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Abstract— The coordination between lower limb segments and power output developed during Squat Jumps in different load
conditions was analyzed in ten trained male subjects (age 22.5+2.1 years; body height 176.5 £5.4 cm; body mass 75.8 £5.8; BMI
24.3+ 1.8). We used a functional electromechanical dynamometer to control added load, 0% to 30% of body weight during the
push-off phase. Significant differences between load conditions were evaluated by one-way repeated-measures ANOVA, p <0.05,
for jump height, maximum vertical force, maximum vertical speed, and maximum angular speeds of the hip, knee and ankle.
Pearson correlation coefficients were calculated to examine the relationships between jump height and the other variables. Angular
velocities that presented significant differences between conditions were considered to analyze coordination through the graphs of
the angular speed average values per condition during push-off phase. Power output decreased with the load and showed higher
correlation with jump height at 30% load. This indicates that power training with SJ must be carried out without load, but to
evaluate the power through the SJ height, a load of at least 30% should be used. Maximum articular velocities of hip and knee
changed with increasing load and were correlated with height at 30% load. The final values and slope at the beginning of the push-
off phase of relationship between hip and knee speed, indicate different coordination for 0% and load conditions and suggest a
greater transfer from rotational to vertical speed in jumps without added load.

Keywords— Vertical jump, human coordination, performance evaluation.

Resumen— Se analiz6 la coordinacion entre los segmentos de las extremidades inferiores y la potencia durante Squat Jumps en
diferentes condiciones de carga en diez sujetos varones entrenados (edad 22.5 + 2.1 afios; altura corporal 176.5 + 5.4 cm; masa
corporal 75.8 +5.8; IMC 24.3 + 1.8). Utilizamos un dinamémetro electromecéanico funcional para controlar la carga del 0% al 30%
del peso corporal durante la fase de empuje. Las diferencias entre las condiciones se evaluaron mediante ANOVA de medidas
repetidas de una via, p <0.05, para altura de salto, fuerza vertical maxima, velocidad vertical maxima y velocidades angulares
méximas de cadera, rodilla y tobillo. Se calcularon los coeficientes de correlacion de Pearson para examinar las relaciones entre
altura del salto y las otras variables. Las velocidades angulares que presentaron diferencias se consideraron para analizar la
coordinacion mediante los graficos de promedios durante la fase de empuje. La potencia disminuy6 con la carga y tuvo mayor
correlacion con la altura en 30%. Esto indica que el entrenamiento de potencia con SJ debe realizarse sin carga, pero para evaluar
potencia con la altura se debe utilizar una carga de al menos 30%. Las velocidades articulares maximas de cadera y rodilla
cambiaron con la carga y se correlacionaron con la altura en 30%. Los valores finales y la pendiente inicial de la relacién entre
velocidad de caderay rodilla, indican una coordinacion diferente con y sin carga y sugieren una mayor transferencia de velocidades
rotacionales a vertical en saltos sin carga adicional.

Palabras clave— Saltos verticales, coordinacion en humanos, evaluacion de rendimiento.

I. INTRODUCTION way to generate such linear velocity is giving the body
segments an angular velocity [16, 17]. In addition, the
performance of a squat jump (SJ) is strictly bound to some
qualities of the muscular-skeletal system that the jumper
must optimally exploit to reach a maximum flight height
[18]. Jump height is thus influenced by the coordination of
the jumper’s segments during the push-off phase [16, 17].
The coordination pattern in SJ can be assessed by image
analysis of the angular actions of the hip, knee and ankle in
the sagittal plane [6, 7, 17]. When humans perform
maximum height SJ, their segmental rotations contribute in

he development of high-power values through the

action of the neuromuscular system is considered a

primary objective to improve performance in various
sports practices [1, 2, 3]. This capacity is usually estimated
indirectly by the height reached in vertical jumps [4, 5, 6, 7,
8, 9, 10, 11, 12, 13]. However, the relevance of power as a
variable associated with jump height has been discussed. The
latter depends on the mechanical impulse [14, 15] given that
the linear velocity of the center of mass (CoM) in take-off is
the variable of primary importance. Furthermore, the only
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a proximodistal sequence to the vertical velocity of CoM
[17]. This sequence prevents a take-off position in which the
muscles have not been able to produce work over their full
shortening range, ensures a balanced contribution of
segmental angular velocities to the vertical velocity of CoM,
and helps maximize the efficacy of the work produced [17].
Other movement patterns have been reported in SJ during
push-off when strength capacity and muscle coordination are
altered [19]. A situation of interest in sports in which these
alterations can occur is in jumps with added load [20, 21].

