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Plyometric Training Practices of Brazilian Olympic Sprint
and Jump Coaches: Toward a Deeper Understanding
of Their Choices and Insights

by
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Plyometric training is extensively used by coaches to enhance neuromuscular performance in a wide variety of
sports. Due to the high demands of sprint speed and power output in elite sprinters and jumpers, sprint and jump coaches
are likely to have great knowledge on this topic. Undoubtedly, this expertise is even more pronounced for Olympic coaches,
who work with some of the fastest and most powerful athletes in the world, and who are required to continually maintain
these athletes at optimal performance levels. Describing and discussing the practices commonly adopted by these coaches
in detail and extrapolating this experience to other sport coaching contexts and disciplines may be extremely relevant.
The current article presents, explores, and illustrates the plyometric training practices of Brazilian Olympic sprint and
jump coaches, with a special focus on training programming and exercise selection.
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(e.g., a maximal vertical or horizontal jump) is well
established in the literature and relies on the
mechanical properties of the muscle-tendon

Introduction
Plyometric exercises are widely used by
coaches from numerous sports, during different

phases of the annual training season (Bolger et al.,
2016; Loturco et al., 2022; Weldon et al., 2022a,
2022b). In more general terms, plyometrics (or
stretch-shortening cycle [SSC] exercises) can be
characterized by a rapid transition from the
deceleration (e.g., drop landing) to the acceleration
phase (e.g., a vertical jump) or by the combination
of eccentric and concentric contractions (Fatouros
et al., 2000; Hermassi et al., 2010). The efficiency of
the SSC to improve the subsequent motor-task
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complex (Flanagan and Comyns, 2008; McMahon,
2018). During plyometric activities, the muscle-
tendon complex stores potential elastic energy in
the eccentric phase, restoring part of this energy
during the concentric portion of the movement
(Fouré et al., 2012; Fukashiro et al., 2006; Li et al.,
2021; McGuigan et al., 2006; McMahon, 2018). This,
in turn, leads to increased force and power
production, as a result of the SSC potentiation
(Fukashiro et al., 2006; McMahon, 2018; Sole, 2018).
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Several studies have examined the influence of this
enhanced effect on physical performance of
athletes from different sports, of different ages and
competitive levels, confirming that plyometric
training is an efficient and safe strategy to improve
speed- and power-related capabilities (Markovic,
2007; Saez de Villarreal et al., 2012).

Specifically in track and field, the sport
where we can find the fastest athletes on earth,
plyometric exercises are used with the objective of
enhancing sprint ability (Whelan et al.,, 2016).
Indeed, two recent surveys with sprint and jump
coaches revealed that plyometrics are the most
frequently prescribed exercises in their training
programs, being considered as one of the most
important drills for improving sprinting skills by
the vast majority of these coaches (Bolger et al.,
2016; Healy et al., 2021). The rationale behind these
choices and preferences is based on a number of
factors that range from “similarity to sprinting”
and “potential performance adaptations” to
“specific muscle recruitment” and “practicality”
(i.e.,, minimal equipment needed, low-cost, ease of
implementation, time-efficiency, and low risk of
injury) (Bolger et al., 2016, Healy et al., 2021;
Husbands, 2013; Whelan et al., 2016). For Brazilian
Olympic sprint and jump coaches, the main reason
for prescribing plyometric training programs for
elite sprinters and jumpers is “speed
development”, with “improvements in jumping
ability” and “lower-body power” being,
respectively, the second and third most cited
reasons for systematically utilizing plyometric
exercises (which is largely expected due to the
inherent characteristics of jump-based activities)
(Loturco et al., 2023b; Ramirez-Campillo et al,,
2020).

The beliefs and perceptions about the
importance, efficacy, and applicability of
plyometrics are not exclusive to track and field
coaches. As previously mentioned, this practical
and efficient training strategy is widely used by
practitioners from a range of sports (e.g., soccer,
rugby, volleyball, and cricket), in both the
preparatory and competitive periods (Loturco et
al., 2022; Weldon et al., 2021, 2022a; Zabaloy et al.,
2022). It is worth noting, however, that despite the
evident and marked differences between these
sports (i.e., sprint and jump events compared to
team-sport disciplines), the primary goal of
strength and conditioning coaches when

Journal of Human Kinetics, volume 88/2023

incorporating plyometric drills in their training
routines is the same: to optimize the speed and
power performance of their athletes (Loturco et al.,
2022; Weldon et al, 2022b). In this regard,
identifying plyometric training practices adopted
by coaches who work with sprinters and jumpers,
competitors usually distinguished by their
exceptional performance in explosive events
(Canata and Casale, 2022; Loturco et al., 2021,
2023a), may be of high practical relevance for elite
athletes representing different sport disciplines. In
this article, we describe and discuss in detail
plyometric training strategies commonly used by
Brazilian Olympic sprint and jump coaches, with a
special emphasis on how these exercises are
programmed, exercise selection, and potential
training effects.

