INFLUENCE OF ELECTROSTIMULATION ON HUMAN
QUADRICEPS FEMORIS MUSCLE STRENGTH AND MUSCLE MASS
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INTRODUCTION:

Among all muscle-development modem methods used in the training of sportmen (Cometti,
1989), electromyostimulation (EMS) is successfuli (Delitto, 1989 ; Dudley, 1991).Recently,
theimprovement of the maximum voluntary dynamic and isometric torques was measured, as
well as the decrease of the time taken to achieve peak torque. The sessions using
electromyostimulation were carried out on static or dynamic mode {Portmaun et al., 1991).
Unfortunately, none of them took the morphological changesin muscleinto account with as
rigorousatool asthescanner.

Thisstudy has two purposes, first to assessthe effects of EMS on the maximal concentric
torque of kneeextension and secondly to measure the influence on the cross-sectional areaof
the quadriceps femoris muscle.

METHODOLOGY:

Subjects: 20 physical education students divided into two groups. A study group (20.5 =
18years, 709 + 59 kg, 177.5 + 4.2 em) trained percutaneously and a control group (22.54
0.5 years, 81.2 + 57 kg, 184.2 + 4.3 cm) trained by voluntary contraction.

Training : the 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 thefinal testsfollowed it by one week. The two groups made up of 10subjectsfollowed a
rhythm of 3 sessions per week, making 15in all.

The control group performed asingle series of 30 maximum repetitions (approx. 70 % of
one concentric RM) on quadriceps apparatus broken by 15-seconds' rest. The study group
used a 4-way stimulator outputting a symmetric orthogonal pulsetrain lasting 0.1 msat 1l Hz
The session lasted 10 minutes, contractions being applied to the two quadriceps alternately.
Each contraction lasted Sseconds followed by 15-seconds rest, making 30 contractions for the
full session. The working position matntains a 60° leg to thigh angle of flexion, enabling the
subject #a perform an isometric contraction.

Thetorque force exerted during each contraction was measured to evaluate relative intensity
compared with maximum voluntary 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
protocol laid down by Chateris et al. (1982) to ensureidentical knee flexion/extension for any
subject. Time to reach torque was computed from the angle at which it was attained. The
exercise consisted in extending the leg as powerfully as possible-twice in succession. Thesix
selected constant angular velocities were tested from fastest to slowest.

X-ray scanning tomography wasused to measure the cross-sectional areaof the right thigh
guadriceps. Digitized scaled images were attained accurate to one square millimeter with a
margin of error of 0.5%. Thecrosssection is 10 mm thick mid-way between the knee cap
(patella) and theiliac spiise.

Statistical tests: Pre- amd post-training mean values were compared within each group using
the Wilcoxon non-parametric statistical test. In contrast, variationsiiu results between each
strength training method were validated using another non-parametric statistical test, the Mann
Whitney U test. For each test any dlfferenceln mean issignificant if the probability threshold is
at least equal to p = 0.05 (noted: * and ** isp « 0.01 or ®** if p«0.001). :
RESIILTS:

The changesin the Maximum voluntary forcetorque at different angular speedsdepending
on the training method means thefollowing factscan be noted:

Ascan be seen on table 1, significantimprovement in sorque after EM Sonly occursat the two
slowest speeds. the mean peak shiftsapproximately froam 235 Nm t0 257 Nm whichisagain
of 94 % (p = 0.001) at 30%s. it increases by 56 % (p = 0.001) at 60°/s. Concentricwork is
more beneficia to the development of maximum concentric force : 11.7% {p<0.01) at 30°/s,

10.7% {p< 0.001) at 60°/s, 11.2% (p< 0.001) at 90°/s and thereis even & gain of 8.8%
{p=L001 ) at 180°%s, thefirst of the fast velocities. If we examine the time to reach the peak
torque, which was computed, theincreaseof thetimeafter concentric work occursfor almost
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Explosive Index following Concentric Work
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all velocities, Bui it's only significan! al 1B0%s with 15% (p<(ul] L It wag expected thal the
pmparoe el ool ik imiom tongue slepes ihe inee Ehen o achieve ihe peal,

O the comrary, trainiog wsing FAS hos made the lime o peak sgnaifcantly duc‘muﬂialg Tow ike
3 lasest vslosikies = nearly Igﬁﬂ P ] dat 18O - TH2 % p= 0000 b et 3007 and -
2405 R p= 0] b a5, ¢

In order to Felofivize this fact by the improvement of maximom lorgue, we propose a
compansm al the mbio peak boegue over tese beachieve it thas is the eyplosive index,

In termin of explosive power stremgth development, the voluntary conlraction o a concemnc
wink soems Lo be effective only for vory stow velocties (figore n®1): + 5.9 % { p< 005 at
Jiis, The 1::,F-Jn5i1.'e inclex would decrease al high velocities bl noi S&gniﬁr:—irﬂl}'. Linlike this
teaditicnal meahod. EMS secms to be the most effective work to improve the ex plosive power
skill (figure n=2) : ¢ ML6 Tl 309 (pa000), + 178 % ag IBO%s (p=D001 0, + 20.8 % @l
AH0°s {p=th OO0 amd + XT.7 T pn 3607 [ pcll00] ). However, the Mann whitimey Lesl slades
this hypothesss because of the fact that concentne wosk would increase (he explasive index al
low velocity ina significant manmer. AL last, we miest point oul that the computed toimogrophy
of the cross-sectional area shows a significant and subsiantial hypertrophy : 8% using EMS
versus only 2% using CUW.

ANSCLUSSHNS

M imun foroe fest results shiw (hal voluntzry commetion is mone effective st low speeds.
I should be stressed that the control group rained a1 about 700 of s maxiosum veluslary
isoimEre sirength. While the EMS group, whose contractions mnged between 25 % and 56 %
of the maximem voluatary isomeiric foree, had o group average of around 44 5. Comgared
wilhi earlier stadies, 1 ic l-ih!'ly thai thas I level ol waork 1= one couse of lack of progress in
terms of strenpth which can and should be improved on in lsore. However, the weakness of
quadriceps comtracions in electincally stimulaled subjects did nol prevent sizeable hypenrmphy
being meazuresd Tor fifleen sessions spread over (ive weeks, 10 can be considened that the
training losd oF voluntary contractions and stmalation currenl peramelers wene not aimed al
exbausting moscle resources and 2o enkancing micsculor mass. For high speed measurement
the trend is reversed, Here the inercased effectiveness and value of electmeal stimulation is
shaviwm. S mich 5o that thers would seem b he, in the mafio impmw:m.:nl o § hie maximum
bsrgiie yarinfiooWtimes b mazimam oegie vanaton, 5 valeatde method for expressing and
contmlling fhe explusive sirengih sought i some disciplives: this is the explasive power laclors.

CONCLAUSIOM
Tor s i i esscnce of this work, a0 cin be clamed thatl the sygmificant resalis of (he

* expenment poing io the we of elecincal siimulation for sporis trmining of it is decided io increase

overall muscle mass while comsaderably enhancing eaplosive strength. This suggesls il is an
excellent methed for body bailding or other activitics where it is difficult s reach this objective
during cermn imining pemods While awattimy Tundarmental data thal woeald beiter explam such
phenomena, further Sudies are peeded 10 explore pammeters for getting the most ot of EMS in
terins of Ry perrophy aisd sccendly, above all developrmyg eccemine Inuning on lop of EMS-
mdisced wuximugn coplmction,
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