The studies of vertical jumps with added load allow to
evaluate changes in the force-velocity and power-velocity
curves and, therefore, contribute to a better understanding of
the relationships between the action of the neuromuscular
system and the mechanical properties and functional
performance on sports [22, 23, 24, 25, 26]. External load
inevitably affects the kinematic pattern and the overall
efficiency of the muscular system [1, 23]. For example, the
evidence suggests that the addition of loads of about 30% of
body weight causes drastic changes in the jump pattern [10].
One of the most important limitations in loaded vertical jump
studies is strict load control. The most interesting option that
has been used to achieve it is to add a load that mimics the
weight added on the CoM, but not the inertia [9, 20]. Since
this was done using tensioned elastic bands, the authors
indicate that they were only able to keep the load
approximately constant during the thrust and that the effect
is maintained when the subject is in the air. By using a new
multi-joint Isokinetic Dynamometer [27], which allows
controlling the loads in different free movements [28, 29], it
is possible to add a constant load only during the push-off
phase.

There is an increasing use of loaded vertical jumps in
training and insufficient discussion regarding the effect of
coordination on jump height, which is considered a reflection
of power. In this work, we present an analysis of the
mechanical power output and segmental coordination during
push-off in SJ with different loads controlled by a dynamic
dynamometer. Based on previous studies, we hypothesized
that the power output decreases with the load and it is not a
fundamental variable for the resulting height. Meanwhile,
there are changes in the coordination pattern assessed
through angular actions of lower limbs in the sagittal plane
that can explain height changes in loaded SJ.

Il. METHODS

A. Subjects

The sample size for this work was estimated based on data
reported in previous studies [10, 30], and on Cohen’s
guidelines [31], with an alpha level of 0.05 and power level
of 0.8. Ten trained male subjects (age 22.5+2.1 years; body
height 176.5 +5.4 cm; body mass 75.8 +5.8; BMI 24.3+ 1.8)
were selected on the basis of their sport experience as
athletes in handball and soccer. All the subjects had at least
two years of previous strength and power training, more than
five years of sports experience and a training frequency of at
least three times a week and athletic proficiency. None of the
subjects had any illnesses or injuries that would affect the
test results. Before testing, all subjects were informed of the
study procedures and were required to sign an informed
consent. The study was conducted following the
requirements stipulated in the Declaration of Helsinki. The
protocol and informed consent received approval from the

JForce plate —
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Fig. 1: Schematic representation of the pulley system used to produce
constant positive vertical load with DEMF during the performance of SJ.

corresponding University Ethics Committee (approval
number 772).

B. Study design

To address our study purpose, we recorded vertical force
during push-off in SJ on a piezo-electric triaxial force plate
with dimensions of 50cm x 60cm (Kistler Instruments,
Hampshire, UK; sampling frequency 200 Hz). The
movement during the push-off phase was reconstructed from
the records of 45 markers [32], obtained with a three-
dimensional photogrammetric system (Qualisys Inc.,
Gothenburg, Sweden), based on 8 high-speed infrared
cameras (250 fps) with high resolution (3 MP). The study
was carried out in four load conditions: 0%, 10%, 20% and
30% of the body weight of each participant. This control was
carried out wusing a functional electromechanical
dynamometer (DEMF) (Dynasystem® Model
DynaBlackbox) in tonic mode [28, 29]. The dynamometer
pulled on each side of a climbing harness belt placed at the
subject’s waist through a low-friction pulley system similar
to previous studies (Fig. 1).

Changes in the load were controlled directly using the
force plate through the record of the vertical component of
force before the start of each jump. To determine the load
order, we proposed a design of counterbalanced measures,
trying to keep the number of subjects within the
experimentally manageable. Therefore, the 0% load
condition was fixed at the beginning or end of each jump
sequence. The rest time between each jump within each
condition was 2 minutes, and a 5-minute break was taken
between each load condition. During the capture, fatigue was
controlled with the Borg scale.