Plyometric Training Programming

In general, plyometric training is used over
the entire training season, with different
configurations preparatory  and
competitive periods (Tables 1, 2, and 3). Most
sprint and jump coaches prescribe plyometrics
either on alternate days (relative to resistance
training), after resistance training sessions or
within complex training session designs. It is
important to emphasize that plyometric training
may be more efficient when applied under well-
rested conditions (Chu, 1986; Comfort and
Matthews, 2010); thus, coaches from other sports
(e.g., team-sport disciplines) should take this
information into account when designing
plyometric training programs. Sprinters and
jumpers usually perform at a superior level in
strength-power training sessions and, therefore,
track and field coaches may use this sequential
arrangement  (i.e, resistance training +
plyometrics) to maximize training responses and
induce greater adaptations via post-activation
performance enhancement (Boullosa, 2021;
Harrison et al.,, 2019). For the above-mentioned
reasons, athletes from other sports might be more
benefited by performing plyometric exercises in
isolated training sessions or as part of complex
training methods (Cormier et al., 2022; Slimani et
al., 2016).

Overall, plyometric exercises are divided
into different categories, according to the expected
(or intended) adaptations. Whereas horizontally-
directed jumps (e.g., broad jumps, leg bounding,

between
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and standing long jumps) are typically utilized to
increase sprint acceleration and horizontal jump
distance, vertically-directed jumps with relatively
shorter ground contact times (CTs) or with
“negative loads” (e.g., in-place pogo jumps, and
assisted jumps) may be more recommended to
enhance top-speed qualities (Clark, 2018; Loturco
et al, 2015b, 2015¢; Makaruk et al., 2020). To
improve lower-body power performance, SSC
function, and leg stiffness, exercises such as drop
jumps and hurdle jumps are usually prescribed
with different instructions (i.e., jumping for
maximum height or minimum CT) and intensities
(i.e., varying dropping or hurdle heights), which
will directly impact their technical execution and
expected training outcomes (Khuu et al., 2015;
Oliver et al., 2021; Struzik et al.,, 2016). These
applied concepts, as well as those related to the
development of speed and power qualities, may be
used by practitioners from different sports, who
can select and adjust plyometric training content
according to the specific needs and demands of
athletes and sport disciplines. The high levels of
speed and power performance regularly exhibited
by Olympic sprinters and jumpers justify and
endorse the use of some of their regular training
practices within other sport environments. In the
following topics, we will describe and discuss the
potential applications, efficacy, and main
characteristics of plyometric exercises most
commonly prescribed by Brazilian Olympic sprint
and jump coaches.

Plyometric Exercises

The types of plyometric exercises most
commonly used by Brazilian Olympic sprint and
jump coaches as well as their frequency of
utilization are described in Table 4.

Hurdle Jumps

The hurdle jump (Figure 1) is
unquestionably one of the most popular exercises
within track and field environments (Healy et al.,
2021; Loturco et al., 2023b). A survey on resistance
training practices of sprint coaches revealed that
the hurdle jump is not only the most frequently
prescribed plyometric drill, but rather, the most
commonly used exercise among a variety of
traditional, ballisticc and plyometric exercises
(Healy et al., 2021). Besides its practicality, efficacy,
and cost-effectiveness (which are common

characteristics of unloaded jumps), the extensive
utilization of hurdle jumps may be favored by the
massive presence of hurdles in sports training
centers and by the possibility of adjusting hurdle
height (and thus, training intensity) from session to
session, according to training objectives, and
fatigue status (i.e., fatigued or non-fatigued state).
Previous studies have shown that jumping
forward and sequentially over hurdles may be an
optimal strategy for developing speed and power
capacities in athletes from different sports (Cappa
and Behm, 2011, 2013; Chelly et al., 2010, 2015). A
10-week intervention with young male track
athletes revealed that the inclusion of hurdle and
depth jumps into their regular training program
substantially improved jumping performance and
sprint speed over both acceleration (5-m) and top-
speed (35-40-m) phases (~10% vs. 5%, 10% vs. 4%,
and 4% vs. 2%, for jump, acceleration, and top-
speed performance, respectively, relative to a
traditional in-season training regimen) (Chelly et
al.,, 2015). Similar results (i.e., superior increases in
speed- and power-related capabilities) were
observed for soccer players in an 8-week study
comparing the effects of a combined training
scheme (i.e, biweekly plyometric sessions
comprising hurdle and depth jumps added to their
usual routine) with customary in-season soccer
training (Chelly et al., 2010). The efficacy of hurdle
jumps may be related to their mechanical aspects
and training specificity (Cappa and Behm, 2011).
For example, when compared to the
countermovement jump (CM]J), hurdle jumps
executed at ~100-140% of the CM]J height exhibit
considerably lower CTs and greater ground
reaction forces (GRF) (~810 vs. 180 ms and 2150 vs.
4200 N, for CT and GRF of CM]Js and hurdle jumps,
respectively) (Cappa and Behm, 2011; Dintiman
and Ward, 1988). As a matter of comparison, the
average CT reported for maximal sprints,
bounding, high jumping, long jumping, and
directional changes is, respectively, 90, 175, 130,
110, and 250 ms, whereas GRFs described for these
activities were > 3100 N (up to ~6100 N) (Cappa
and Behm, 2011; Dintiman and Ward, 1988).
However, it is important to emphasize that, for this
type of the jump, CT increases with increasing
hurdle height, which might compromise the
effective use of the SSC (Healy et al., 2020).
Therefore, practitioners should carefully evaluate
athletes’” CT during the execution of hurdle jumps
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of varying heights, in order to select adequate
plyometric training intensities for their athletes
(Healy et al, 2020). Providing these
recommendations are followed, hurdle jumps can
better and more closely reflect the biomechanical
characteristics of numerous track and field events
and sport-specific activities, which potentially
provides a more specific and effective transfer to
performance (Cappa and Behm, 2011, 2013; Chelly
et al., 2015). Coaches from different sports may
consider the inclusion of these practical drills into
their regular training routines, bearing in mind
that: 1) when CTs are excessively long (i.e., > 250
ms), lower hurdles may be necessary to reduce
landing forces and, hence, preserve the efficiency
of the fast SSC (i.e., reutilization of elastic energy)
(Flanagan and Comyns, 2008; Healy et al., 2020;
Jarvis et al.,, 2022); and 2) a few sets completed
twice per week can significantly improve a wide
range of sports skills (especially when these
exercises are combined with other types of
plyometric exercises, e.g., depth jumps).

