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■■■■ The aim of this study was to investigate the influence of a
4-week electromyostimulation training program on the
strength of the knee extensors and the vertical jump performance of 10 basketball players. Electromyostimulation sessions
were carried out 3 times weekly; each session consisted of 48
contractions. Testing was carried out before and after the electromyostimulation training program (week 4) and once more
after 4 weeks of normal basketball training (week 8). At week
4, isokinetic strength increased significantly (p < 0.05) at eccentric and high concentric velocities (between 180 and 360 8 × s–1);
this was not the case for low concentric velocities (60 and
120 8 × s–1). Electromyostimulation training increased also isometric strength at the two angles adjacent to the training angle
(p < 0.01). Squat jump increased significantly by 14 % at week 4
(p < 0.01), whereas counter movement jump showed no change.
At week 8, gains in isokinetic, isometric strength and squat jump
performance were maintained and the counter movement jump
performance increased significantly by 17 % (p < 0.01). Electromyostimulation as part of a short strength-training program enhanced knee extensor strength and squat jump performance of
basketball players.
■ Key words: Isokinetic dynamometer, isometric strength,
knee extensors, strength training, squat jump, counter movement jump.

Introduction
Electromyostimulation (EMS) is mainly used in rehabilitation
programs when nervous function has been compromised, for
example, as a result of injury. It is considered to be a good com-
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plement or supplement to the voluntary process [14]. In recent
years, it has also been used by athletes in the context of training programs to develop strength and physical performance.
Efficacy studies have been carried out in cycling [46], swimming [37], and weightlifting [12]. However, none were performed in team sport like basketball. The quadriceps [35, 40],
triceps surae [30], latissimus dorsi [37], and biceps brachii [7]
muscles have previously been electrostimulated. Widely differing gains in strength have been reported, for example from
0 % to 44 % [10, 28, 40, 43]. Differing stimulation methods,
training and testing protocols, pre-training status, and interindividual variation may account for some of the discrepancies.
Only one study has examined whether EMS training has an effect on vertical jump performance [49]. These authors reported that a specific resistive exercise program with EMS improved vertical jump height in a group of professional tennis
instructors and recreational sportsmen.
A typical basketball match involves a mean total of 46 ± 12
jumps for each player [31], with or without a stretch-shortening cycle (SSC). Hubley and Wells [25] have shown that quadriceps femoris activation contributes 50 % of the work involved
in a vertical jump. Similar findings have been reported by Bosco et al. [5] for the squat (SJ) and counter movement jumps
(CMJ), even though the muscular activation involved is different. Indeed during CMJ more work is done during the concentric phase. The SSC allows elastic energy to be stored and then
re-used, something which cannot happen during SJ. A study
[22] performed on male and female basketball players has
shown that SJ and CMJ performances correlated significantly
with the maximal leg extension isometric force. Thus, the role
of maximal strength may also be important for explosive
strength development. Although explosive force production
of the leg extensor muscles has been shown to be an important
neuromuscular performance characteristic among basketball
players [18], very few studies have been conducted to determine the most effective training program for the improvement
of muscular strength and vertical jump ability over a competitive basketball season [1, 23]. Amiridis et al. [1] have also observed that regular basketball practice had no beneficial effect
on strength performance.
Therefore, the main aim of this study was to determine whether or not a 4-week electromyostimulation training program,
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added to a standardized basketball training, could affect quadriceps strength and vertical jump performance in a group of 20
basketball players. A secondary purpose was to determine
whether the effects of training could be either maintained or
increased by a further 4-week period of standardized basketball training.

Material and Methods

be reached at the beginning of the stimulation and maintained
for 3 s. In each case, the level of force was measured with a
myostatic type dynamometer (Allegro, Sallanches, France)
and verified by the examiner. The maximally tolerated intensity varied between 60 and 100 mA depending on differences
among subjects in pain threshold. No subject reported serious
discomfort from this current. The ES group preceded each MVC
measure and each EMS session with ten submaximal voluntary muscle contraction (from 30 % to 80 % of the MVC).

