are the victims.
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Fig.1 Comparison of carbon monoxide (CO) concentration in
resting expired-air between Smokers (n=35) and
Nonsmokers (n=161). Each error bar expressed standard
deviation (SD).
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Fig.2 Relationship of daily cigarette consumption (A), and length of time smoking (B) with nicotine content printed on the side of each

pack cigarette between smokers (n=35).
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Fig.3 Relationship of dalily cigarette consumption (A), and length of time smoking (B) with tar content printed on the side of each pack

cigarette between smokers (n=35).
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Fig.4 Relationship of daily cigarette consumption (A), and length of time smoking (B) with carbon monoxide (CO) concentration in

resting expired-air in smokers (n=35).
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Fig.5 Relationship of carbon monoxide (CO), concentration in resting expired-air with nicotine (A) and tar (B) content printed on the

side of each cigarette pack smoked (n=35).

A COBERR L, #3531 KRG ) DRR=
IF L EFE L KHRETRP CORBEDREIZ, 0.001%
DEELRAENZD ONT, T NI 1ERKL) D
KR —VEAE L ZHITERH COREDOMIZH.
0.001% DEE R AHEIFRD bz,

Z B

oNaDfBIiZ=aFr BAORN VWE - B
VREWE. —EELikFE (CO). 4 DREEEMLY
B, TOMEBEOEEWEIEIT A TVDH T L,
FAMOEETH Ay NIFHIZEFN T ATELD
HEWED) b, EHENEEY RIZTELRWHE A
FHIZETh WL aF L EEHIETh TS
COTHbHW,

BEEIEE > TWEDL, REFETWEI AT
EHBETABRICRET A CORRATLI LIZk B,
COIZCOHb% AR L . M D8 FEEWAEZHEL.
TTEEFEAET OV CBElREE{L ST H&To
BB A HGIT 20T, M TOBEFZEAEI L Dok
b, ThbLCOWEHb EDEEIZED
BB IR BNENR T 25| RITIENEZS
hs3,

4O RZEFEEIFR A CO BB HIE CIERREZ B X
2.130 = 0.852ppm (mean + S D), BZEZEIZ 1 ~
78ppm & [L\EEFIZ 55 L 725, 17.114 £ 14.001ppm
(mean + SD) & SEATHFZE L IZIZEMEZ /R L7212 18, |
7 LMEE R DT R P CO IRLIIIEBLEETE D
10124722 (K1), F - REEIT RS COBREDS
AE % R RS 13— B OBUEARKD D e o 72 D B2

3. 10. 15)



REFEFIE R — BRI R R & BB D RIfR

TBERDSEL P VEREE TH > 12 — Bl % R EE
%u%ﬁﬂ%MWtﬁu<—E®%@$ﬁﬁﬁm?n
3. THEITRHP CORBEDIEMT 2, LLLEES
0#%#% TRHREIT R CO IRBEADBE % 7~ 3 B2E
Fi3, BEEHDEVE WS BIE R SRS
HOII ko7 (M4), T2, #3arbHAKVL
NVDCORBETH LIREE I, BERELFI &
Z L OB RS R . HEEDELEES ) bd D,
FNOEROCOREENTATHY, BRERICOLE
{hwnwEkZEZ OB 1,

A CORBEICHEBE RIZTTERE LTEX LN
L0, (DBYEAL., MZIEEL., O)RARBER DO
M. ()7 330N (VAL ]S ¥y 5 1k
IRERE). BN (=TF 2 ¥ LDEK
REHE) BEND D, 12BGNIDVTIE, FEK
HEMR 7. Fo@NI>nTiE, 74— FEBEL
TOEEZIT,. REI T, Miod T TRVALY, /-
FNTANRE@MGD 1R O EXEM LI b
AVLTF=FE LTRIATHLEND ). SEITEE
L7z