Drop Jumps

Drop (or depth) jumps are another
example of a practical and efficient plyometric
exercise, which also allows the control and
adjustment of training intensity by just changing
the drop height (Marshall and Moran, 2013; Pedley
et al, 2017; Peng et al., 2017). For this reason,
practitioners from different sports regularly
prescribe drop jumps of various intensities (i.e.,
different dropping heights) during distinct phases
of the season, with different purposes and
objectives (e.g., developing sprint speed, jumping
ability, running economy) (Healy et al., 2021;
Pedley et al., 2017; Weldon et al., 2022b). In track
and field practices, the drop jump emerges as one
of the most popular training drills, being, for
example, the third most frequent type of the jump
included in the preference list of Brazilian Olympic
sprint and jump coaches (Bolger et al., 2016; Healy
et al.,, 2021; Loturco et al.,, 2023b; Whelan et al.,
2016). Drop jumps are usually performed from
plyometric boxes (Figure 2), in an intermittent
manner, and with two different verbal instructions:
1) jumping for maximum height, and 2) jumping
for maximum height with minimum CT (Khuu et
al., 2015; Oliver et al., 2021; Pedley et al., 2017;
Struzik et al, 2016). Previous research has
consistently shown that these distinct verbal cues
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can greatly affect the biomechanics and technique
of drop jumps, as well as potential training effects
(Bobbert et al., 1987; Khuu et al., 2015; Oliver et al.,
2021; Pedley et al., 2017; Struzik et al., 2016).
Overall, when instructed to minimize CT, athletes
typically land stiffer, achieving lower jump heights
than, for example, when instructed to jump as high
as possible (Khuu et al,, 2015). Under this drop
jump condition, athletes adopt a more vertically-
oriented trunk position, exhibiting lower degrees
of hip, knee, and ankle flexion during landing.
These biomechanical alterations are also associated
with higher levels of ground reaction forces, power
production, the rate of force development, and the
reactive strength index (Barker et al., 2021; Bobbert
et al., 1987; Khuu et al., 2015; Newton et al., 2001;
Vanrenterghem et al.,, 2008; Young et al., 1999),
which, from an applied perspective, can lead to
conflicting and divergent interpretations. Whereas
this increased mechanical efficiency seems to be
more closely related to certain sport-specific
activities (i.e., linear sprints and rapid jumps)
(Douglas et al., 2018; Flanagan and Comyns, 2008;
Pedley et al., 2017; Young et al., 1999), high loading
magnitudes during the execution of drop jumps
may also increase the potential risk of injury,
especially when these exercises are performed
frequently (Flanagan and Comyns, 2008; Newton
et al., 2001; Peng et al., 2011; Sotiropoulos et al.,
2023; Young et al., 1999). On the other hand, when
jumping for maximum height, athletes display
greater trunk, hip, knee, and ankle flexion, a
movement pattern that is typically associated with
longer ground CTs (i.e., landing + push-off phases)
and greater jump heights (an average increase of
~10-20%, compared to “upright jumping”) (Khuu
et al., 2015; Oliver et al.,, 2021; Pedley et al., 2017;
Vanrenterghem et al., 2008). In fact, the restriction
of the trunk inclination that naturally occurs when
athletes are instructed to minimize ground CT will
lead to increased torque and power output in the
knee joint, with a simultaneous reduction in hip
joint torque and power (Vanrenterghem et al.,
2008). Since hip jump power is positively
correlated with jump performance, a concomitant
reduction in vertical jump height is also expected
(Aragén—Vargas and Gross, 1997; Lees et al., 2004;
Vanrenterghem et al., 2008). These changes in drop
jump technique as a result of different verbal cues
will certainly impact training-induced adaptations,
as highlighted and stated by different authors
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(Bobbert, 1990; Flanagan and Comyns, 2008; Khuu
etal., 2015; Marshall and Moran, 2013; Pedley et al.,
2017). For Bobbert (1990), technique is, indeed, the
most important variable to be controlled during
drop jump training programs. Marshall and Moran
(2013) confirmed these assumptions showing that
a “countermovement style drop jump program”
(i.e, subjects instructed to make a larger
countermovement before jumping for maximum
height) is more effective than a “bounce style drop
jump program” at increasing jump heights (i.e., 6%
vs. —0.4%, respectively, for variations in
countermovement jump height, after an 8-week
training intervention). Young et al. (1999) also
found similar results when comparing the effects
of two drop jump training methods: 1) “drop jump
for maximum rebound height (DJ-H)”, and 2)
“drop jump for maximum height and minimum
ground CT (DJ-H/t)”. In that study, despite the lack
of significant changes in jumping performance, the
DJ-H group exhibited an increase of 6% in standing
vertical jump height, against an increase of 3% in
the DJ-H/t group. Nevertheless, the DJ-H/t
program elicited greater improvements in reactive
strength (+ 20%, against a 0.5% increase in the DJ-
H group; determined by the best ratio between
drop jump height and CT [cm-s']), which
corroborates with the theory that this drop jump
style can be more effective in maximizing rapid
force generation and power-related capabilities
(especially in the leg extensor muscles) (Bobbert et
al.,, 1987; Pedley et al., 2017; Young et al., 1999). In
a 12-week intervention analyzing the effects of two
plyometric protocols in college athletes, both drop
and countermovement jumps were shown to be
effective at enhancing jumping ability (assessed by
means of the squat, countermovement, and drop
jump height), but the % changes for all jump types
were greater in the drop jump group (Gehri et al,,
1998). A key finding in that study was the lack of
improvements in the utilization of stored elastic
energy observed for both groups (calculated using
methods described by Komi and Bosco (1978)),
which also reinforces previous findings on the
crucial importance of verbal cues in drop jump
training (Bobbert et al., 1987; Khuu et al., 2015;
Oliver et al.,, 2021; Pedley et al., 2017; Struzik et al.,
2016). This is because both groups were instructed
to rebound upward in a maximal vertical jump,
without any additional instruction regarding
ground CT. As a consequence, increases in vertical