Subjects
Twenty male basketball players competing in division 2 of the
French Basketball Federation League took part in this study
(age 24.7 ± 3.9 years; height 193.9 ± 6.9 cm; mass 87.7 ±
8.9 kg). They were randomly assigned to an electrostimulated
(ES, n = 10) or control group (C, n = 10). All 20 players had
trained and competed regularly in basketball for on average
6 – 10 years. None of them had previously engaged in systematic strength training or electromyostimulation experience. The
subjects, all free from previous knee injury, agreed to participate in the study on a voluntary basis and signed an informed
consent form. Approval for the project was obtained from the
University Committee on Human Research.

EMS training
One week before the beginning of the stimulation period, the
ES group participated in two practice sessions to acquaint
themselves with stimulation parameters. Table 1 shows the
4-week EMS training program. It consisted of twelve 16-minute sessions, with 3 sessions per week. During the stimulation,
subjects were seated on a machine used for strength training
of the quadriceps (Multi-Form’, La Roque D’Anthéron, France)
with the knee joint fixed at a 60 8 angle (0 8 corresponding to
the full extension of the leg). Both vastus medialis (VM) and
vastus lateralis (VL) muscles could be stimulated simultaneously. A portable battery-powered stimulator (Compex-2,
Medicompex SA, Ecublens, Switzerland) was used. Three
2 mm-thick, self-adhesive electrodes were placed over each
thigh. The positive electrodes, measuring 25 cm2 (5 cm × 5 cm),
which had membrane depolarizing properties, were placed as
close as possible to the motor point of the VM and VL muscles
and near the proximal insertion of each muscle. The negative
electrode, measuring 50 cm2 (10 cm × 5 cm), was placed over
the femoral triangle, 1 – 3 cm below the inguinal ligament. Rectangular-wave pulsed currents (100 Hz) lasting 400 µs were
used. Each 3 second contraction was followed by a pause lasting 17 seconds. During the training sessions each muscle performed 48 contractions. Intensity (range 0 – 100 mA) was monitored on-line and determined by the subject at the start of
each EMS session to produce a force of 80 % of their pre-test
maximal voluntary contraction (MVC) score. This level has to
Table 1

Weekly training protocol
Mon

Tue

11.30 – 12 a.m. EMS

EMS

7.30 – 9 p.m.

BB

Wed

Thu

Fri

Sat

BB

GAME

Sun

EMS
REST

BB

EMS: electromyostimulation session
BB: standardized basketball session

BB

BB

Standardized basketball training
During the experiment, the athletes all took part in basketball
sessions, which were supervised by the same coach (5 sessions
per week; 90 ± 5 min per session; Table 1). The typical session
was divided into warm-up, main, and recovery periods. The
warm-up lasted about 25 min and included jogging at increasing velocities, ball handling exercises, jump shots, and 10 min
of static stretching. The main part of the sessions involved a
variety of skills with different objectives (defensive fundamentales, attacking fundamentales, collective defence, attacking
against different defences, special situations). The work/rest
ratio was close to 1. The recovery period lasted about 20 min
and included jogging at low velocity and static stretching for
10 min.

