T R GE B O At i AR A D 5
— YAfE A F6 1 2 I BE A S B o A v —

(f7c4E®S 1 01480364)

i1 ~3FERFMARMEIR
(—iHEB) MAKRBEE

ER4E3E

mEREE F U B =
(REJIEFKZESE)



(£ L DY =

BAMGIEENS., XMERZHARERE (—BHARL) OBROD & CIThN
fo TERIFEESH OMEHESEBOREE, —SBHERICH T2 EBEEEFHDH EEE

B— ] BEMOHARAMELRT L.
Tro MIRETBEBOELETHERINI-HIS TEE D,

CCICHRBAREREEZTEFEHB &L
WO FLOWEBLEAEE

WEoNlcEEZOND, BETOERLCHLYZSABTOEMNRDOAELILDER
ESHHHERERS BDOTH B,

MREKLEE -
MEHBE :
- BII6IEE

CERIER

 FRIEE

MEBHE

BRA63EE

T 3T KH f#k

T OE=
5%
BB Hi
T E®
EE W
(4P,
RE Hig
T
R M
HE #E]
¥ &R
mEA H
£y R
EE W
BME 5]
ZH %
=KEB X
SH 00X

#in

=
FiR

(BINEHMKZEZE -

(RNEFRKFZEFE -
c B

(FBNEHMKFEEFE

(BINEHMARFZEFER -
(BMNEMARZEZR -
(RNEFKFEZE -
(RBINEMKFZEEFE -
(BINEHMKEEFLER -
(RNEMKEERE -
(FeNEFRKEEFE -
(BNEMKZEFE -
(RNEMKZEDLE -
(RNEMRKZEFE -
(BNEMRZEFR -
(TBINEMKZEFER
(RRNERKEEFE -
(BINEMAZELE -
(RRNERKEELE -

T ST R

TR
T I E

st

5 900FHM
600FM
600FH

7, 100F+M

A

#]i%)

B4
BhF)
36
B3 ®)
B4
BF)
BhF)
)
B %)
AR
BhF)
BF)
BF)
= &)
BE)



T 3T 5 F

1. FEE
1) Hirayama T, Takemitsu,Y, Atsuta, Y and Ozawa K:

Restoration of Elbow flexion by Complete Latissimus Dorsi muscle
Transposition. 1989 Year Book of HAND SURGERY 186-187. 1984.

2) Hirayama T, Takemitsu Y, Yagihara K and MikiTa:
Operation for Elbow Dislocation of the Radial Head in children,
- Reduction by Ostestomy of the Ulna-
1989 Year Book of HAND SURGERY 247-249.1989,

3) LU=, MHERB : Hfexor-plastyll HIFZ2EHELTEHDOHE
BREI13EIES  132-134. 1989,

4) FUER=, ZH E. BETH tEF—MTLES
Mobergik (CA TR BEMERREM. BF2E %38 453-455. 1989,

5) T, SH K. BESA. BERE. AXESE. BEE B
BEARBIBICSII2MPERE=-_SU VT OHRR
Spinal Surgery 3: 49-56, 1989

6) Imai, M., Harada, Y., Atsuta, Y., Takemitsu, Y. and Iwahara, T.
Automated Spinal Cord Monitoring for Spinal Surgery.
Paraplegia 27: 204-211, 1989

1) lIwahara, T., Atsuta, Y., Harada, Y., Takemitsu, Y. and Imai, M
Effects of Eperisone Hydrochloride on Spinal Cord Blood Flow.
Neuro-Orthopaedics 7: 60-63, 1989

8) FILER=, zH 1§, PHFSF.MEXESE
BRERICXT2HRBBITHICLIBERRE. BFLFE 145385 13-75 1990,

9) FILUpE=.ZH H. FHESF MTAEEE
HSMEEREBEOHNMAEEREFOMBES.
HRAKEEKRESSE 232 616-617.1990

10) F LU= BRERICXTIHBBITHICE 2EFE
BEBEIR 275 23-27.1990.