F7-R23 THLHLHI R LS I2, BEZNHERE
LTWAINID1ARKY Y DERR=aF > - ¥—L
SHELRES (—HOBREARY - BUEEYK) &0/
WIEOHESR O, —H. TAVADZ /N A —
H—Tlr=aFrohHEREEERL-ETaF U E
HEZRBEL W HBELH LY, FK=aF ¥
NaEWo7-e SERICI DAL =aF &I, /%y
r—=JRRED. EET8HELLZVEEbHL Y, &
EHEER AR 2 E . Bl 2 TR LRP O =2
FUiBERRE L TWARWAS, L LEEERNRY
NITEWITE, BET A7 301 RS- DRR=1
Fr I VEFEHNE ko TWD (K23), Bk
DWEL Y L HbETEZ L RER LSy r—7
i?ilb% ZVWEA=IF U EFRINL TS E

TEND, FLT, BEIZBITA=3F > DFER]
%‘wﬂ%/ﬂ(ﬁtwﬁﬁﬁﬂi‘——:!7‘/%0)60)#\5;1

ShLEMMERY o TBY . b ) 0L DIdHEHIER
DOHED, BERIIEOLN TS Z Lt BREE
BOUEL 2513, BiREO=OF L - §—NLDIN
DERFOERERY), = aF 2 - =L ROTRE

PIbhbEEZONE, ZOZLIE, ZaF U 5HE
DOETH Y, yNTHER, Thbb=aF>
BRENSHER 72720 [ZaF VKIEREI D I hkoTWw
CEEZOLND, £LTAHR. EESORETHSL»
ol RN=AF VY EREDE WV, $1FKRY —
VEBFERBDSZWI NI R o TV LBEE L, THkE
IR CORBEDHVEELRL TSI EH5 (K5).
A ORMEEER R EITERINL EEX LNL2 1,
EZEHOIZ, COPEIOBETLEE—-ATOHL.
A%, BEEOEAETRF L TV ELWEZEZ T
b, WEHBEIERF CORERIE T, BEEN, L 2D

HEHUE L | CT10ppm Ll % B2EE | Z 1K & JERE
EE L HET HEENTBPIANL N TS 19,
Z DHIEREHED S S EOHFIE T, 10ppm L F OB2EE
BRONz T b bLEEBEERIHVFEE (114)
MHZOMEIZHEUST B, T2 I TOHE,S, HEK
iD= AU E C=ANYE Rl P AL s =s 2 37-1: 0: ANAI=A DB ()
ITEVIE L BEREL R A2HEY »poExHbE
ThH, BEBRSIRHET LB L L TREOFEND
5. BEHE - BELKF ISR T 2T Rw
EEZ D,

SE

1) &EHUR (1985) ERHFET A 77 -8 LTI DR
B E28, X EOEREES QF LT EH
BEWE ORI & APAES . ®~§’£1tm$ (CO) . Xfr
fEETE W . WAR. pp.28.

2) EREEUE (1985) BEHFET AT 7)) — 8. IO
HF . E3E, CNATIEH- TBELV—BEE A
RO E 2 HITiB e S e —OBE L LRILE RO &
.pp.42 ~ 60. ©B2E & 1E5)) .pp.72 ~ 80. KIEEEESE |
)

3) EEFAU% (1980) RIADEEES. Th/ATmiudzcix

SR b EI1E, T 3bhlokEl L
3, B aF Ly TRV B
1R, pp.15.

4) REFHE (1998) Shutout Smoking. H A FHF T :
FE1R.

5) Dhams,Tetal (1990) 72X D —EELRFEEL NV T
LEXE FHFHSBT. 3A 181



6)

7)

8)

9)

10)

11)

12)

REGHEENR

Jordan Goodman. FIH Y54 - R HETF - AHBET
R1996)y Nant R F1E, FoNaLI,
DEFW LAY OREWF - LF - BIEF . FRLH RS
1R, pp.17.

BANIFE - HHER - SBER  EILEE - KFERZ -
EFF0E - EEE - Juife - SHRE L (1992) BUE
BEE B 5 EBHAFROBIREFERMBEDLE). 4
HEF 41 : pp.852.