Strength testing
One week before testing the subjects from both groups were
familiarized with an isokinetic dynamometer (Biodex Corporation, Shirley NY, USA) during one session of the complete
experimental procedure. The day of the test subjects warmed
up by performing five submaximal concentric actions at each
experimental angular velocity. The strength measurements involved 3 maximum extensions of the right leg, from 90 8 of
flexion to full extension (0 8), performed at 8 angular velocities
(concentric: 60 8 × s–1, 120 8 × s–1, 180 8 × s–1, 240 8 × s–1, 300 8 × s–
1
, 360 8 × s–1, and eccentric: 60 8 × s–1 and 120 8 × s–1) and by 5
isometric contractions at 45 8, 55 8, 65 8, 75 8, and 85 8. Constant
Angle Torques at 65 8 were computed directly by the Biodex
software and included in the Torque/Angular Velocity relationship. A 4 min rest period was allowed between trials to eliminate the effects of fatigue. For the isometric action, the effort
lasted 3 s with a 2 min rest period between successive efforts.
Isokinetic and isometric trials were randomly presented, and
only the best performances were included in the analysis. To
minimize hip and thigh motion during the contractions, straps
were applied across the chest, pelvis, mid-thigh, and lower leg.
A strap also secured the leg to the Biodex lever arm, and the
alignment between the centre of rotation of the dynamometer
shaft and the axis of the knee joint was checked at the beginning of each trial. The arms were positioned across the chest
with each hand clasping the opposite shoulder. Torques were
gravity corrected at each joint angle, using the maximum
torque of the weight of the limb obtained at the joint angle
where the gravity effect was greatest [44]. For all the subjects,
tests were performed before and after training and at the same
time of day on each occasion.
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Vertical jump testing
Each subject performed vertical jumps on a Bosco’s mat (Tel.
Si. srl, Vignola, Italy); a digital timer was connected to the system for measuring the flight times of the jumps. Knee joint angle was measured from an electrogoniometer (Tel. Si. srl, Vignola, Italy) fixed on the right leg of the subjects. Calibration of
the goniometer was performed prior to each test. The squat
jump (SJ) was measured starting from a static semi-squatting
position (knee angle 90 8) and without any preliminary movement. The counter movement jump (CMJ) was performed
starting from a standing position, then squatting down to a
knee angle of 90 ± 5 8 and then extending the knee in one continuous movement. During these tests the arms were kept in
the akimbo position to minimize their contribution. The position of the upper body was also standardized so that a minimum of flexion and extension of the trunk occurred. Subjects
were asked to jump as high as they could three times, and the
best performance was reported.

Statistical analysis
Standard statistical techniques were used to calculate means,
standard deviations, standard error of the means, and linear
correlation coefficients. Statistical analysis of the data was accomplished with a two-way analysis of variance: group (ES, C)
and time (baseline, week 4, week 8) were the independent
variables. A one-way ANOVA was performed in the ES group
at week 4 in order to compare both absolute and percent increases across joint angles. When significant treatment effects
occurred, LSD post hoc tests were used to test significant differences among means. The level of significance was set at
p ≤ 0.05 for all procedures.

Results
Before training there were no significant differences between
the ES and C groups in physical characteristics, knee extensor
strength, and vertical jump performance.

Fig. 1 Torque/Angular Velocity relationship of knee extensors using
Constant Angular Torque (65 8) on Electrostimulated (upper graph)
and Control group (lower graph). Values are means ± SE. In ES group,
* and ** indicate that values at week 4 and/or at week 8 were significantly higher than pre-training values at the p < 0.05 and p < 0.01
levels, respectively.

Effect on strength
In the ES group, the isokinetic strength significantly increased
(Fig. 1) at week 4 under eccentric conditions (+ 29 % at –
120 × s–1, p < 0.05; + 37 % at – 60 8 × s–1, p < 0.01) and under concentric conditions at high velocities (+ 43% at 360 8 × s–1,
p < 0.01; + 36%, + 30%, and + 32% at 300, 240, and 180 8 × s–1,
respectively, p < 0.05). EMS training did not cause a significant
increase of the isokinetic strength at low concentric velocities
(+ 15 % at 60 and 120 8 × s–1). Post hoc analysis indicated that
isometric strength increased significantly only at the two angles adjacent to the training angle (Fig. 2), i.e. 55 8 (p < 0.01)
and 65 8 (p < 0.01). However, ANOVA on the absolute and percent increases showed no difference across joint angles. In
group C, no change in isokinetic or isometric strength was observed after the first 4-week period. At week 8, strength values
remained similar to those observed at week 4, for both groups.
For the whole group of subjects no significant correlation coefficients were found between the strength measurements
and the vertical jump performances before or after training.
However, after 4 weeks of EMS training variations in isometric
strength measured at 65 8 and the variations of the SJ perform-

ances were significantly related (r = 0.65, p < 0.05) for the ES
group (Fig. 3).

