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Abstract

Vertical jumping ability is a critical skill for success in many sports.
Previous studies have reported conflicting results on the effects of heavy-
load, light-load, contrast, or plyometric training to improve vertical jump
height. A novel jump training method, using assistance via elastic cords or
an absolute weight, has received little attention. These studies, using an
overspeed paradigm, support assistance as an effective training method
compared with free or overload jump training. However, there is a lack
of investigation and standardization related to the critical assisted jump
training variables of frequency, intensity (assistance level), volume, and
rest. Therefore, the purpose of this review was to provide an overview
of assisted jump training, associated variables, and potential benefits to

enhance vertical jump height.

Introduction

Improving vertical jump continues to be of great interest
for sport scientists and practitioners as they continuously
strive to find effective training methods to increase verti-
cal jump with minimal risk of injury. Traditionally, training
methods have utilized an overload system of low-velocity
heavy-load training. In addition, contrast, plyometrics, or
combinations of these in a training program also have been
shown to positively influence vertical jump performance (1).
Plyometric jump training has been a popular practice that
primarily utilizes body weight as resistance and employs the
stretch-shortening cycle to increase vertical jump perform-
ance. However, an overspeed system utilizing an assisted
high-velocity light-load method recently has received renewed
interest (1,15-17,20,22,24). This emerging method recently
has reported improvements in vertical jump height (JH)
(1,16,20,22,24) by reducing body weight and assisting the
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jumper into the air. This form of train-
ing, termed “overspeed,” may increase
the athlete’s takeoff velocity (TOV), thus
leading to greater JH.

The overspeed concept has been ex-
amined extensively in sprinting (2,7-9,
18,19,21); however, it has not been re-
searched broadly in the vertical jump.
Overspeed is a means of assisting an
athlete to sprint faster or jump faster
than he or she can achieve under a body
weight condition. The underlying theory
is that an athlete can reduce his or her
body weight via an assisted device that
increases lower limb speed, resulting in
greater sprint speed or JH. This increased
velocity may occur in the absence of increased force pro-
duction (4) leading to greater lower limb power. The ability
to generate power is of great importance in athletic per-
formance (6,13) and often determines the outcome of a com-
petition. Depending on the demands of the sport, training
should replicate specific movement speeds to allow the body
to adapt in a sport-specific manner. Therefore, this type of
assisted training, which increases velocity, is contrasted with
traditional overload training that requires subjects to lift or
jump against a heavy load, thereby decreasing velocity (11).

Assisted sprint methods such as downhill sprinting (8,9),
treadmill sprinting (19), and towing via elastic cords (3,7)
or a vehicle (21) have been used in an effort to increase
sprint speed via stride rate and stride length. Previous stud-
ies have demonstrated that supramaximal sprinting (>100%)
via assisted devices improves sprint time (2,8,9,18,19,21).
Similar to assisted sprinting, the overspeed concept also may
be incorporated into a vertical jump training environment.
Borrowed from the concept of “tow training” for sprinters,
early pioneers such as Cavagna et al. (5) and Imachi et al.
(12) applied this innovative training method by utilizing
a pulley system to assist athletes to jump faster via elastic
cords suspended overhead. Recent studies also have utilized
elastic cords as a means of overspeed method in a vertical
direction and have demonstrated increases in vertical JH
(1,16,20,22,24). With limited research on assisted vertical
jumping, practitioners may question what levels of assis-
tance are optimal to develop greater lower limb velocity
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without altering jump mechanics. Similar to overspeed sprint-
ing, minimal assistance may result in none or limited adap-
tation, whereas excessive assistance may alter vertical jump
mechanics.

It is important to note that previous studies have not
standardized absolute or relative assistance levels or the
mechanical properties of the elastic cords. Therefore, it re-
mains unclear what are the optimal assistance levels and
how the modulus of elasticity of the different cords affect
vertical jump. To better understand how elastic cord assis-
tance affects jumping, further study is needed to investigate
standardization of the critical variables associated with this
type of method. The following overview seeks to provide in-
sight into this emerging method as well as stimulate future
research.