MMFILE=. 50 .28 F.MARR + BHESHAETFORERR
—FEEEEREOBREM—. BEIEAH 4E 85 1003-1008. 1991,

1) FLE=.20 B.ZBSF.MELES
EREIEE MR ICXT T BMobergik(C LK AR {BEMBER RN,
BEREEARL 205%& 125 1369-1375. 1991,

13)Tada H,Hirayama T, Takemitu Y,: Extensor Tendon Ruptune after Osteo-
arthrosis of the Wrist Associated with Nonrheumatoid Posttive
Ulnar Varance. Clinical Orthop and Related Research 262. 141-147. 1991

1) A 1% FILR=Z.ZBSF. MAESE : FRUEEHICLIENSWF
BEPR B AR 20# 1353-1350. 1991,

15)Tada, H., Hirayama, T., Asuta, Y. and Takemitsu, Y.
Experimental Study of Neurotization of Denervated Muscle with Nerve
to Vein Transfer. Microsurg. 12: 396-401, 1991,

16) kBB, SHF K. BRE#HTE. MAEEE REFHE THKRE. EBA E.
EE &, EE W
BREECS (28 - P ERFIREM
EHES S 13(1): 166-169, 1991

2 OBEREK (FEFSL)
1) U= 5 H B MKREA IH: MbergihIC L AR EMETRN
ENEBAFOAEIES dLAIM 1989, 5/11-13

) FIUBR=. 20 #.7H5ST: EHEEREFOMETRN
E1EdLBEREREXKEARTS 1089, 6/24-25.

3) FIUE=. 20 F. FIHSF . MAEEAE:
HSMEERBEOBMMAEEEZOBIES
FEOEAXRBERAFFES.  BJIL 1989.9/9-10

4) FIUpE=. 20 #H.PHFSF. M &JAE:
EESBITHICKL 2N /EthSERRH
FRHANMEEMES ER 1990.2/10



FLER=.2H B 9HBSF. M EBE:
MERICXIT 2HRBITHICK 2EEFE
FERBRIBXRFOAEES 5T 1990.5/17-19

FILEE=. ZKHEX $ABEHE. B2 WX &
HEBEARBEBHENCHTIMENTR AR
EIOEABEAMZRIBRBRHES M/ 1990, 10/3-5.

SREE. EE W FIURZ.BAERD. ML HA:
EERUVERECSTINBEEAINOHERPHRT
FENEBEAREHAFES BN 1991, 6/21-22

HIRAYAMA Takakazu. Complate Latissimus Dorsi Transfer to Restore
Elbow Flexion to the Paralysed upper Extremity,

The International Hand Cengress (WPOA)

Bangkok Thailand 1991, 11/15

FEREE. BREEMBEFEELRTOFHAE
FOIR BABREARZER I 1991, 4



BT 3T B =

WEREAEIC & 3 PIRIFEEMBEEOEEE. BEN. BBHCLCHLONTIS
NEDORBEBIIRATH Y BHEEEBEOBEN AL IBERTEEIATH
BNERBATBCEE>TO G, CORBEDIDH LRIFEEHORTHEDE
AN T AREE O M EREENERECHICELWECER L,
P NS ENENSENCRIF T ECLYRERGO B E
ZEH, QAENEBCETREM_RTESHOEEHERZEFEERIAL, Lh
LIhbohBEALEBORH O RTHMNEHERERLESBAIN TV (Y,
NS OBANNERSOES TR, EHIMMEBIEEE O MER R
(CRIDONENETEHBREMCHET LT,

I : B8
FAHROEBNEOEENBEEHNTHHEN LR THNEFBHEA. ZRTHHY
FEMHRRNCOTNEHERFNICHEBRT L. QEENMEETHHEN S EHEMHE
EEEEMBEETHELSEERTTE. OQEMEICE T3 LRIFHESEED
RIBPWF, BEBUSEGBEMLOTHEMNAIROEELWMNACLEZH. BECKEH
ERE

n: HRAEE
REGOREHBRERI QARAEAA180° OBEREEFT S = R EEAEET
MEBEFREL (K RBERABRHOTHEIRELUTORETICTRBINET> -,
BRERAMEBEEENGHIC & URNBEEARN. (LH_EHKE 26, MiES5
EBAS. LR =ERAEER. AMAIEE. RRIEE. AR AR, BAES. FEERG) LYUR
REBIA VY —BRICTERNCHERELEETVVRESEAE, BRESWEIT
fzo BENBMBHICERICHMARBINTEIILEEREFNZOERNBIC THER
UL.EREMCESLCHBEBZXZ. BEFCLIP3FEODEVC_LBRMEOH B &%
R LIc, FREHELULTEBRTHROAEE —EICR>ILIBAEOHEHHBE
EE), REBRE-—ELCR--ICEEOREANRN:ESE (BIEEE) (CECEHBD.
BABENAGOEEHRRERTT LI,