jump height were attributed to enhanced
contractile performance in muscles involved in the
jump tasks (and not to the use of stored elastic
energy) (Gehri et al., 1998). A final point to
consider when designing drop jump training
programs is the adequate prescription of drop
jump height. Although there is no consensus on the
best dropping height to be applied during training,
some authors have recommended the use of the
“optimal drop height” (i.e., the height that elicits
the highest ratio of jump height to CT; a variable
often termed as “reactive strength index”)
(Flanagan and Comyns, 2008; Jarvis et al., 2022;
Newton and Dugan, 2002). A recent meta-analysis
including 32 studies on this topic (Jarvis et al.,
2022) identified moderate and large (negative and
positive) associations between the reactive
strength index and a number of independent
measures of physical performance (r = 0.34 for
pooled isometric and isotonic strength; r = —0.43
and -0.33 for sprint times across acceleration and
top-speed phases; and r = -0.56 for change of
direction speed times, respectively). Training
studies with athletes from different sports and age-
categories have compared the effects of using or
not using the optimal drop height during pure
plyometric or combined (plyometric + resistance)
training, yielding controversial results (Ramirez-
Campillo et al., 2018; Sotiropoulos et al., 2023). For
example, an individualized drop jump training
program (based on the optimal drop height) was
superior to a “fixed drop-box height” program (i.e.,
using a 30-cm box) to develop a range of physical
fitness attributes in a population of young soccer
players (Ramirez-Campillo et al., 2018). In contrast,
when combined with resistance training (i.e., half
squat, leg extension, leg curl and some upper-body
exercises), drop jump training performed from the
optimal drop height or from a height 25% higher,
resulted in greater increases in vertical jump height
and the reactive strength index (compared to drop
jump training performed from a drop height 25%
lower than the optimal drop height, in highly-
trained female volleyball players) (Sotiropoulos et
al., 2023). Nonetheless, notably, training from a
drop height 25% higher than the optimal drop
height led to greater enhancements in various drop
jump measures (i.e., increases in drop jump height
and the reactive strength index, and decreases in
ground CT). Therefore, for highly specialized
athletes, the utilization of drop heights moderately
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higher (i.e., 25-30% higher) than the optimal drop
height may be recommended to optimize the
overall development of reactive strength and SSC
efficiency. Still in this context, and specifically for
highly-trained sprinters and rugby players,
previous studies have demonstrated that, instead
of the reactive strength index, the maximum height
achieved after drop jumps executed from greater
drop heights (i.e., = 75 cm) is, in fact, the best
predictor of sprinting speed over a range of
distances (from 10- to 60-m) (Barr and Nolte, 2011;
Loturco et al., 2019). This also supports the use of
drop heights higher than the optimal drop height
to train and assess elite athletes from different
sports. However, practitioners should bear in mind
that an elevated mechanical stress is also generated
when using greater drop heights, which
potentially increases the likelihood of acute and
chronic injuries (Flanagan and Comyns, 2008;
Peng, 2011; Sotiropoulos et al., 2023). In this regard,
as abovementioned, the optimal drop height could
also serve as a basis for the adequate selection and
prescription of drop jump height, even when
higher (or lower) drop heights are recommended
(Flanagan and Comyns, 2008; Pedley et al., 2017;
Sotiropoulos et al., 2023).