C. Procedures

Prior to the commencement of testing, participants
performed a  15-minute  standardized  warm-up.
Subsequently, the subjects performed five jumps in each load
condition (0%, 10%, 20% and 30% of body weight). Before
each jump, the participants were weighed for approximately
four seconds in an upright standing position with the added
load. Then, they stood with a knee flexion angle of
approximately 90°. After maintaining the initial position of
the SJ [4] for 3 seconds, which was controlled with a manual
goniometer, they were instructed to jump as high as possible
without performing any countermovement. The hands
remained at the waist throughout the movement.
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Vertical force component values and trajectories of the
markers were exported to MATLAB R2017a ® (Mathworks,
Inc.) to perform the determination of variables. Jump height
(h), vertical force maximum values (Fm), center of mass
speed (Vm) and power output (Pm) were determined from
force records. From the 3D reconstruction values, the
maximum angular velocities in the sagittal plane of the hip
(VmH), knee (VmK) and ankle (VmA) were determined.
Angular velocities that presented significant differences
when comparing loads were considered to analyze the
coordination in different load conditions. For this part of the
study, we considered that two premises must occur for a
good SJ: a distal proximal sequence with the lower limb
joints, and a balanced contribution of segmental angular
velocities to the vertical velocity of CoM to maximize the
efficacy of the muscular work produced [17]. Based on this,
a descriptive analysis of the variation of the hip and knee
speed was performed. The values during the push-off phase
were normalized in time and discretized with 50 points for
each jump analyzed. Then, the values of each point were
averaged by condition.

D. Statistical analyses.

To assess reliability, we calculated the coefficient of
variation (CV%) with the five measurements of h, Fm and
Vm obtained for each subject and intraclass correlation
coefficients (ICC) for each load situation. Once reliability
was confirmed we only considered the highest jump for
subsequent analyzes. Data are presented as mean and
standard deviations (SD). Data distribution was checked

TABLE Il
CORRELATION OF THE VARIABLES WITH THE JUMP EIGHT.

using the Shapiro—Wilk’s normality test. The significant
differences between load conditions were tested by one-way
repeated-measures ANOVA, the alpha level was set at
p<0.05 for all analyses. Pearson correlation coefficients were
calculated to examine the relationships between h and the
other variables considered. All statistical analyses were
conducted usingthe software SPSS (22.0, IBM Corporation,
NY, USA).

Il. RESULTS

The CV% and ICC for all the variables considered in this
study were always less than 0.1 and 0.8, respectively. The
results of the Shapiro-Wilk's normality test allowed to
assume normality for all the variables. Table I shows the
maximum values of the variables considered in each load

0% 10% 20% 30%
h (m)* 0.27 0.25 0.20 0.18
(0.05) (0.04) (0.04) (0.05)
. 15586 14779 12434 11361
Pm (W) 2487)  (2383)  (2575)  (3347)
Fm (N 891.3 880.2 847.4 7845
(1219)  (952)  (1446)  (147.9)
vm(ms)*  23(02) 23002 21(02) 2.1(0.3)
VmHEs?) 5218 4802 459.6 460.9
x (356)  (4545)  (49.5) (39.7)
567.1 564.8 554.7 548.5
0 oly*
VMK (%) (54.2) 628  (55.13)  (545)
. 315.9 358.3 349.3 347.4
VMACS) (415 (139.6)  (1443)  (1436)

Vel Hip-Knee

Vel Hip(*/s)

Fig. 2: Average values of the relationship between hip and knee speed
during the push-off phase for each condition. Each relationship was
obtained by averaging point by point the data obtained from the
normalized curves of the ten subiects analvzed.
condition. Table 11 presents the results of correlations of the
each variable in each condition with jump height. In both
tables the asterisks indicate significant differences. Figure 2
shows the relationships between hip and knee speed changes
during the push-off phase for each condition.

TABLE |
MAXIMUM VALUES OF THE VARIABLES ANALYZED AND
RESULTS OF COMPARISON BETWEEN THE DIFFERENT LOAD
CONDITIONS.