RERM

® B90° EBRIIC TERLBA B HZEE)

@ BH90° JBEEAIIC T/HEEBAT (15kgem, 30kgem, 45kgem, 60kgem) x4 d 3 —FEDE
HAOEREI VLN S OERE A E SN EE

® BIAERE (6.0kgem 15kgem) (LT EI—EDRANEREI T LR ONETR
(6, 0kgem, 15kgem) X T ARANEREICLEINDELEEHBEES

@ F90° BEHRACTEEEHOAREOZR(LICESERHOFHHER



ARBFBICHZEEERING (BIIAKNA EHBLF~IF ER) &8
BREEETAHI0E (BIOA FERISF~61F, L) ZLEERT L1

o BFRARAE

HESEESES (LR EE A WEE S ATRRAIE B LB .

5 (P = BE A, S BIEE. PO{BIEE. BT A5, BT R BR S, TR AR B AS) . BISERS
(BN BAK. SEERS) &Y SERELETOEH-BE. BR-EHE-XR
EHEBC TR L. FREATTCONEARFIHER L. EEFTHRTO
AiEE—TICR->-Ba. HEGBRBEN TR, R MWK, LB, WIEEH
FHESHE LT, tHIES. NHIHBEHELT—E0EHBRER L. B
B, BEMACSIIREABOARIBRINE,N >, BEHE—ECHE-
igs. HENEROEEESH TR, BAK. LR _BAFHIENGE L TEAR.
FREENFEENFELT—EDFHRERXERUL (K3 o BAE. BAA
CETA2BEHOHBEIEBEEINGHN>TLEHRELTO LI _sEH KR, FBeEMH.
MEREES. SIFERNESE B5E LTO LR MK EE AMIEMNBEER. &7
BRAE( A5, BB R B A RIC & O TR i EEMEC S O TE AR C ERED
HUBBEOD—TFOAFRBEROWELAGN>T, o THEMR LR -EAMEIR
LES. RS HESE LT LRSEGEES. HHERL. BEHELTE
AB BENE. SEEABEZRUMIFCH U, tREHREEHCEOTESE
BA. Em. HICHERECHERER. Bi (BN BN CLU—EDENH
RETLUROEREBT,

A) ERRBENHOREHRBELEC L3 F0ER

D90° BHACTOEERANENEH TEAEEDOLHI0° /#LILE T ES IS
DB ESESNNEBRCEA L. BEENFHI0° /BLULTLREIEFOD
MECABLTLR-HASOFHNALEL. BEOHMALEBCEMEEML I,
BARKAETERANE. SEEAGC—E0EBERE RS hh > (B4 .
@F90° BHAUICTHEARLCHNTI—EOEHEREI LN SERENES
BT, FREFCH L TORNAESE —EICROLD LR, LB, bk
EHABRAELTEEE LTERNTANEAEMEEOE A LB _EH
BAMECAIC. WA ARSI ENMACHBLEBN OB I AL (B .
PENER. BABFHICHLT—EOEMNN. BANERE S ¢ KH S ELHE @
REHEITHUEEENARICH LT LE-@EHEBABHIBREL TEEBT S H
HEfhE EEOEACHEOLHE_BEHERBEEHEC, A5 EELELC
L CEBNSEIN-—FEANG R EHEC. ARSAEE RS HEBE
BICERSE LTERT 3EANBERS Ak (K) .

@EEAEOELCES ERAHTHOEHER

EFENCRRBHAT. ERBEOEMCEG., LR _SEHOEEH E 5T I8
ML, ZNERBLTLEB-BEABOFHNEEL, BEEOEMICEOERHE
foLte (K6, BT .



B) BHZMEEKREE (BHE) HOEM. BREEESHCH T3 FHHER,
ZHEDOTIE., BEREI /JBLUTCHSOTHEAN, BB LHE _BEHDOKIEHICD
IHoESOEFAEE U, BEE 3000 SBLUTLCTS ERMBEH O
FUTLREEY OZBHIEBLIUEBCEEETHEEL T (K8) ,
KEQTR IHB_BEHOBNIMEIC., LHEH HEBHOEA (HBICE T 5EH
AEGIEREAEICSOTROBFIAETH > e EEAEEI0° /HLUTFTTHE
BB E L RAHR EEHORMBLEIZNMEAIRETH 5,
REQDTRNBEHERESCEII LHE_BEAHEANF BABHEAEEABICS
WTRBEOEHORIBETET. HEEIN /HLUTTHI—FEDRLMEIC
BT ETRLTOE N,