Concept of the Overspeed Method

Limb speed is an important sport component regardless
of the level of competition. Overspeed enables an athlete to
increase his or her limb velocity beyond his or her maximal
level (supramaximal), thus increasing power output. Pre-
vious overspeed sprinting studies (2,8,9,18) have demon-
strated various methods to optimize sprint performance and
have shown that the assisted sprint method maximizes sprint
speed via stride length or stride rate. Some have investigated
overspeed method via downbhill slopes to enhance sprint speed
(8,9,18). Ebben (8) measured downhill sprinting velocity and
acceleration in 44 male athletes as they ran down five slopes
ranging from 3.4° to 6.9°. They concluded that 5.8° was
the optimal slope as determined by decreased sprint time in
10- and 40-yd splits. In another study, Ebben ef al. (9) used
13 male athletes and found similar results. A downbhill slope
of 5.8° also was determined to be optimal for decreasing
sprint time when compared with the slower times at slopes
of 2.16°, 3.3°, 4.7°, and 6.9°. The increase in sprint time at
a slope of 6.9° may be due to the foot landing farther from
the center of mass, therefore creating a braking mechanism in
an attempt to prevent falling (9).

In a similar study, Paradisis and Cooke (18) investigated
sprint training on a customized 3° uphill-downhill platform.
After 6 wk of training, the downhill group demonstrated
increased sprint speed and stride rate. The combined uphill-
downbhill group also significantly decreased their sprint time
and increased their stride rate. They suggested that stride
rate and stride length should be considered when attempting
to maximize sprint speed. This is in agreement with Corn
and Knudson (7), who stated that sprint speed is a function
of stride rate and stride length; therefore, increasing sprint
speed may be accomplished via increases in either or both.
Use of the overspeed concept via downhill running may have
the greatest impact on stride rate.

Bartolini et al. (2) investigated sprint performance in col-
legiate women soccer players via elastic cord assistance to
determine an optimal assistance level. Their study utilized
10% to 40% body weight assistance and concluded that
30% elastic cord assistance was the optimal assistance level
for maximizing sprint time in distances up to 15 yd. They
also showed that in increments of 5 yd out to 20 yd, split
times decreased as body weight assistance increased to 30%.
Although their study did not investigate stride rate or stride
length, they demonstrated that elastic cord assistance can
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decrease sprint time. Collectively, these findings support the
overspeed concept as a means to enhance sprint speed. There-
fore, this horizontal overspeed concept also may be utilized
as an assisted methodology in a vertical environment to in-
crease TOV and JH.

Absolute Assistance for Overspeed

Absolute assistance utilizes a constant force across indi-
viduals to reduce their body weight during vertical jumping;
however, an absolute assistance level does not account for
individual subject differences. Therefore, it is necessary to
standardize assistance level as a critical variable in order to
establish individualized body weight reduction (BWR). For
example, in the traditional resistance training overload model,
the critical variables of frequency, intensity, volume, and rest
have been studied extensively as they relate to hypertro-
phy, strength, power, and muscular endurance. Prescribing
relative load percentages (intensity) of an individual’s one-
repetition maximum (1RM) when performing resistance
training is imperative to provide progressive overload contin-
uously, prevent overtraining, and increase maximal strength
and power. Differences between individuals such as age,
sex, or training status also affect training and overload pre-
scription. Therefore, prescribing an absolute load for an
entire group of people may not be optimal for each individual.
Similar to the resistance training overload model (% 1RM),
standardizing assistance levels for overspeed training based
on a criterion method is critical as it relates to intensity.

Historically, vertical jump studies have used resisted
(overload), assisted (BWR), or body weight (free) alone as
a measure of intensity to determine the transfer of train-
ing to free jumping. Previous absolute assistance BWR stud-
ies have demonstrated increases in velocity and JH (1,20).
Sheppard et al. (20) reported that assisted jump training
using an absolute assistance of 10 kg increased peak verti-
cal acceleration and velocity of free jumping for volleyball
players over a 5-wk period. They demonstrated that assis-
tance training resulted in approximately a 2.7- and 4.6-cm
improvement in the countermovement free vertical jump and
spike jump, respectively. In another study, Argus et al. (1)
investigated contrast training in addition to assisted, free,
and resisted jump training over a 4-wk period using an ab-
solute assistance force of 27% + 3% BWR. They reported
that assisted vertical jump training increased free JH by 6.7%
(£9.6%) compared with 1.3% (£9.2%) for free training. The
studies of Sheppard et al. (20) and Argus et al. (1) are in
agreement that assisted jump training with an absolute assis-
tance force seems to positively influence free JH in highly
trained athletes. However, although free JH increased, other
critical variables such as force, velocity, or power were not
reported by Argus et al. Therefore, it remains unclear which
free vertical jump parameters may be impacted via an abso-
lute assistance force.