Box Jumps

Box jumps are widely used in several
sports and among different age-categories (Fort-
Vanmeerhaeghe et al., 2016; Keller et al.,, 2020;
Michailidis et al., 2013; Waller et al., 2014, 2019),
mainly because they allow the reduction in ground
reaction forces when landing, thus limiting the
increased risk of injury commonly associated with
excessive eccentric loads (Booth and Orr, 2016;
Koefoed et al, 2022; Prapavessis et al., 2003;
Vescovi et al., 2008). For executing this exercise,
athletes start from a standing position, in front of a
plyometric box, before lowering their bodies, by
flexing their hips, knees, and ankles (Koefoed et al.,
2022). Athletes then jump explosively forward and
upward, landing with both feet on top of the box
(Figure 3). Although the intensity of box jumps is
thought to be related to the box height, this is still
a matter for debate. For Koefoed et al. (2022), this
may be a “flawed assumption”, as the height of the
box has a very limited influence on takeoff
mechanics. In contrast, higher box heights place
greater demands on flexibility and mobility
(especially in hip and knee joints) at the landing
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phase, a movement pattern that is seldom
observed in real sport actions (Koefoed et al., 2022;
Waller et al., 2014). Higher boxes will also increase
the risk of falling (Koefoed et al., 2022), a problem
that may be even more critical for powerful
athletes, who tend to jump higher and, hence, use
high boxes during plyometric training sessions.
From a rational perspective, this makes no sense,
as jump intensity will be primarily driven by the
intent to execute a maximal or a submaximal jump
(Koefoed et al., 2022). Therefore, athletes can
perform maximal jumps even when utilizing small
or moderate box heights. In this regard, boxes will
only serve as a landing area, with the intention of
reducing eccentric load and dissipating the
impulse at landing. For some authors, the ideal and
safe height to perform box jumps should be
calculated and defined on the basis of the athlete’s
countermovement jump height (Koefoed et al.,
2022; Waller et al., 2014). For example, plyometric
boxes with a height ~20% lower than the maximal
countermovement jump will ensure an adequate
forward movement onto the box, avoiding athletes
from tucking their knees up to their chest while in
the air (Koefoed et al.,, 2022). Another criterion
suggested for identifying the optimal box height
may be based on the observation of knee flexion
while landing on the top of the box. For Barnes
(2003), a soft and safe landing can be achieved
when the box height allows athletes to land “with
their knees bent to approximately 120 degrees”.
Due to their low-to-moderate intensity nature, box
jumps are usually prescribed during preparatory
or transitional training periods in order to develop
and improve basic jumping abilities (Mothersole,
2013; Turner and Jeffreys, 2010; Waller et al., 2014,
2019) or in conjunction with more intense exercises
(e.g., heavy squats, loaded squat jumps, and drop
jumps) to increase a variety of neuromuscular
qualities (e.g., the rate of force development,
concentric force production, and power) across
different phases of the season (as illustrated in
Tables 1, 2, and 3) (Anthony and Baghurst, 2019;
Dann and Kelly, 2021; Janz and Malone, 2008;
Lockie et al, 2012; Marcello et al., 2017, Wing,
2018). Such a wide variety of applications
combined with an inherent practicality and
efficiency contribute to making the box jump one
of the most prevalent jump drills not only within
the sprint coaching community (Bolger et al., 2016;
Healy et al., 2021), but among practitioners from
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different sports and of diverse performance levels, performance (Loturco et al., 2022, 2023b; McNeely,
either to enhance the landing technique (and 2005; Mothersole, 2013; Weldon et al., 2022b).
reduce landing forces) or improve athletic

Table 1. Typical plyometric training program of an Olympic sprinter
during preparatory and competitive periods.