KE@TRIENHORBIIAREN (BLUTTHHRRL, ERARENEML
THIB_BEHEABLTHRBT2=BEHOEHINEDOAK O (RY)  BEE
E—FICIR->EEEHRCREAFIECHERRECHY,. BRARXRENEN
B L UBERBAOLBENABEEIN, DNTREFTOEBNICLIYENERE
THIBLTL S, Z20RREDHRSEEHEEAEEN0 /¥, BEAERE
300° /#ICHEEL,

v ZE
EERBEBESOEZHHERN G, BFNEENREORHFICLIUERILT E3NZRTEN
FFRRC—FE0ENERWELA. EEHEHCESIZBEAMBELTOLE
B_BEHERERHRVULEHAOMT. FLEAAZEBCEIZ3HBRAMELTOL
WMo ERANHEDR., BAZEFCHFI2BREHELTOEBAREHEEAH
DEITRLDBEICESTZMIBHTEHNOIIBEIN, RE—EDEMHA
BCRELTOREAZEOEMCHES LR ZBEHOFTEEIEQAFCEMLEN
CRBMLTHEAD THA LHE=ZEMNEEE RUAEEZEOEMICHOFENHE N
Lo EERCBF2HBREMME. REERBREIICES O THESO SR, R
BEINL., CholBROENCHECECAERETCONMERETHNBRINL
1=
FEHEHROBEEN (BEHEN) TRECAREE, BOARTRIEEREARE
CHBBEANRIEETH DN, EOVARE. BEFOEMCHEOSHBMEARFIELS
3, EEHENDRAEIEHRARESLMINE BRARENIOELCEFEL. &
KO RELE LTRESRBRTIFR /L. QARMEE /W THMAHOFEIN LI
T3, EBRERNCEOCTRIEESEETCOIRFAHEOMMBOIRE. HRHD DR
BEINGL, HEAFBELBR _BEHRLEPTHEIEARICD LH=SFHDEH
NHERT 3. AEAEENENMLTCHOIBE LR _BEHEHCHBALTCRREATEI=
EHEEBABEINLGOT S, IBEERCHSOTRECEEAREDKEICE
HED LR _EHITAAICEABFINMBTIBZELCEL > THEHRN—TECRIFINT
WB, CORRIABEERGEUTHEIENLEBLUANIVICB T T TICHEE
HiBMECENABEIN TR EHIINE, ULHhLERTEEN (BHEM)
TRIDESLLIHM_BA-LBR-ZBEHOERFECESOTHELNCHEE. BHE

_6_



BHNEESINTNS (RN . COCLRBEMANDOEHMERMEERCHKES
ERUTHWBEHEEEINDS, ChoRERHRARELHBMWHELBEE OBKA
ZTHOTEREL B,

(F&d]
HEBHO=ZRTEBEEREZ I EMENPHNICEER CERERREIREET M
(EREER) ZHERFT L, EERNARBORI]HEA—CEOARE (EhHBE
BII0E. BIAE0E) FTERIBRAH. EMHBCHELTTHEIORE. SREHNEH
BINHAERENBERFOTHIRRATLYECARECEOTOREE SN E
BEINTH30r8BEINIc, EENBBEBOERHHEXORBRBIEIBENESR X
BRETHICLSRENOBREBRTOIS LORE. OKy NIRGLOFAL
EFiITrd., BRENERHOBTHHEXNOBREBEL THERICHS T 28
HBBORBICBINEFHREL B,

[R¥]
NARROKERLY., FHREBTEEHR SEABICEOTRMUBICE S ZEE
EXNCHON G EHEXDEER DIBEM Ll &E. SURBBLE=ZRTEE
ZBORMELBFIINGD., EAABEOBARELC LD ENKRENWEZEZITH
3, LIS > THBRBEALCLZBETFENVDESE L > TL %,
DNEHOTHHMEFEEZ LY. ZXTHNENCHEETI2REF. ERH. 85
DHE. HEFBEERICEIBIZIETHENEIRABNORBENTJREE LB
(FTHCI¥ORKy FEECHICATE 5,

NEENBESOBRES. ENHORBIMESHORBICEHEBLYPIROEETD
RECERATHILITCHESPRBICBTIMEIRICLAINEARSOHEEH
AHNBBEINDE., ChoOBRBRIERELEOBEREZHICTRAINT L EHLEE
2, AZAR-VERADISAINS B, IHICEBEELERERNOBEBRD
HELCOENCERERHRTIEERX S,






