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Neuromuscular activation of the vastus intermedius muscle
during dynamic squat movement
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[Objective]

The squatting exercise is one of essential weight-bearing exercises used in
rehabilitation programs. During squatting, the quadriceps femoris (QF)
synergists simultaneously act together to control of the movement.
Unfortunately, the activation patterns of the vastus intermedius (VI) located
in the deep region of the QF have not been investigated during squat
movement due to technical difficulty to record surface EMG. However, by
using a recent innovative technique, it is possible to record activity of the VI
using surface electromyography (EMG) during dynamic knee extensions.
The purpose of this study is to determine the neuromuscular activation

patterns of the QF muscle group including VI during squat movement.




[METHODS]

For 15 healthy men, surface EMG was recorded at VI, vastus lateralis
(VL), vastus medialis (VM) and rectus femoris (RF) during the repetitive
squat movements. The electrode of the VI was attached to superficial region
identified to used ultrasonography. The squat movement consisted of
eccentric (ECC) phase, isometric (ISO) phase at the bottom, and concentric
(CON) phase with knee joint flexion angle between 0° to 90°. The speed
conditions were high speed (2s-2s-2s; ECC-ISO-CON), normal speed
(8s-2s-3s), low speed (4s-2s-4s). The root mean square (RMS) of the EMG
signals during three phases was calculated for knee joint angles ranging
from 15° to 90°. Each ECC and CON phase was further divided into three
subcategories (15° to 400, 40° to 65° and 65° to 90°) with every 25° depending
on the knee joint angles. The RMS during squat was normalized by that of
15° to 40° during the ECC phase (ECC 15-40) for all muscles. Normalized
RMS was analyzed using a two-way analysis (factor: muscle X phase and
muscle X speed) analysis of variance (ANOVA) with repeated measures.

[RESULTS]

During the squat movement, a significant muscle by-angle interaction in
normalized RMS of all speed conditions was found (P < 0.01). The
normalized RMS of VI significantly higher at knee joint angles between 40
and 900in all speed conditions, compared with those of other muscles (P <
0.05). In relations of muscles and the speed, the main effect (speed) that
only CON phase was meaningful was accepted (p <0.05). Mean
standardization RMS of 4 muscles in the high speed condition was
significantly higher than low speed condition (p <0.05).

[Discussion and Conclusions)

These results suggest that the VI plays an important role in the flexed
knee position during squat movement. This reason may be that the fascicle
length of each muscles is different. In addition, the difference in
length-tension relations of sarcomere shows the possibility that tension of
vastus intermedius is large in the flexed knee position. It is thought that
architectures of each muscles were related to each activity properties.
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