Preparatory period Competitive period
Weekly frequency x3 x2
Standing jumps (3 x 4) Hurdle jumps (3 x 4)
Bounding (4 x 8-10) Bounding (4 x 8-10)
Exercises Box jumps (5 x 5) Box jumps (5 x 5)
(Sets x reps) Drop jumps (3 x 4) Drop jumps (3 x 4)
Multiple hops (4 x 6) Multiple hops (4 x 6)
Assisted jumps (6 x 6-8) Assisted jumps (6 x 6-8)
Interval between -3 min 3.5 min

sets/exercises

Table 2. Typical plyometric training program of an Olympic long jumper
during preparatory and competitive periods.
Preparatory period Competitive period

Weekly frequency X3 X2
Bounding (6-8 x 12-20)
Assisted jumps (2-6 x 4-6)
Exercises Box drills (5-10 x 6)
(Sets x reps) Hurdle jumps (5-6 x 6)
Multiple hops (4-10 x 3-5)
Drop jumps (46 x 4-6)

Bounding (4-6 x 8-15)
Assisted jumps (2—4 x 4-6)
Hurdle jumps (4 x 6)
Multiple hops (3-6 x 3-5)
Drop jumps (3 x 4)

Interval between

. 2-3 min 3-5 min
sets/exercises

Table 3. Typical plyometric training program of an Olympic high jumper
during preparatory and competitive periods.

Preparatory period Competitive period
Weekly frequency x2 x 1-2
Bounding (1 x 12) Bounding (1 x 10)
Exercises Hu.rdle jumps (6 x 4-5) Asmsted.]umps 3x8)
(Sets x reps) Multiple hops (3-6 x 4-10) Hurdle jumps (4 x 3)
P Standing jumps (6 x 3) Multiple hops (3 x 3)
Drop jumps (2 x 6-8) Standing jumps (3—4 x 2-3)
Interval between . .
2-3 min 3-5 min

sets/exercises

Table 4. Preference list of plyometric exercises for Brazilian Olympic sprint and jump coaches
(ordered by relative frequency of utilization).

Fxercise % Of coaches who use the respective exercise Weekly frequency of use
Hurdle jumps 89% 1-3 x
Bounding 79% 1-3x
* Box jumps 74% 2-3x
Drop jumps 74% 2-3 x
Multiple hops 68% 1-3x
* Assisted jumps 42% 1-3x
* Standing jumps 21% 1-2x

Note: * Box drills, assisted jumps, and standing jumps are not necessarily plyometric activities,
especially when executed in a non-sequential (“non-continuous”) manner. However, these exercises
are frequently mentioned as types of “plyometric exercises” in a series of surveys conducted with
coaches from different sports (Healy et al., 2021; Loturco et al., 2022, 2023; Weldon et al., 2021, 2022).

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
license.




138 Olympic coaching practices

R e TR e

Figure 1. Hurdle jumps sequencing.
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Figure 2. Drop jumps execution, under two distinct verbal instructions: “jumping for
maximum height” (Panel A) and “jumping for maximum height with minimum contact
time” (Panel B), at the initial (1), contact (2), flight (3), and landing (4) phases.
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Figure 3. Box jumps execution, under two different conditions: “using the optimal box
height” (Panel A) and “using an exaggerated box height” (Panel B), at the initial (1), flight
(2), final approaching (3), and landing (4) phases.

Figure 4. Assisted jumps execution, under two different conditions: “using the
adequate elastic resistance” (Panel A) and “using an excessive elastic resistance”
(Panel B), at the starting standing position (1), initial portion of the concentric action
(2), and at the flight (3) and landing (4) phases.
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)

Figure 7. Multiple hops sequencing: “single-leg stance multiple hop” performed on the
right leg (Panel A) and “double-leg stance multiple hop” (Panel B).

Journal of Human Kinetics, volume 88/2023 http://www.johk.pl




by Irineu Loturco et al.