RaHA

Power Spectra

b

-68dB "——————1 S kHz

Power Spectra

-68d8 '————T 5 kHz

X2



BROEHONE

! :
tE-mH W——M l']ll " ———“M‘“ﬂ‘“—-‘—‘

LB

sy 1

E#AK

BEAE

%#Eﬁ(‘) 0.5 sec E3



BEAEE LEREORE

B85 B

EtR_-EH

LTHEIZEK

BERE

} /\1 1 /{ i°
o\/ ‘\/ \/ \ \ \UUVVV\/_\/_U_UAJQO

4 BREE (1)

X4

—11 -



BRBREOR(CRRABRNOAR

@Lg@%&&%w‘w“%‘%

Y ] F

_tm:ﬁ'b’i-”\-\w& Ay

25 el — o —
BH R B I 1 ! WWMH

LB ———tl—t s #_-—‘———-«'{-——+~m
HE oottt Wb 1 v

am. 90

aax /N 4/ N | /N /N .

R NVAER VA Ve o e b

BB E %0
34: BRAR (4) ossee



ERAREOZ(LLBRBESONE

e Em®

LTEHER_MBH

B % &%
A
Y
(]
0 L2 L s
1sec

&4 BRAK (1)



BlEfRELERHORR

e LK-WH ¢ . e

O LBEZWE .

g L2 ] " L]

) .
E Lae R 0008 oCJOO
e o .o og 8 0080

o8
0 200 300 400



@igg 180°/s

A& 360°/s

0.5mV
ERE M M Wﬁ.w,ﬁ%_
EZD -l oottt -t
AR a4 BR | @4
mEfHE — — A T /’\ﬁg
o
[l 2sec {
M8 OPLL & 3mMEMES
EhERE 180 /s EfsgE  3607/s 0.25mV

TR i

EIU=BRE: sasmiosgipioterion ook Ao it “ < MI
ERy | S 1
Bl , NS N P g
90
J
2sec

X9

FAREEIC & B ABRAED







INTEGRATED ACTIVITIES OF ELBOW MUSCLES DURING RAPID

FOREARM ROTATION

Akira Mikita, M.D. *
Takakazu Hirayama, M.D., Ph.D.*
Yuji Atsuta, M.D., Ph.D.*
Yoshiharu Takemitsu, M.D.**
* Dept. Orthop. Surg. Asahikawa Medical College
** Professor of Dept. Orthop. Surg. Asahikawa Medical
College
Mailing address: Deptartment of Orthopaedic Surgery,
Asahikawa Medical College, Nishikagura 4-5, 3-11,

Asahikawa 078, Japan



INTRODUCTION

In the motions performed in the upper extremity,
flexion-extension of the elbow joint is well
coordinated with the forearm rotation ( pro-
supination). Our previous studies demonstrated that
the rapid alternating forearm rotation was able to be
carried out by maintaining the elbow flexion angle
within the range of about 5 degrees in normal
subjects. In clinical practice, disturbance of rapid
alternating forearm rotation is common in patients
with cervical myelopathy. These patients could not
keep the constant elbow flexion angle during forearm
rotation . This occurs even in those with normal motor
power of the upper extremity. So rapid forearm
rotation keeping a constant angle of elbow flexion was
thought to be an interesting model which could be used
to analyse the integrated manner in which muscles
performed this motion.

As biceps brachii is a bi~functional muscle which
acts as an elbow flexor and forearm supinator, it was
thought to play an important role in complex elbow
motions. In this study, attempts were made to clarify
the following by using electromyographic analysis.

First to determine the integrated activity of the
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elbow extensor muscles which act against the flexion
force produced by biceps brachii in rapid forearm
supination. Second to determine the relationship
between the biceps brachii and brachialis and
brachioradialis muscles in rapid forearm rotation. In
order to enhance the integrated activity pattern,
loads in the direction of elbow flexion or extension
were combined with forearm motion.

MATERIALS AND METHODS

Eight normal adults were used as subjects for this
study. The mean age was 26.6 vears. The subjects were
placed in a supine position with a shoulder abduction
of 30 degrees. The angles of elbow flexion and forearm
rotation were recorded by an electrogoniometer
equipped with an apparatus designed not to disturb
either of the motions. Electromyographic activities
were recorded from Biceps brachii ( long head and
short head) Triceps brachii ( long head, medial head
and lateral head ), Brachialis, Brachioradialis and
Anconeus using fine wire electrodes. The subjects
maintained the elbow flexion angle at 90 degrees
voluntarily having the visual feed back on an
oscilloscope monitor.