Effect on vertical jump performance
In the ES group, SJ performance increased significantly
(p < 0.01) by 14 % after the 4-week EMS training program,
whereas CMJ remained unchanged (Table 2). In the C group,
no change in vertical jump performance was observed at week
4.
SJ performance at week 8 was not significantly different from
that at week 4 for either group. In contrast, in the ES group,
CMJ performance increased significantly (p < 0.01) by 17 %
(Table 2) at week 8. No significant differences were observed
for group C.
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Table 2 Squat jump and counter movement jump performances
(Mean values ± SD) for the electrostimulated and control group
ES
SJ (cm)

CMJ (cm)

Control

Before

44.8 ± 1.0

44.1 ± 1.8

Week 4

51.0 ± 1.3**

46.1 ± 1.8

Week 8

53.0 ± 2.0**

44.9 ± 0.9

Before

53.0 ± 1.3

51.0 ± 1.3

Week 4

52.8 ± 1.1

52.5 ± 1.6

Week 8

62.2 ± 1.2**

51.9 ± 1.1

** indicate significant difference from values before training (p < 0.01)

Discussion
The main findings of the study indicated that a 4-week electromyostimulation training program in addition to a standardized basketball training: 1) increased strength of the knee extensors under eccentric, concentric, and isometric conditions;
2) the isokinetic strength increased significantly under eccentric and concentric conditions at high velocities but not under
concentric conditions at low velocities; 3) the isometric
strength increased significantly only at the two angles adjacent to the training angle; 4) the squat jump performance increased by 14 %.
The data also indicated that following a 4-week EMS training
program, 4 weeks of standardized basketball training: 1)
maintained the gain in isokinetic, isometric strength and SJ
performance produced by the electromyostimulation training
program; 2) enhanced CMJ performance by 17 %.
Fig. 2 Torque/Angle relationship of knee extensors on Electrostimulated (upper graph) and Control group (lower graph). Values are
means ± SE. In ES group, ** indicate that the values at week 4 and/
or at week 8 were significantly higher than pre-training values
(p < 0.01).

Fig. 3 Relationship between the variations in SJ performance and
the gain in isometric torque (at 65 8) at week 4, for the ES group
(p < 0.05).