Horsfield K. (1981) Smoking and the lung.Scientific
foundations of respiratory medicine (Scadding,J.G. &
Cumming,G.,ed.), William Heinemann Medical Books
Ltd.: London. pp.517.

Irving JM., M.Phil.,EC.Clark.,R.G.N.,Iain
K.Crombie,B.Sc., and W.C S.Smith, M.P.H., M.F.C. M.
(1988) Evaluation of a portable measure of expired-air
carbon monoxide. Prev. Med. 17 : pp.109~115.
ANEX (1985) $10%E, E¥E4E 11 A A%EH, 1
— 1, —BURE BB - JEIE— - BERFREE.
REBELREES YEIH 20T % AL : pp.1006-
1010.

Jarvis,M.et.al. (2001) {&= 25 > T £V IRINE. 74T
HEET. 28 15 BfF.

NIREE] - BISHRE - AR ZER - HIRIAZ - NEREXK -
FHACZ(1992)BUEE - BT B IR+ —BRILRFIRAE .
RIEEDFELF © pp.737 ~ 739.

13)

14)

15)

16)

17)

18)

19)

$17% FHRIZESA

JE 4 HR(1993)B2)E & fREk . BT L MR BE ¥ 5 8
E£E FURE IR . EORKLE MHENER - &
N5 D EF¥HE © pp.23 ~ 46.

Louise M.Nett. (1990)25/% - = 2 F L IKFFHED G — B
FANED7-ODH A4 FF7 4~ — . BARKIEREEFK 49 .
pp.713 ~ 721.

FEBK1994) S N LD LN L wh . B, ¥
CZOFY BT RMEE GRRE BEES 8
6 Rll. pp.70 ~ 71.

INT

HEBRA994)F NI LERH LN E W . =8, T

AN HhOZaF MK, (R) BRECBITA=aF
> ORE. HEEIE  HE6R. ppo4.

FEBE(1994) Y NTI L ERH LN UE, =

IF ARFEOES . 2. Tt . Bk EIE % 6R). pp.103
~ 109.

AT IEFI(1998)BLE & PR —BRILIKE - £ DRED B
CER-IPRAEE EL FOEER IMER—FRE. B
AR RREELEIER A T4V LE 2 —$ 1 1
hX. pp.106 ~ 113.

HEMRE (1996) hHEMZEL. —aF L aFEEHA
¥ OEHRFEAST. 3A 1981t.

(2000 45 12 A 20 B+, 200144 A 20 B%H)



L RFED FWEE) = & AL
B LU DIAERIC BT 521

wox &k o H

o= %

o

Changes of daily physical activity, body composition and muscular
strength for female college students during fourteen years.

Hiromi SHIN-YA, Seiichi NAKAI and Tetsuya YOSHIDA

Abstract

The present study was performed to investigate the changes of daily physical activity, body composition

and muscular strength for female college students during fourteen years. We measured height , body

mass, body fat content (%Fat), lean body mass (LBM), back strength and grips strength, and daily energy

expenditure for female college students in 1985 (n=185) and in 1999 (n=202), and compared these

parameters between 1985 and 1999. The daily energy expenditure, back strength, grips strength, and
LBM were lower but height and %Fat were higher in 1999 than those in 1985, while body mass was

similar between both years. These results indicate that daily physical activity, body composition and

muscular strength for female college students changed during fourteen years.
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Electromyographic Study of Press to Handstand
with Straight Body and Bent Arms on Rings