Relative Assistance for Overspeed

Assisted jumping via elastic cords is a novel method used
for jump training, which reduces body weight using a cus-
tomized overhead pulley system (5,12,15,16,20,22) or cords
attached at both hips (1). With this method, individuals wear
a full-body harness that is secured around the shoulders and
pelvic area or wear a belt around their waist. With the pulley

Effects of Assisted Jumping

Copyright © 2012 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



system, one end of the elastic cord is attached to the harness
while the other end is attached overhead (Fig.). With the
waist belt system, cords are attached and pulled upward
and attached on both sides to a power rack (1). Relative
assistance is measured by having the individual stand com-
pletely still on a force plate to determine body weight. Once
body weight is obtained, the individual is assisted by reduc-
ing his or her body weight by a percentage (i.e., BWR). For
example, if the level of assistance is 30% and an individual
weighs 150 Ib, then he or she would be reduced by 45 Ib till
his or her weight was measured on the force plate as 105 Ib.

Reducing body weight via elastic cords assists the in-
dividual by increasing TOV (22). It also allows for the
intensity of training (BWR) to be prescribed carefully in a
relative and individualized manner. This method seems to
be an effective method of jump training compared with free
training alone to increase JH. However, as in all forms of
training, the outcome is largely dependent on the intensity
of the activity as manipulated by BWR level, elastic cord
tension, and the system used for assistance. Cavagna et al.
(5) were one of the first to apply the assisted jump concept
using an overhead pulley system. This innovative method in-
volved BWR to different gravity (g) values. They estimated
that as body weight was reduced from 1g to 1/6g, TOV
increased from 2.6 to 3.7 ms_'. This increased TOV of
3.7 ms~ ! corresponded to an estimated vertical JH of ap-
proximately 157 inches. Although their study utilized only
two participants, they provided a unique foundation for fu-
ture studies.

Imachi et al. (12), another pioneer in this type of train-
ing, demonstrated significant improvements in TOV with
assisted jump training compared with free jumping. They
conducted a study on the effects of “suspension” training
on vertical jumping ability over a period of 10 wk. Male

Elastic cords
—_—

Figure: Subject in an assisted jump apparatus.
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high school volleyball players were assigned to one of three
groups: free jump, 10% BWR, or 20% BWR. They demon-
strated that 10% and 20% BWR training was a superior
method for increasing free JH when compared with free
training. However, there was no significant difference be-
tween 10% and 20% BWR. They then followed up using
10% BWR in female athletes and also found increased free
vertical JH. Imachi et al. also reported that assisted jump
training seemed to be ineffective for nonathletes. Regardless
of gender, assisted jump training demonstrated an improve-
ment in free vertical JH for athletes compared with non-
athletes. In addition, they also concluded that assisted jump
training seems to be ineffective when jumping is performed
with the arms restricted, as would be done with hands on
hips. It has been suggested that arm swing contributes to
greater JH through increased TOV because of the ability of
the arms storing elastic energy during the swing phase (14).

Three more recent studies performed by Markovic and
Jaric (15), Markovic et al. (16), and Vuk et al. (24) com-
pared free jumping to either assisted or resisted jumping
at 30% BWR or 30% overload. They demonstrated that
overload jumping resulted in greater peak ground reaction
force, yet peak velocity and peak power were reduced (15).
Furthermore, power was greatest in the free condition, so
they concluded that 1g seems to maximize jumping power
performance. They followed up with a 7-wk training study
(16) that examined jumping with either 30% overload (using
dumbbells) or 30% BWR. Their results demonstrated that
30% BWR training resulted in greater free JH and peak
velocity when compared with 30% overload training. These
findings are consistent with Vuk et al. (24), who had both
trained and untrained subjects perform vertical jumps across
a spectrum of assisted and resisted loads varying between
30% BWR and 30% overload. They reported that assisted
jumping significantly increased JH and peak velocity com-
pared with free jumping. Also, similar to Imachi et al. (12),
they found that the changes in trained athletes were sig-
nificantly greater than those in untrained subjects. Some of
the seemingly conflicting results of these studies related to
free versus BWR may be due to differences in the properties
of the elastic cords used or the apparatus used for overload
training.