Effects of the EMS training program
This program led to improvement of eccentric, concentric, isometric, and SJ performances. It suggests that EMS may be a
useful way of developing muscular strength and vertical jumping ability without SSC in a group of basketball players. These
findings are consistent with previous reports confirming that
brief periods of electromyostimulation have beneficial effects
on muscle strength [30, 37].
It is now generally accepted that neural adaptations predominate in short-term strength training [39] and EMS training
[7,14, 30]. In our study, after EMS training program isokinetic
strength increased significantly under eccentric and high concentric velocities, whereas no significant difference was observed at low concentric velocities. This could partly be
accounted for by preferential neural adaptation of the fast
twitch units induced by electrical stimulation. Indeed, type
llb fibers are preferentially recruited during eccentric contractions [15, 34] and increasingly recruited at high concentric velocities [9,16, 47]. Moreover, during EMS motor units are
activated in an order different to those predicted by Henneman’s size principle [24]. During voluntary actions, the smallest motoneurons (supplying type I fibres) are activated first
[33], whereas during electromyostimulation the largest motoneurons (innervating type II fibres) are activated first and to a
greater extent [14]. The order of motor unit activation during
EMS has been shown to depend on at least three factors. The
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first is the diameter of the motor axon. In voluntary actions,
the motor units are activated by the synaptic current invading
the motoneuron. As a consequence, the slow motor units (high
input resistance), which need only a small depolarizing current, are activated more easily than larger motor units (low input resistance). In contrast, during electrical stimulation the
current is applied extracellularly to the nerve endings, and
large motoneurons, which have a low threshold of excitability,
are activated more rapidly [21, 42]. The second factor is the distance between the axon and the active electrode. As confirmed
by Lexell et al. [29], the largest motor units are often located on
the muscle surface, and the distance between the motor units
and the electrode is small. A third possible factor could be the
activation of sensory receptors and cutaneous afferent impulses. Their input during EMS could change the order of recruitment [17, 26]. To determine which parameters of electrical
stimulation produce the best results, it is important to know
the maximum level of evoked force that the subject is capable
of actively producing. From previous studies [11, 30, 32, 37] it
appears that the maximum force is elicited at frequencies between 80 – 100 Hz, delivered as short pulses to reduce pain and
unpleasant sensations [41].
Under isometric conditions, although absolute and percent increases were not significantly different across joint angles,
post hoc analysis on maximal torques showed significant increases only at 55 8 and 65 8, which indicates a close connection
between the training position and the gain in strength. This is
in line with previous reports suggesting that the increase in
strength after voluntary isometric training [27, 45] and EMS
training [30, 38] is angle specific. This angle specificity of isometric training has been attributed to some form of neural
adaptation, with a greater increase in motor unit activation at
the trained joint angles [45] and no increase in evoked contraction strength [27]. It has also been suggested that in the
quadriceps femoris muscle average firing rates of motor units
(rate coding) showed little change until 30 % MVC [8]. Above
that level of force mean motor unit firing rates progressively
increased suggesting a quadratic relationship. In the case of
EMS training, neural adaptations could be more likely related
to an increased rate coding at the training angle. Even though
no EMG or cross-sectional area measurements were performed in our study, we are justified in assuming that EMS
training program had produced nervous adaptations rather
than muscular hypertrophy. Whatever the underlying mechanism related to strength gain, EMS appears to be an effective
stimulus in developing maximal strength.
In basketball a significant increase in the maximal strength
may also be important for explosive strength development.
This was confirmed by the significant correlation obtained between changes in SJ height and increases in isometric quadriceps strength at a knee angle of 65 8, for the ES group. Squat
jump performance increased by 14 %, showing that the EMS
training method can be used to enhance the contractile qualities of muscle under isometric and dynamic conditions [30].
Although Bosco and Komi [41] reported that fast twitch fibers
contribute to the performance in squat jump and counter
movement jump, in our study we found no correlations between absolute or percent increase in jumping ability and increase in concentric torque at high angular velocity. However,
van Ingen Schenau et al. [48] suggested that subjects having a
high percentage of slow twitch fibres better benefit from a
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counter movement. In our opinion, and according to Goubel
[19], the influence of fiber type is more complex in functional
tasks such as jumping. Recent investigations have reported
low correlations between the isokinetic strength measurements and the functional tests [20, 36]. Furthermore, some authors have focused on the relationship between open (OKC)
and closed kinetic chain (CKC) strength on knee extensor muscles and jumping performance [2, 3]. They concluded that CKC
muscular strength is more highly related to jumping performance than OKC strength. Augustsson et al. [2] focused on 6weeks CKC (barbell squat) and OKC (knee extension and hip
adduction) training. They showed that the subjects trained by
squat exercise improved by 10 % vertical jump performance
while no changes were seen for the OKC group. In our study,
EMS training and strength testing were performed solely in
open kinetic chain. This could partially explain the lack of correlations between isokinetic and jumping measurements.