Takanori KIM
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introduction

The Press to Handstand with straight body and bent
arms on rings is one of the basic skills in artistic
gymnastics. But it is not easy even for trained gymnasts
to master the skill, because of the lack of strength of
elbow, shoulder and shoulder girdle and/or incorrect
muscular activities. So, the exact muscular training is
necessary to master it. Schroder reported “The muscular
strength is essential to result of weight lifting, artistic
gymnastic or throw-put and jump in athletic sports. This
apparently indicates that the muscular training in these
sports is recognized to have a high assignment of all
the training process(1969).” Hollmann reported “ It is

necessary for the special training in sports to have the
knowledge of mechanism of exercise which makes good
use of muscles(1980).” It is needed to find the character
of unusual exercise, with a view to making the effective
method of training for strength in artistic gymnastics.
On this point, it is a useful way to analyze
electromyography(EMG) during the exercise. Previous
EMG studies in gymnastics were “An
Electromyographic Study on Progress of the Acquisition
of Proficiency in Gymnastic Kip(Okamoto, 1964),
Electromyographic Study of the Giant Swing(Forward)
on the Horizontal Bar(Yamashita, et,al. 1971) and so
on (Kouno, 1961. Yamashita, et,al. 1971. Yata, 1973.
etc.), while there have been little research on the EMG

B DE A K — V3T . Research Center for Sports, Takanohara 1-3-6 Ohginosato, Ohtsu, Shiga 520-0246 Japan
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study of press to handstand on rings(Kim, 1984).

The purpose of this study is to elucidate the functional
significance of the activity in the muscle concerning the
movement of elbow, shoulder and shoulder girdle and
to reexamine and furthermore consider the previous
research by Kim(1984).

Method

Subjects were six gymnasts who were expert at the
skill. They were active players gymnastic competition
for 8 to 15 years.

EMG recordings were made by means of 13 channel
electroencephalography(San-ei Instrument Co., Japan)
using surface electrodes. For this investigation, a total
of 10 muscles concerning elbow, shoulder an shoulder
girdle were chosen according to previous report(Kim,
1984) as follows.

1, Latissmus dorsi (LATISMUSDOR.)

2, Anteior deltoide (DELT. ANT.)

3, Posterior deltoide (DELT. POST.)

4, Claviclar portion of pectoralis major (PECT. CL.)

5, Abdominal portion of pectoralis major (PECT. AB.

6, Long head of triceps brachii (TRICE. BRA. LO.)

7, Lateral head of triceps brachii (TRICE. BRA. LA.)

8, Long head of biceps brachii (BICE. BRA. LO.)

9, Upper part of trapezius (TRAP. UP.)

10, Lower part of trapezius (TRAP. LOW.)

By adjusting the amplification of each channel in the
electroencephalography, maximum discharge of each

muscle was made by doing the maximum agonistic

Figure 1. An illustration for experimental movement divided into
5 stages

movement. A side view motion was filmed with Bolex
cinecamera(24 frames/sec or 32 frames/sec). The signal
of the motion picture was synchronized with the EMGs
during gymnasts' performances. The experimental
movement was divided into 5 stages as shown in Figure
1.

The first stage ; just as the lower extremities went
down from L-support. 2nd ; the straight line between
hip and ankle joint reached vertical plane. 3rd ; the line
reached horizontal plane. 4th ; the line between shoulder
and hip joint was in 45 degrees from horizontal plane.
5th ; the subject was in handstand.

Additionally, the handstand posture on parallel bars
was checked under the same experimental procedure

as that on rings.

Result and Discussion

Shoulder joint

Figure 2 shows an experimental datum on the
discharge pattern of muscles located at the shoulder
joint during the performance. There were marked
discharges of LATISMUSDOR as a primary shoulder
extensor and slight discharges of DELT ANT of mono-
articular muscle as a shoulder flexor from 1st to 2nd.
From 2nd to 5th, on the other hand, marked discharges
of DELT ANT were shown and that of LATISMUSDOR
much diminished. Marked discharges of Pectoralis
major as a primary shoulder horizontal adductor were
observed during the all the motions. So, there were
marked discharges in PECT AB during the first half
and in PECT CL during the later one as shown in Figure
2. However, only slight discharges of DELT POST as a
primary shoulder horizontal abductor were shown
during all the motions.