0% 10% 20% 30%
Pm (W) 0.76* 0.84* 0.78* 0.90*
Fm (N)* 0.26 0.06 0.37 0.65*
Vm (m.s1)* 0.99* 0.99* 0.99* 0.99*
VmH (2.5-1) * 0.17 0.26 0.28 0.72*
VmK(2.s1)* 0.12 0.18 0.24 0.80*
VmA (2.51) 0.02 0.11 0.11 0.23

IVV. DISCUSSION

The present study was designed to analyze jointly the
coordination pattern of lower limbs and power output
developed during the push-off phase in SJ with different
dynamometer to perform strict control of added load in a
range of 0% to 30% of body weight. The load control
strategy used allows us to affirm that load was constant
throughout the push-off phase of the jump. This is a
fundamental difference with previous works done. The
relationships analyzed in this study could provide a
simplified approach of analyzing both the design and
function of the human muscular system [9].

As expected, the jump height decreased significantly as the
load increased. This decrease was accompanied by a
decrease in force and a decrease in maximum speed since the
height in the jump directly depends on the take-off speed [13,
17]. It is necessary to clarify that this work did not consider
the absolute force but the effective force, this is, the useful
force on the CoM movement. Although force and speed do
not peak simultaneously during the push-off phase, they are
the parameters commonly used for power evaluation in
jumps [33]. The maximum power output does not coincide
in time with either of the two peaks (force or speed) but
corresponds to the moment when their product is maximized,
and decreases with the load. However, the power output
shows a higher correlation with the jump height only with
30% load. This, we believe, is of interest to coaches and
athletes because it suggests that power training should be
done without load. On the other hand, if power is evaluated
through height, there is a greater correspondence when jump
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is made with a high percentage of added load. The
relationship between power output and height in vertical
jumps has been previously discussed [14, 15], and
performance is considered to depend on the mechanical
impulse, that is, on the speed that the subject can develop
rather than power. In accordance with the latter, a high
correlation of speed and height was observed in all load
conditions. According to our results, it only makes sense to
consider the height as a reflection of the power output when
the SJ is performed with a 30% added load. The explanation
for this is that the force developed becomes important in
addition to speed.

In relation to the coordination of the jumper’s segments
during push-off phase, the results of the hip and knee angular
velocity peaks showed significant decreases with load. No
statistically significant differences were observed for ankle
action based on this parameter. Previous works have
discussed the importance of the action of a light segment
distal to head-arms-trunk set [17]. We could say that the
contribution of foot movement at the end of kinematic chain
does not change with load or that load does not significantly
affect the action of muscles responsible for this action.
However, the correlation results indicate that values of
maximum articular velocities in sagittal plane are not
important when considered in isolation for jump
performance, except with a 30% load. For a joint analysis of
the kinematic chain coordination, we considered only
angular values of the hip and knee, since these presented

significant differences when comparing loads. A first
visual analysis of the curves of angular values of hip and
knee during push-off phase, normalized in time and
discretized, suggests a difference in joint action with and
without load.

The more pronounced increase in the curve in 0% load
condition at the beginning of the push-off phase, indicates a
predominance of hip action over knee action in that situation.
This is consistent with previously found results where it is
established that, in a good jump, the push-off is initiated by
activation of the hip extensor muscles [34]. The maximum
point reached can also be a descriptive parameter of the
coordination of interest obtained with this type of curves. In
this case, the highest value achieved is consistent with the
maximum angular velocity values reached in a 0% load
condition. The most important and novel finding of this
investigation is given by what the final values of the hip and
knee speed curves suggest. That point indicates what
happens with these two joints during take-off. This result is
important because in vertical jumps the shortening range of
muscles depends on the take-off position [17, 15]. According
to theoretical approximations, the proximodistal sequencein
muscle activation patterns and segmental rotations allows the
system to achieve a take-off position in which the joints are
as extended as possible, so that the monoarticular hip
extensors, knee extensors, and plantar flexors produce as
much work as possible [6, 7, 17]. However, there is a
geometric problem inherent to the transformation from
segment rotation to CoM translation. In theory, the transfer
of angular to vertical speed is maximum when a segment is
horizontal, but zero when the segment is vertical, that is
when the maximum extension is reached. The take-off at
higher hip and knee speeds with 0% load can be interpreted
as an intermediate situation in which there is a greater
transfer of rotational to vertical speeds (a greater component
of vertical speed), which favors the height reached.

V. CONCLUSIONS

The power output is not a height determining variable in
all load conditions. If high power values are sought, training
must be carried out without load. Nevertheless, to evaluate
the power through the SJ height, an additional load of at least
30% of body weight should be used.