Effects of the standardized basketball training
The 4-week period of standardized basketball training maintained the gain in isokinetic, isometric strength and SJ performance achieved by the EMG training program. The same
program was also followed for the 8 weeks by the control
group with no gain in strength or vertical jump performance.
It can therefore be concluded that standardized basketball
training maintained muscle aptitude. However, it is not specific enough to develop muscle strength and vertical jump aptitude, which confirms the findings of Amiridis et al. [1]. Specific
training programs such as weight training or EMS training
must be recommended to basketball players to develop their
strength.
After 4 weeks of electromyostimulation, CMJ performance was
not improved, but an improvement was found after 8 weeks.
During CMJ, the muscles are first stretched while active. As a
result of this muscular lengthening, potential energy is stored
in the series elastic component (SEC) and then released during
subsequent shortening [5, 6]. The present findings suggest that
improvements in the strength of muscles involved in performing complex movements using elastic energy, such as CMJ, require a longer period of specific training before beneficial effects are observed in jumping performance. As a general rule,
EMS training is not specific to develop elastic behaviour of
skeletal muscle. The values for the jumping performance
among the present basketball players were much higher than
those recorded for Finnish players in the Häkkinen study [22].
The diversity in testing apparatus could partially explain these
differences.
In our study, the EMS training was basically a form of isometric
strength training. Since there are some practical limitations to
subjecting athletes to this type of training, it could be interesting to know if voluntary isometric training would have produced similar results among our subjects. Many investigators
have compared submaximal EMS with voluntary contractions
of similar intensity and duration in healthy muscles (for a review, see [21]). Indeed, the observed gains in strength induced
by isometric EMS training could be as large as but not greater
than those induced by voluntary isometric exercise. Therefore,
we suggest that the number and the type of trained motor
units may be different in these two procedures [13]. However,
the relative contribution of the two procedures remains to be
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confirmed for elite athletes engaged in competitive sport practice.
As a practical recommendation for basketball players it is suggested that EMS training could be used over the season in two
ways. Firstly, it enhances strength and vertical jump performance without interfering with basketball training. This suggests that electromyostimulation could find its place early in
the season. Secondly, players’ abilities can subsequently be
maintained at a high level throughout the season by means of
basketball training only.
To summarize, this study demonstrated that an increase in the
eccentric, isometric, and concentric strength of the knee extensors and vertical jump performance without SSC can be
achieved in a relatively short period after a 4-week EMS training program. The gain in knee extensor strength subsequently
enhanced CMJ performance, but only after a further 4 weeks of
standardized basketball training.

Acknowledgements
The authors would like to thank Paul Stapley, PhD, for assistance in the preparation of the manuscript.

References
1

Amiridis IG, Cometti G, Morlon B, Van Hoecke J. Concentric and/
or eccentric training-induced alterations in shoulder flexor and
extensor strength. J Orthop Sports Phys Ther 1997; 25: 26 – 33
2
Augustsson J, Esko A, Thomee R, Svantensson U. Weight training
of the thigh muscles using closed vs open kinetic chain exercises:
a comparison of performance enhancement. J Orthop Sports Phys
Ther 1998; 27: 3 – 8
3
Blackburn JR, Morrissey MC. The relationship between open and
closed kinetic chain strength of the lower limb and jumping performance. J Orthop Sports Phys Ther 1998; 27: 430 – 435
4
Bosco C, Komi PV. Mechanical characteristics and fiber composition of human leg extensor muscles. Eur J Appl Physiol 1979; 41:
275 – 284
5
Bosco C, Tarkka I, Komi P. The effect of elastic energy and myoelectrical potentiation of triceps surae during stretch-shortening
cycle exercise. Int J Sport Med 1982; 3: 137 – 140
6
Cavagna GA. Storage and utilisation of elastic energy in skeletal
muscle. Exerc Sport Sci Rev 1977; 5: 89 – 129
7
Colson S, Martin A, Van Hoecke J. Re-examination of training effects by electrostimulation in the human elbow musculoskeletal
system. Int J Sports Med 2000; 21: 281 – 288
8
Conwit RA, Stashuk D, Tracy B, McHugh M, Brown WF, Metter EJ.
The relationship of motor unit size, firing rate and force. Clin Neurophysiol 1999; 110: 1270 – 1275
9
Coyle EF, Feiring DC, Rotkis TC, Cote RW III, Roby FB, Lee W, Wilmore JH. Specificity of power improvements through slow and
fast isokinetic training. J Appl Physiol 1981; 51: 1437 – 1442
10
Currier DP, Mann R. Muscular strength development by electrical
stimulation in healthy individuals. Phys Ther 1983; 63: 915 – 921
11
Davies CTM, Dooley P, McDonagh MJN, White MJ. Adaptation of
mechanical properties of muscle to high force training in man. J
Physiol 1985; 365: 277 – 284
12
Delitto A, Brown M, Strube MJ, Rose SJ, Lehman RC. Electrical
stimulation of quadriceps femoris in an elite weight lifter: a single subject experiment. Int J Sports Med 1989; 10: 187 – 191
13
Duchateau J, Hainaut K. Training effects of electrostimulation in
human muscle. Med Sci Sports Exerc 1988; 20: 99 – 104

