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EMG Activity Patterns of Mono- and Bi-articular Muscles of the Thigh

Kyosuke HayvasHI, Masanori TAKESHIGE, Takayuki SATO,
Kenji OHisHI and Tetsunari NISHIYAMA

The aim of this study is to examine relative muscle activity changes of mono- and
bi-articular muscles of the thigh under simultaneous development of isometric torque
at the hip and knee joints. The hip and knee joints of the subjects were fixed at 90°
and 120° respectively in prone position. The wires with load cell were attached to the
thigh and the shank. The subjects developed the predetermined torque, monitoring
tension of wires on the monitor by themselves. Both of the direction (flexion and
extension) and the magnitude of the knee joint torque were changed, while the
magnitude of the hip extension torque was varied. EMGs were recorded from biceps
femoris (BFL) and rectus femoris (RF) which were bi-articular muscles, and gluteus
maximus (GM) and vastus lateralis (VL) which were mono-articular muscles. The
following results were obtained; 1) EMGs of GM and BFL changed remarkably as the
magnitude and the direction of the knee joint torque changed, although the hip joint
torque did not change, 2) EMGs of RF and VL, which were knee extensors, were
clearly different and 3) There was a correlation between the difference of hip and
knee joint torque and the difference of muscle activity of BFL and RF. These findings
have implication on the reciprocal activity of bi-articular muscles. It is suggested
that bi-articular muscles have a role to control simultaneous torque development at
the adjusted two joints, and mono-articular muscles will then supply the remaing
torque.
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Fig. 1. The scheme of experimental set-up.
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Fig. 2. Typical raw data from one subject; three sections represent the each record as the hip
extension torque is made to change at 11, 33 and 55 Nm, while the knee extension torque

is maintained at 7 Nm.

Table 1. The measurment values for the target values of torque exertion
Knee extension Knee flexion
7 Nm (target) 20 Nm (target) 7 Nm (target) 20 Nm (target)
Hip Knee Hip Knee Hip Knee Hip Knee
extension |extension| extension | extension | extension | flexion |extension| flexion
torque torque torque torque torque torque torque torque
(Nm) (Nm) (Nm) (Nm) (Nm) (Nm) (Nm) (Nm)
g (?:rlgg) 53.311.70/6.6+0.95/54.911.35/19.61.53{54.6+2.30|5.8+1.04 |54.4+2.03/20.2+1.60
% 33 Nm
¥ (target) 32.8+251{7.3+0.95/31.7£2.25/19.90.81(32.3+1.68|6.5+1.15/31.6%1.10|19.7+1.32
(3}
2 11 Nm
an) (target) 10.8+1.34(6.1+0.76|11.7+£1.24|{18.9£1.10{10.9£1.42|5.9+1.29(11.2+1.21/19.2+1.47
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Fig. 3. The change of the activity of the muscles with three hip and four knee joint torques.
The statistical analysis was carried out for the difference with the knee joint torque (p<

0.05).
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Fig. 4. The difference of muscle activation between biceps femoris (BFL) and rectus femoris

(RF) as a function of the difference of

moment between hip (My;p) and knee (Mine) joint.

The plots represent all individual data. Extension torque is defined as a positive value.
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