Height differences in SJ could be explained by the
coordination of the joint action of the kinematic chain of
lower limbs. The final values and initial slope of the
relationship between hip and knee speed during push-off
suggests different coordination with and without load that
determine a greater or minor transfer of rotational to vertical
speeds.

ACKNOWLEDGMENT

The authors are grateful for the collaboration of the
management and staff of the Mixed Institute of Health and
Sport, Granada, Spain, where data collection for this research
was carried out.

REFERENCES

[1] D. M. Frost, J. Cronin and R. U. Newton. A biomechanical evaluation
of resistance: fundamental concepts for training and sports
performance. Sports Med, vol. 40, no. 4, pp. 303-326,2010.

[2] J. M. McBride, T. J. Kirby, T. L. Haines and J. Skinner. Relationship
between relative net vertical impulse and jump height in jJump squats
performed to various squat depths and with various load. Int J Sports
Physiol Perform, vol. 5, no. 4, pp. 484-496,2010.

[3] M. Russell, W. Sparkes, J. Northeast and L. A. Kilduff. Responses to
a 120 min reserve team soccer match: a case study focusing on the
demands of extra time. J Sports Sci, vol. 33, no. 20, pp. 2133-2139,
2015.

[4] C.Bosco. Lavaloracién de la fuerza con el test de Bosco. Barcelona:
Editorial Paidotribo, 1994.

[5] M. F. Bobbert. Why is countermovement jump height greater than
squat jump height? Med Sci Sports Exerc, vol. 28, no. 11, pp. 1402-
1412, 1996.

[6] A. L. Rodacki, N. E. Fowler and S. J. Bennett. Multi-segment
coordination: fatigue effects. Med Sci Sports Exer, vol. 33, no. 7, pp.
1157-1167, 2001.

[71 A. L, Rodacki, N. E. Fowler and S. J. Bennett SJ. Vertical jump
coordination: fatigue effects. Med Sci Sports Exerc, vol. 34, no. 1, pp.
105-116, 2002.

[8] M.F.Bobbertand L.J.R. Casius. Isthe effect of a countermovement
on jump height due to active state development? Med Sci Sports
Exerc, vol. 37, no. 3, pp. 440-445,2005.

[91 G. Markovic and S. Jaric. Is vertical jump height a body size-
independent measure of muscle power? J Sports Sci, vol. 25, no. 12,
pp. 1355-1363, 2007a.

[10] G. Markovic and S. Jaric. Positive and negative loading and
mechanical output in maximum vertical jumping. Med Sci Sports
Exerc, vol. 39, no.10, pp.1757-1764,2007b

[11] M. F. Bobbert and L. J. R. Casius. Spring-like leg behaviour,
musculoskeletal mechanics and control in  maximum and
submaximum height human hopping. Philos Trans R Soc Lond B Biol
Sci, vol. 366, no. 1570, pp.1516-1529, 2011.

[12] C. G. Fébrica, P. Gonzélez and J. Fagundes Loss. Acute fatigue
effects on ground reaction force of lower limbs during
countermovement jumps. Motriz, vol. 19, no. 4, pp. 737-745, 2013.

[13] D. Ferraro and C. G. Fabrica. Differences in the utilization of active
power in squat and countermovement jumps. Eur J Sport Sci, vol. 17,
no. 6, 673-680, 2017.

[14] E. M. Winter, G. Abt, F. B. C. Brookes, J. H. Challis, N. E. Fowler,
D. V. Knudson, et al. Misuse of “Power” and Other Mechanical
Terms in Sport and Exercise Science Research. J Strength Cond Res,
vol. 30, no.1, pp. 292-300, 2016.

[15] A. D. Ruddock and Winter EM. Jumping depends on impulse not
power. J Sports Sci, vol. 34, no. 6, pp. 584-585, 2016.

[16] J. M. Wakeling, O. M. Blake and H. K. Chan. Muscle coordination is
key to the power output and mechanical efficiency of limb
movements. J Exp Biol, vol. 213, no. 3, pp. 487-492, 2010.

[17] M. F. Bobbertand A. J. van Soest. Why do people jump the way they
do?. Exercise and Sport Sciences Reviews, vol. 29, no. 3, pp. 95-102,
2001.