Maffiuletti NA et al
14

Enoka RM. Muscle strength and its development: new perspective. Sports Med 1988; 6: 146 – 148
15
Friden J. Changes in human skeletal muscle induced by long-term
eccentric exercise. Cell Tissue Res 1984; 236: 365 – 372
16
Froese EA, Houston ME. Torque-velocity characteristics and muscle fiber type in human vastus lateralis. J Appl Physiol 1985; 59:
309 – 314
17
Garnett R, Stephens JA. Changes in the recruitment threshold of
motor units produced by cutaneous stimulation in man. J Physiol
1981; 311: 463 – 473
18
Gillam G. Identification of anthropometric and physiological
characteristics relative to participation in college basketball.
Nation Strength Condit J 1985; 7: 34 – 36
19
Goubel F. Series elasticity behaviour during the stretch-shortening cycle. J Appl Biomech 1997; 13: 439 – 443
20
Greenberger HB, Paterno MV. Relationship of the knee extensor
strength and hopping test performance in the assessment of lower extremity function. J Orthop Sports Phys Ther 1995; 22: 202 –
206
21
Hainaut K, Duchateau J. Neuromuscular electrical stimulation
and voluntary exercise. Sports Med 1992; 14: 100 – 113
22
Häkkinen K. Force production characteristics of leg extensor,
trunk flexor and extensor muscles in male and female basketball
players. J Sports Med Phys Fitness 1991; 31: 325 – 331
23
Häkkinen K. Changes in physical fitness profile in female basketball players during the competitive season including explosive
type strength training. J Sports Med Phys Fitness 1993; 33: 19 –
26
24
Heyters M, Carpentier A, Duchateau J, Hainaut K. Twitch analysis
as an approach to motor unit activation during electrical stimulation. Can J Appl Physiol 1994; 19: 456 – 467
25
Hubley CL, Wells RP. A work energy approach to determine individual joint contributions to vertical jump performance. Eur J
Appl Physiol 1983; 50: 247 – 254
26
Kanda K, Desmedt JE. Cutaneous facilitation of large motor units
and motor control of human precision grip. In: Desmedt JE (ed).
Motor Control Mechanisms in Health and Disease. New York: Raven Press, 1983: 253 – 261
27
Kitai TA, Sale DG. Specificity of joint angle in isometric training.
Eur J Appl Physiol 1989; 58: 744 – 748
28
Laughman RK, Youdas JW, Garret TR, Chao EYS. Strength changes
in the normal quadriceps femoris muscle as a result of electrical
stimulation. Phys Ther 1983; 63: 494 – 499
29
Lexell J, Henriksson-Larsen K, Sjöstrom M. Distribution of different fibre types in human skeletal muscles. A study of cross-sections of whole m. vastus lateralis. Acta Physiol Scand 1983; 117:
115 – 122
30
Martin L, Cometti G, Pousson M, Morlon B. Effects of electrical
stimulation on the contractile characteristics of the triceps surae
muscle. Eur J Appl Physiol 1993; 67: 457 – 461
31
McInnes SE, Carlson JS, Jones CJ, McKenna MJ. The physiological
load imposed on basketball players during competitions. J Sports
Sci 1995; 13: 387 – 397
32
Miller S, Mirka A, Maxfield M. Rate of tension development in isometric contractions of human hand muscle. Exp Neurol 1981; 73:
267 – 285
33
Milner-Brown HS, Stein RB, Yemm R. The orderly recruitment of
human motor units during voluntary isometric contractions. J
Physiol 1973; 230: 350 – 370
34
Nardone A, Schieppati M. Shift of activity from slow and fast
muscle during voluntary lengthening contractions of the triceps
surae muscles in humans. J Physiol (Lond) 1988; 395: 363 – 381
35
Nobbs LA, Rhodes EC. The effect of electrical stimulation and isokinetic exercise on muscular power of the quadriceps femoris. J
Orthop Sports Ther 1986; 8: 260 – 268