Argus et al. (1) also investigated 20% BWR, 20% over-
load, or free jumping. Their results demonstrated that BWR
jumping increased peak velocity ~37% and ~6% greater
than resisted and free jumping, respectively. In a compara-
ble study by Nuzzo et al. (17), they demonstrated that free
jumping was optimal to achieve peak and mean power out-
put during a countermovement free jump in trained and
untrained male subjects. A similar finding by Markovic and
Jaric (15) found that mean power was achieved at body
weight. However, there was a discrepancy in peak power
output between Markovic and Jaric (15) and Nuzzo et al.
(17). Peak velocity and power increased as BWR increased
in the study of Markovic and Jaric (15), whereas Nuzzo
et al. (17) reported decreases in peak power as BWR in-
creased. Nuzzo et al. stated the differences might be due
to either the elastic cords used in the study of Markovic
and Jaric or the pulley system used. Instead of using elas-
tic cords, Nuzzo et al. used a counter mass to keep a con-
stant pull during the jumps. These results demonstrate the
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importance of standardizing the assistance levels, as it affects
vertical jump parameters.

In a descriptive study by Tran et al. (22) using 10%
to 40% BWR, JH demonstrated a linear increase as BWR
increased. An interesting finding was that TOV increased
up to 30%; however, there were no significant differences
between 30% and 40% BWR. It was unclear from this
study why vertical JH significantly increased up to 40%
BWR but TOV was not significantly different until 30%
BWR. Another interesting finding was that relative peak
ground reaction force increased linearly as BWR increased.
Therefore, the reduction in body weight and absolute peak
ground reaction force was not linear. According to Hanson
et al. (10), enhancing vertical JH can be achieved from an
increase in net impulse (force x time), which will lead to
greater TOV. In support of greater vertical JH due to greater
TOV, Bobbert et al. (3) reported that vertical JH increased
more than 2.5 cm as a result of greater TOV. Accordingly,
it may be suggested that utilizing high-velocity movements
rather than near-maximal or maximal overload may be more
beneficial for improving high-velocity performance.

One critical factor associated with elastic-band-assisted
jumping is how the bands might affect different jump pa-
rameters. There have been only two studies (16,22) that
have reported the elastic modulus of the cords used. Tran
et al. (22) reported the elastic modulus of their cords to
be 100.72 N'm? (calculated by dividing delta force by delta
length during band stretch). Markovic et al. (16) reported
their cords’ elastic modulus to be 2.5 MPa but did not report
their calculation method. Since many previous studies have
not reported their cords’ elastic modulus, the results of jump
parameters are difficult to compare across studies. With the
exception of the two studies by Imachi ef al. (12) that used
nonathletes, the assisted jump method has demonstrated
(Table) increased free JH and TOV (1,5,12,16,17,20,22,24),
decreased or no changes in peak force (1,15,16,20,24), in-
creased relative ground reaction force (22), and either de-
creased or no changes in power (1,12,15). These results
demonstrate that different levels of assisted jump will have
different effects on jump parameters. Overall, if increasing
vertical JH and velocity is the desired goal, then assisted
jump training may be a more effective method than free
jump training.

Conclusions

Improving vertical jumping ability is one of the most
desired goals for athletes, personal trainers, and strength
and conditioning coaches. An innovative training concept
using assistance through either elastic cords or an absolute
load to reduce body weight and achieve overspeed may be
an additional training tool for athletes. This method, using
an assistance level between 10% and 40% BWR, can increase
TOV, relative ground reaction force, and power, thus leading
to greater JH either acutely or chronically. However, much
of the research supports these changes primarily in trained
subjects only. Previous assisted jump studies have not stand-
ardized the BWR on either an absolute or a relative basis, the
elastic modulus of the cords used, or the calculation method
of the elastic modulus. Therefore, future studies should in-
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vestigate and determine standardization of these parameters
in order to maximize assisted vertical jump training.

The authors declare no conflict of interest and do not
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References
1. Argus CK, Gill ND, Keogh JWL, et al. Kinetic and training compari-
sons between assisted, resisted, and free countermovement jumps. J. Strength
Cond. Res. 2011; 25:2219-27.