The following movements were analvsed: 1)



Alternating forearm rotation without load, 2)
Alternating forearm rotation with 1load in the
direction of the elbow flexion or extension. In both
movements, the angular velocity of the forearm
rotation was gradually increased from zero to the
maximum level for each individual.
RESULTS

The activities of the biceps brachii and triceps
brachii were observed and the rotation angle of the
forearm was recorded simultaneously.(see Fig. 1-A )
(Figure 1 is here)
There was no significant difference of activities
among each head of biceps brachii and triceps brachii.
During forearm rotation, maintaining the angle of
elbow flexion at 90 degrees, biceps brachii displayed
activity in the supination phase. With an increase in
the angular velocity of the forearm rotation, the
activity of biceps brachii increased. In rapid
forearm rotation, in the supination phase, triceps
brachii displayed activity at the same time as biceps
brachii. The relationship between the EMG activities
of the biceps and triceps and the angular velocitv was
analysed.( see Fig. 1-B) The activity of triceps

brachii was significant at an angular velocity of



about 300 degree/sec and was accompanied by a
significant increase in the activity of biceps
brachii. The other elbow extensor muscle, as anconeus,
did not display activity in the supination phase. Next
the alternating forearm rotation with loads was
analysed. Using a load of 30 kg-cm in the direction of
elbow flexion, triceps and anconeus displayed tonic
activity at still forearm position. During rapid
forearm rotation biceps brachii displayed activity
only in supination phase.(see Fig. 2-A )

(Figure 2 is here)

Although the activity of the triceps was seen in
both the supination and pronation phase, it was
dominant in the supination vhase. In contrast,
anconeus displayed increased activity only in the
pronation phase. The different proverties of triceps
and anconeus were demonstrated although both of them
are in the category of elbow extensor.

With the load of 30 kg-cm in the direction of elbow
extension, the biceps, the brachialis and
brachioradialis displayed tonic activity in the still
forearm position. In rapid forearm rotation, the
biceps displayed activity only in the supination

phase. (see Fig. 2-B ) However brachialis and



brachioradialis displayed activities when were out of
prhase with biceps brachii. The activities of the
triceps and anconeus were decreased by the extension
load.
DISCUSSION

Of the two functions of biceps brachii, flexor
action is antagonized by triceps brachii and anconeus.
However during rapid forearm rotation, biceps and
triceps exhibited co-contraction activity during the
supination. So the supinator function of biceps was
not antagonized by triceps. Furthermore, triceps
changed its activity depending on that of biceps.
Therefore the role of triceps in this situation
appeared to be to maintain the angle of elbow flexion
against the flexion force produced by the biceps
during supination. In contrast, anconeus showed a
different pattern of activity from triceps. It was
suggested that the anconeus may act to compensate
for the deficient of activity of triceps during
pronation. These characteristics became more obvious
when the angular velocity of forearm rotation was
increased. We assume that a neural program may
contribute to the regulation of these activities.

With the elbow extension load, the elbow flexion



angle at a constant 90 degrees, and with an increéase
in the angular velocity of rotation, biceps displayed
activity in the supination phase while the brachialis
and brachioradialis displaved activity in the
pronation phase. It was demonstrated that the
deficiency of flexion force in the pronation phase
against the Joad was compensated by the increased
activities of the brachialis and brachioradialis. This
characteristic was also more obvious with an increase
in the velocity of rotation. These results indicated
that rapid forearm rotation at a constant elbow
angle with or without load was caused by the
integration of the bi-functional muscle and the other
muscles.
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CAPTION OF ILLUSTRATIONS

Figure 1

A: Alternating forearm rotation without load
keeping elbow flexion angle at 90 degrees. The EMG
activities of triceps brachii and biceps brachii are
shown with the angle of rotation.

B: The relation of EMG activities between biceps
and triceps .is shown with the angular velocity on an
axis of abscissa. The EMG activities against maximum

EMG are indicated along an axis of ordinate.

Figure 2

A: Alternating forearm rotation with flexion load.
The EMG activities of triceps, biceps and anconeus are
shown with the angle of rotation.

B: Alternating forearm rotation with extension
load. The EMG activities of the triceps, biceps,
brachialis, brachioradialis and anconeus are shown

with the angle of rotation.
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