Assisted Jumps

Assisted jumps may be considered an
overspeed training method, as this allows
manipulation of the movement velocity by
artificially increasing the maximum vertical
acceleration rate while jumping, thus working as
an additional training stimulus for speed and
power development (Argus et al.,, 2011; Cazas et
al., 2013; Loturco et al., 2015b, 2018). To increase
movement velocity, practitioners usually utilize
elastic bands with different resistance levels. The
greater the assistance used (i.e., higher elastic
resistances), the greater the jump-squat velocity
and the resultant jump height (Figure 4) (Kilgallon
and Beard, 2010; Loturco et al.,, 2015b). This
alternative training method is ranked as the 6t
most popular form of jump exercise in the
preference list of Brazilian Olympic sprint and
jump coaches, being considered a very effective
and safe way to develop lower limb power in elite
junior track and field and team sport athletes
(Kilgallon and Beard, 2010; Loturco et al., 2015b,
2018). In a more applied perspective, by unloading
the athletes’” body-mass with the aid of elastic
bands, it is possible to reduce mechanical stress
imposed by the traditional loading approach on
the back, and on the knee and hip joints, making
this strategy particularly interesting for younger
athletes (Kilgallon and Beard, 2010; Loturco et al.,
2015b). In addition to this, it has been advocated
that higher velocities achieved during assisted
jumps can potentially lead to positive adaptations
in the high-velocity portion of the force-velocity
spectrum, which is consistent with previous
studies on this topic (Cazas et al., 2013; Cook et al.,
2013; Kilgallon and Beard, 2010; Loturco et al.,
2015b; Markovic et al., 2011; Sheppard et al., 2011).
Collectively, the empirical evidence regarding the
effectiveness of assisted jumps on power
production at unloaded and very-light loading
conditions and sprint speed (Cazas et al., 2013;
Cook et al., 2013; Kilgallon and Beard, 2010;
Loturco et al., 2015b; Markovic et al., 2011;
Sheppard et al., 2011), could explain, for example,
their large utilization by Olympic sprint coaches
during both preparatory and competitive periods
(Table 1) (Loturco et al., 2023b). Another important
aspect to be considered when prescribing negative
loads is the proper selection of band types.
Although bands with greater resistances can be
used to elicit faster movement velocities, they can
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also lead to excessive jump heights and, as a
consequence, increase the likelihood of jump-
landing injuries (Kilgallon and Beard, 2010). A
good strategy for selecting adequate bands may be
the utilization of movement velocity as a reference
variable for determining the level of resistance for
assisted jumps. Loturco et al. (2015b) proposed an
increment of 20% in jump squat velocity (as
compared with the “velocity of reference”; namely,
the bar-velocity assessed during jump squats
without any additional load placed on the barbell)
for improving speed and power performance in
elite under-20 soccer players. Using this criterion,
it is possible to preserve the biomechanical
characteristics of the ballistic exercise, as reduced
and well-balanced variations in jump squat
velocity still allow athletes to maintain good levels
of coordination and technique (e.g., movement
pattern, balance, and posture) and apply
considerable amounts of force while jumping.
Moreover, by adjusting the intensity of assisted
jumps with the use of the velocity-based approach,
athletes with distinct characteristics (e.g., heavier,
and lighter subjects, or individuals with different
levels of relative strength) will execute the exercise
at a similar loading intensity (e.g., 20% faster than
the traditional unloaded condition, as defined by
the velocity of reference). In contrast, strategies
based on fixed percentages of body-mass reduction
(e.g., -30% of body-mass) may compromise the
monitoring and prescription of training intensity,
which can be even more problematic in team-
sports, where athletes with very different
anthropometric traits and physical performance
profiles (e.g., rugby backs and forwards, basketball
point guards and power forwards) will probably
experience different loading intensities under
similar percentages of body-mass reduction
(Loturco et al., 2015b). In summary, despite their
proven effectiveness, great popularity, and
perceived ease of use, assisted jumps should be
properly prescribed and controlled, in order to
enhance their potential benefits and reduce safety
concerns. The correct selection of elastic bands is,
undoubtedly, the most important factor in this
process.

Bounding

Bounding is a type of “multiple jumping
exercise for maximum distance” (Young, 1992) that
can be performed in single, double, and alternate
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jump modes. This horizontally-oriented drill is
usually executed with the main objective of
improving the ability to apply force in the
horizontal direction and, thus, mechanical
efficiency during the acceleration phase of sprint
running (Behrens and Simonson, 2011; Young,
1992). Indeed, a recent meta-analysis confirmed the
superiority ~of  horizontally-oriented  jumps
(compared to vertically-oriented jumps) at
improving horizontal performance (Moran et al.,
2021), which may explain the extensive use of this
type of exercise among Brazilian Olympic sprint
and jump coaches (who ranked bounding as the 2nd
most commonly prescribed exercise out of eight
different plyometric activities) (Loturco et al.,
2023b). Due to its inherent characteristics (i.e.,
exaggerated running strides while swinging arms)
(Chu, 1998) and similarity with sprinting technique
(Turner et al,, 2015), “alternate bounding” is the
most commonly researched and used mode of
bounding in a wide variety of sport disciplines
(Figure 5) (Chu, 1985; Dann et al., 2023; Turner et
al., 2015; Young, 1992). Overall, there are two forms
of alternate bounding, which may be defined and
selected according to their mechanical aspects:
“traditional bounding” and “sprint bounding”. For
both exercises, the transition between the eccentric
action, initiated at the beginning of the contact
phase, and the concentric action (i.e., muscle
shortening over the push-off phase) occurs
unilaterally  (i.e, one-foot take-off) and
horizontally, involving an alternate running arm
swing (Chu, 1985, Young, 1992). The main
difference between these two respective bounding
forms is related to the time spent during the
ground contact phase and, consequently, to the
changes in neuromuscular activity and movement
patterns that arise from this observation. While
traditional bounding involves landing on the heels
and CT of ~200 ms, sprint bounding results in
“more active landings” (i.e., flat-foot contact), with
shorter CT (~130 ms) (Young, 1992). Therefore,
although both exercises can be used to improve
acceleration capacity, sprint bounding seems to be
more effective to develop maximum speed, as this
better reflects (or at least approaches) the actual
demands and CTs recorded during top-speed
phases (Young, 1992) (i.e.,, CT < 100 ms, for elite
sprinters) (Mattes et al., 2021; Mero et al., 1992).
Despite its similarity to sprinting technique and
horizontal dominance, the transference of
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bounding to sprint performance appears to be
optimized when this plyometric drill is combined
with other jump types (e.g., hurdle, drop, and tuck
jumps) and/or training modes (e.g., resistance
training) (Duvall, 1993; Moran et al., 2021; Rimmer
and Sleivert, 2000; Young et al., 2001). As sprinting
is a complex skill, most authors who investigate
this topic propose the use of mixed training
strategies for enhancing sprint performance,
including not only bounding drills or other
horizontally-oriented  techniques (e.g., sled
towing), but also a variety of vertically-oriented
jumps and strength-power exercises (e.g., squats
and Olympic lifts), which may be balanced and
prescribed according to athletes’” needs and
objectives (Haugen et al., 2019; Loturco et al.,
2023b; Young, 2001, 2006). A final and crucial point
to consider is that, irrespective of athletes’
characteristics, plyometric programs designed to
improve sprint speed (especially over short-
distances) and horizontal force production should
have a predominance of horizontally-oriented
jumps (over vertically-oriented jumps) in their
training sessions (Moran et al., 2021). Under this
perspective, the use of bounding jumps, in all their
different modes (i.e., single, double, and alternate
modes) and forms (i.e. traditional and sprint
bounding) is highly recommended.