These findings showed that the shoulder joints were
actively extended from 1st to 2nd, flexed from 2nd to
5th, and subjects exerted positive strength toward inside
with both arms throughout the movement.
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Figure 3. Representative EMG recordings of experimental results concerning muscles located at the elbow and shoulder joint of the

subject IM.
Elbow and Shoulder joints actively extended
As shown in Figure 3, the marked discharges in from 2nd to 5th.
TRICE BAR LA of mono-articular muscle as a primary The discharge patterns in BICE BRA LO and TRA

elbow extensor indicated that the elbow joint was BRA LO, antagonistic pairs of bi-articular muscles at
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Figure 4. Representative EMG recordings of experimental results conceming muscles located at the shoulder girdle of the subject IM.
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Figure 5. Representative EMG recordings of the handstand on
rings(right panel) and on parallel bars(left panel) of
the subject IM.

elbow and shoulder joint, were reversed as shown in
Figure 3. That is, some discharges in BICE BRALO as
elbow and shoulder flexor were shown from 1st to 2nd,
and noticeable increase of discharges after 2nd.

From the previous fundamental experiments about
“The mechanism of generation and transmission of the
resultant force in combined movement”, and “EMG
activities in mono-and bi-articular muscles during bi-
articular movement”(Yamashita et,al. 1983, 1988,
1995), the discharge pattern observed after 2nd stage
suggests that the movement of shou!der flexion was
always more active than that of elbow extension during
the push movement of upper extremities at the press
to handstand, whereas shoulder and elbow extensions

were performed simultaneously from the visual view.

Shoulder girdie

From the 2nd to the middle of 4th and 5th stages,
marked discharges of TRAP LOW and slight discharges
of TRAP UP were observed as shown in Figure 4. After
the middle of 4th and 5th, on the contrary, marked
discharges of TRAP UP and slight discharges of TRAP
LOW were shown. Previous investigators reported
TRAP LOW which lifted the trunk by Scapula
depressing in chinning posture, TRAP UP which pushed
up the trunk by Scapula elevating in handstand
posture(Duvall, 1959. Nemessuri, 1963. Yamashita,
1974). These findings show that Scapula was actively
depressed in the middle phase of this exercise and was
actively elevated in the later phase to support the body
antigravitationally.

The Difference between handstand on rings and on
Parallel Bars

Figure 5 shows the recording of the handstand on
rings and parallel bars. These exercises were performed
under the same experimental condition on the same
subjects. The discharge pattern in the handstand on
rings is exactly different from that on the parallel bars.
That is, marked discharges of TRAP UP and PECT CL
were shown in handstand on rings, whereas these
muscles.had only slight discharges or almost no
discharges on the parallel bars. It is suggested that
noticeable activity of PECT CL and TRAP UP in
handstand on rings positively takes part in shoulder
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Figure 6. Representative EMG recordings of experimental results concerning muscles located at the elbow, shoulder and shoulder

girdle of the subject TN.

adduction associated with upward rotation of Scapula
at the position of fully elevated arms to hold a position
stationary. The results suggest that both movements
of shoulder adduction and upward rotation of Scapula
are to work aggressively during handstand on rings,
and are not necessary on the parallel bars.

The findings on a case of a subject IM were described
above. The results on the other five subjects were similar
to those of the subject IM, as shown in Figure 6 and 7 of
the subject TN.

Conclusion

From the discharge pattern of the EMGs in elbow,
shoulder and shoulder girdle observed in this
experiment, the movements of elbow and shoulder
extension were actively exerted from 1st to 2nd stage,
and the shoulder flexion was more active than that of
elbow extension from 2nd to 5th stage during pressing
to handstand with straight body and bent arms on rings.
Scapula was aggressively depressed from 2nd to the

middle of 4th and 5th stage and was positively elevated
to the finish of the performance. Throughout the motion,
the subjects always exerted positive strength toward
inside at the shoulder joints.

Further, the strength toward inside was essential to
handstand on rings, but unnecessary on parallel bars.

.

TRAP.UP,

PECTMAJCL.

(TN)

Figure 7. Representative EMG recordings of the handstand on
rings(right panel) and on parallel bars(left panel) of
the subject TN.
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