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

REVISTA ARGENTINA DE BIOINGENIERIA, VOL. 24 (3), 2020

P. Fargier, R. Massarelli, T. Rabahi, A. Gemignani and E. Fargier.
Fast regulation of vertical squat jump during push off in skilled
jumpers. Front Physiol; 7, pp. 289, 2016.

M. Haguenauer, P. Legreneur and K. M. Monteil. Vertical jumping
reorganization with aging: a kinematic comparison between young
and elderly men. J.Appl. Biomech, vol. 21, pp. 236-246, 2005.

I. Cuk, M. Markovic, A. Nedeljkovic, D. Ugarkovic, M. Kukolj and
S. Jaric. Force-velocity relationship of leg extensors obtained from
loaded and unloaded vertical jumps. Eur J App Physiol, vol. 114, no.
8, pp. 1703-1714, 2014.

S. Djuric, I. Cuk, S. Sreckovic, D. Mirkov, A. Nedeljkovic, S. Jaric.
Selective effects of training against weight and inertia on muscle
mechanical properties. Int J Sports Physiol Perform, vol. 11, no. 7, pp.
927-932, 2016.

P. Cormie, R. Deane and J. M. McBride. 2007a. Methodological
concerns for determining power output in the jump squat. J Strength
Cond Res, vol. 21, pp. 424-430, 2007a.

P. Cormie, G. O. McCaulley and J. M. McBride. Power versus
strength-power jump squat training: Influence on the load-power
relationship. Med Sci Sports Exerc, vol. 39, pp. 996-1003, 2007b.

P. Cormie, G. O. McCaulley, N. T. Triplett and J. M. McBride.
Optimal loading for maximal power output during lower-body
resistance exercises. Med Sci Sports Exerc. vol. 39, pp. 340-349,
2007c.

H. R. Bevan, P. J. Bunce, N. J. Owen, M. A. Bennett, C. J. Cook, D.
J. Cunningham, R. U. Newton and L. P. Kilduff. 2010. Optimal
loading for the development of peak power output in professional
rugby players. J Strength Cond Res, vol. 24, no. 1, pp. 43-47, 2010.

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

44

P. Cormie, M. R. McGuigan and R. U. Newton. Developing maximal
neuromuscular power: part 1- biological basis of maximal power
production. Sports Med, vol. 41, no. 1, pp. 17-38, 2011.

Z. Dvir and S. Mdller. Multiple-Joint Isokinetic Dynamometry: A
Critical Review. J Strength Cond Res. to be published. 2019.

C. Chamorro, S. Armijo-Olivo, C. De la Fuente, J. Fuentes and L. J.
Chirosa. Absolute reliability and concurrent validity of hand held
dynamometry and isokinetic dynamometry in the hip, knee and ankle
joint: systematic review and meta-analysis. Open Med (Wars), vol.
12, pp. 359-375, 2017.

E. Cerda Vega, D. Jerez-Mayorga, R. Machado Payer, C. Campos
Jara, I. Guzman-Guzman, A. Reyes Ponce and L. J. Chirosa. Validity
and reliability of evaluating hip abductor strength using different
normalization methods in a functional electromechanical device.
PL0S One, vol. 13, no. 8, 0202248, 2018.

N. Pazin, B. Berjan, A. Nedeljkovic, G. Markovic, S. Jaric. Power
output in vertical jumps: Does optimum loading depend on activity
profiles? Eur J Appl Physiol, vol. 113, no. 3, pp. 577-589, 2013.

J. Cohen. Statistical power analysis for the behavioral sciences. 2nd
ed. New York: Lawrence Erlbaum Associates; 1988.

C. G. Fébrica, D. Jerez Mayorga, V. Silva Pereyra. Pendular energy
transduction in the different phases of gait cycle in post-stroke
subjects. Human Movement Science, vol. 66, pp. 521-528, 2019.

A. Garcia-Ramos, B. Feriche, A. Pérez-Castilla, P. Padial, S. Jaric.
Assessment of leg muscles mechanical capacities: Which jump,
loading, and variable type provide the most reliable outcomes? Eur J
Sport Sci, vol. 17, no. 6, pp. 690-698, 2017.

M. F. Bobbert and J.P. van Zandwijk. Dynamics of force and muscle
stimulation in human vertical jumping. Med. Sci. Sports Exerc, vol.
31, pp. 303-310, 1999.