2. Bartolini JA, Brown LE, Coburn JW, et al. Optimal elastic cord assistance for
sprinting in collegiate women soccer players. J. Strength Cond. Res. 2011;
25:1263-70.

3. Bobbert ME, Gerritsen KG, Litjens MC, Van Soest AJ. Why is countermove-
ment jump height greater than squat jump height? Med. Sci. Sports Exerc.
1996; 28:1402-12.

4. Brown LE, Whitehurst M. The effect of short-term isokinetic training
on force and rate of velocity development. J. Strength Cond. Res. 2003;
17:88-94.

5. Cavagna GA, Zamboni T, Faraggiana T, Margaria R. Jumping on the moon:
power output at different gravity values. Aerosp. Med. 1972; 43:408-14.

6. Cormie P, McCaulley GO, McBride JM. Power versus strength-power jump
squat training: influence on the load-power relationship. Med. Sci. Sports
Exerc. 2007; 39:996-1003.

7. Corn RJ, Knudson D. Effect of elastic-cord towing on the kinematics of the
acceleration phase of sprinting. J. Strength Cond. Res. 2003; 17:72-5.

8. Ebben WP. The optimal downhill slope for acute overspeed running. Int. J.
Sports Physiol. Perform. 2008; 3:88-93.

9. Ebben WP, Davies JA, Clewien RW. Effect of the degree of hill slope on acute
downhill running velocity and acceleration. J. Strength Cond. Res. 2008;
22:898-902.

10. Hanson ED, Leigh S, Mynark RG. Acute effects of heavy- and light-load squat
exercise on the kinetic measures of vertical jumping. J. Strength Cond. Res.
2007; 21:1012-7.

11. Hill AV. The heat of shortening and the dynamic constants of muscle. Proc.
Biol Soc. 1938; 126:136-95.

12. Imachi Y, Sasayama S, Yoshida S. Effects and limitations of suspension
training for developing vertical jumping ability. AIESEP Proc. 1997; 101:
504-9.

13. Kawamori NK, Haff GG. The optimal training load for the development
of muscular power. . Strength Cond. Res. 2004; 18:675-84.

14. Lees A, Vanrenterghem J, De Clercq D. Understanding how an arm swing
enhances performance in the vertical jump. J. Biomech. 2004; 37:1929-40.

15. Markovic G, Jaric S. Positive and negative loading and mechanical output in
maximum vertical jumping. Med. Sci. Sports Exerc. 2007; 39:1757-64.

16. Markovic G, Vuk S, Jaric S. Effects of jump training with negative
versus positive loading on jumping mechanics. Int. J. Sports Med. 2011;
32:365-72.

17. Nuzzo JL, McBride JM, Dayne AM, et al. Testing of the maximal dynamic
output hypothesis in trained and untrained subjects. J. Strength Cond. Res.
2010; 24:1269-76.

18. Paradisis GP, Cooke CB. The effects of sprint running training on sloping
surfaces. J. Strength Cond. Res. 2006; 20:767-77.

19. Ross RE, Ratamess NA, Hoffman JR, et al. The effects of treadmill
sprint training and resistance training on maximal running velocity and power.
J. Strength Cond. Res. 2009; 23:384-94.

20. Sheppard JM, Dingley AA, Janssen I, et al. The effect of assisted jumping on
vertical jump height in high-performance volleyball players. J. Sci. Med. Sport.
2011; 14:85-9.

21. Tinning R, Davis K. The effectiveness of towing in improving sprinting speed.
Aust. ]. Health Phys. Educ. Sports. 1978; 79:19-21.

22. Tran TT, Brown LE, Coburn JW, et al. Effects of different elastic cord assis-
tance levels on vertical jump. J. Strength Cond. Res. 2011; 25:3472-8.

23. Upton DE. The effect of assisted and resisted sprint training on acceleration
and velocity in Division IA female soccer athletes. . Strength Cond. Res. 2011,
25:2645-52.

24. Vuk S, Markovic G, Jaric S. External loading and maximum dynamic output in
vertical jumping: the role of training history. Hum. Mov. Sci. 2012; 31:139-51.

Current Sports Medicine Reports 159

Copyright © 2012 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