Electromyostimulation in Basketball
36

Osterberg A, Roos E, Ekdahl C, Roos H. Isokinetic knee extensor
strength and functional performance in healthy female soccer
players. Scand J Med Sci Sports 1998; 8: 257 – 264
37
Pichon F, Chatard JC, Martin A, Cometti G. Electrical stimulation
and swimming performance. Med Sci Sports Exerc 1995; 27:
1671 – 1676
38
Rajtsin LM. The effectiveness of isometric and electrostimulated
training on muscle strength at different joint angles. Theory Prac
Phys Cult 1974; 12: 33 – 35. Translated in: Yessis Rev Soviet Phys
Educ Sport 1974; 12; 11: 35 – 39
39
Sale DG. Neural adaptation to resistance training. Med Sci Sports
Exerc 1988; 20: S135 – S145
40
Selkowitz DM. Improvement in isometric strength of the quadriceps femoris muscle after training with electrical stimulation.
Phys Ther 1985; 65: 186 – 196
41
Siff M. Applications of electrostimulation in physical conditioning: a review. J Appl Sport Sci Res 1990; 4: 20 – 26
42
Solomonow M. External control of the neuromuscular system.
IEEE Trans Biomed Eng 1984; 31: 752 – 763
43
Stefanovska A, Vodovnik L. Change in muscle force following
electrical stimulation. Scand J Rehab Med 1985; 17: 141 – 146
44
Taylor NA, Sanders RH, Howick EI, Stanley SN. Static and dynamic
assessment of the Biodex dynamometer. Eur J Appl Physiol 1991;
62: 180 – 188
45
Thépaut-Mathieu C, Van Hoecke J, Maton B. Myoelectrical and
mechanical changes linked to length specificity during isometric
training. J Appl Physiol 1988; 64: 1500 – 1505
46
Thériault R, Boulay MR, Thériault G, Simoneau JA. Electrical stimulation-induced changes in performance and fiber type proportion of human knee extensor muscles. Eur J Appl Physiol 1996;
74: 311 – 317
47
Thorstensson AG, Grimby G, Karlsson J. Force velocity relations
and fiber composition in human knee extensor muscle. J Appl
Physiol 1976; 40: 12 – 16
48
van Ingen Schenau GJ, Bobbert MF, de Haan A. Does elastic energy
enhance work and efficiency in the stretch-shortening cycle? J
Appl Biomech 1997; 13: 389 – 415
49
Wolf SL, Ariel GB, Saar D, Penny MA, Railey P. The effect of muscle
stimulation during resistive training on performance parameters.
Am J Sports Med 1986; 14: 18 – 23

Int J Sports Med 2000; 21

Corresponding Author:
Nicola A. Maffiuletti
Groupe Analyse du Mouvement
UFR-STAPS
Université de Bourgogne
BP 27877
21078 Dijon Cedex
France
Phone:
Fax:
E-mail:

+ 33 (380) 396762
+ 33 (380) 396702
Nicola.Maffiuletti@u-bourgogne.fr

443

