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INTRODUCTION: 
Among all muscledrvelopmei~t modem n~ethods used in the training of sportmen (Cometti, 

198919). electromyosti~nulation (EMS) is sr~ccessfull (Delitto, 1989 ; Dudley, 1991). Recently, 
the improvement oftthe maximum voluntary dynamic and isometric torques was measured, as 
well a s  the dccrease of the time taken to achieve peak torque. The  sessions using 
e~ectromyostimulatioti were carried out oil static or dynamic mode ( P o r t m a ~ ~ n  et al., 1991). 
Unfortunately, none of them took the morphological changes in  muscle into account with a s  

- rigorous a tool as the scanner. 
This study has two purposes, first to  assess the effects of EMS on the maximal concentric 

torque of knee extension and secondly to measure the influence on the cross-sectional area of 
the quad riceps femoris muscle. 
METHODOLOGY: 

Subjects: 20  physical education students divided into two groups. A study group (20.5 + 
1.8 years, 70.9 * 5.9 kg, 17'7.5 + 4.2 cm) trained percutaneously and a controi group (22.5 -t 
0.5 years, 81.2 -1 5.7 kg, 184.2 + 4.3 cm) trained by voluntary contraction. 

Training : ihe experiment was conducied over seven weeks. five of which were given over 
to the strength development cycle. The initial tests preceded the training period by one week 
and the final tests followed it by one week. The two groups made up of 10 subjects followed a 
rhythm of 3 sessions per week, making 15 in all. 

The control group performed a single series of 30 maximum repet~tions (approx. 70 % of 
one concentric KM) on quadriceps apparatus broken by 15-seconds' r a t .  The study group 
used a Qway stimulator outputting a symmetric orthogonal pulse train lasting 0.1 ms a t  60 Hz. 
The session lasted 10 minutes, contractions being applied to the two quadnceps alternately. 
Each contraciio~i lasted 5 secsonds followed by 1 Sseconds rest, maklng 3 0  contlactions for the 
full session. The working position maintaiiis a 60" leg to thigh angle of flexion, enabling the 
subject to perform an isometric contraction. 

The torque force exerted during each contraction was measured to evaluate relative intensity 
compared with maximum voli~ntary contraction. This varied from 25 % to  56 % for the ten 
subjects. with an average of 44%. 

Maximum voluntary isokinetic torque was measured with a Cybex device according to the 
Deutsche Zeitsch. fuer protocol laid down by Chateris et al- (1982) to ensure identical knee flexion/extension for any 

subject. Time to reach torque was con~puted from the angle at which it was attained. The 
exercise consisted in extending the leg as powerfoll y as  possiblctwice in succession. The six 
selectcd constant angular velocities were tested from fastest to slowest. 

X-ray scanning tomography was used to measure the cross-sectional area of the right thigh 
q~adriceps.  Digitized scaled images were anained accurate t o  one square millimeter with a 
margin of error of 0.5 %. The cross section is  10 mm thick mid-way between the knee cap  
(patella) and the iliac spine. 

Statistical tests : Pre- and post-training mean values were compared within each group using 
the Wilcoxon non-parametric statistical t es t  In contrast, variations il l  results between each 
strength trainiug method were validated using another non-parametric statistical test, the Mann 
Whitr~ey U test. For each test any difference in rnean is significant if the probability threshold is 
at least equal to p < 0.05tnoted: * and ** is p < 0.01 or "* if p < 0.001). 

The changes in the Maximum voluntary force torque at different angular speeds depending 
on the training method means the following facts can be noted: 
As can be seen on table 1 ,  significant improvement in Mrque after EMS orlly occurs at the two 
slowest speeds: the mean peak shifts approximately from 235 Nm to 257 Nm which is  a gain 
of 9.4 96 (p < 0.001) at 30°/s. it irlcreases by 5.6 % (p < 0.001) at 60°is. Concentric work is 
more beneficial to the development of maximr~m concentric f o r e  : 1 1.7% ( ~ 4 . 0 1 )  at 30°/s, 
10.7% {p< 0.001) at 60°/s, 11.2% (y 0.001) at  WO/s  and there i s  even a. gain of 8.8% 
(p<0.001) at 180°is, the first of the fast velocities. if we examine the time to reach the peak 
torque, which was computed, the increase of the time after concentric work occurs for almost 
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