Standing Long Jumps and Multiple Hops

Standing long jumps and multiple hops
are variations of horizontally-oriented drills which
share a common particularity: both of them are
usually performed from a static standing posture
(Figures 6 and 7). As a result, these jumps may be
more appropriate for improving (and indirectly
assessing) maximum  acceleration capacity
(Hudgins et al., 2013; Loturco et al., 2015a; Moresi
et al, 2011; Sole, 2018), especially in situations
where athletes have to sprint as fast as possible
from stationary positions, such as, for example,
during block (or static) starts in track and field
events. These potential applications are
particularly stimulated by a series of studies,
which demonstrated the close relationships that
exist between standing long jump (executed either
individually or sequentially) and multiple hop
performances and the sprint acceleration phase, a
fact that is even more pronounced in elite sprinters
and jumpers (Habibi et al., 2010; Loturco et al.,
2015a; Mackata et al., 2015; Maulder and Cronin,
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2005). Another common characteristic of these
jumps is that both can be performed in single- or
double-leg stances which, along with their
simplicity, easiness of implementation, and cost-
effectiveness (i.e, jump distance may be
determined using a simple metric tape) make these
exercises very popular as alternative and indirect
forms of estimating lower-limb power in both
young and adult athletic populations (Fernandez-
Santos et al., 2015; Hudgins et al., 2013; Pullen et
al., 2022). When performed sequentially, standing
long jumps and multiple hops are normally
prescribed and tested within pre-determined and
fixed constraints (e.g., triple, quintuple or decuple
jumps) (Aoki et al., 2015, Hudgins et al., 2013;
Pereira et al, 2016), thereby facilitating the
collection and establishment of normative data for
these measurements in different sports,
competitive levels, and age categories (Coburn,
2012; Martinez-de-Quel et al., 2021; Selmi et al.,
2020). Despite these similarities, the frequency of
use of standing jumps and multiple hops among
Brazilian Olympic sprint and jump coaches is very
different: whereas 68% of them declared regularly
prescribing multiple hops, only 21% of these
coaches reported frequently using standing jumps
in their training programs (Loturco et al., 2023b).
Possible explanations for these discrepancies
include the primary utilization of static slower
jumps during the initial phases of athletes’
preparation, either as assessment routines or as a
form of basic (foundation) training, aspects that
may compromise or at least reduce their use
during competitive training periods. On the other
hand, jump coaches may also continue to prescribe
multiple hops from static positions to artificially
increase ground CT and the duration of braking
and propulsion (i.e., push-off) phases, in an
attempt to reproduce the biomechanics of the triple
jump (as horizontal speed decreases and CT
gradually increases from the hop to the jump)
(Perttunen et al., 2000). Among other things, this
may explain why multiple hops are more regularly
used than standing long jumps over the entire
training season (Loturco et al., 2023b). Generally
speaking, horizontally-oriented static drills, such
as standing long jumps and multiple hops,
executed in single- or double-leg stances, can be
effectively used to enhance acceleration capacity in
the initial stages of plyometric training and to
indirectly assess lower-limb power in athletes from

a range of sports (Brechue et al., 2010; Hudgins et
al., 2013; Weldon et al., 2022b). Athletes interested
in improving their ability to apply greater amounts
of force at slower horizontal speeds and during
longer ground CTs (e.g., triple jumpers and
athletes with a greater need for acceleration
improvements) should also include these exercises
as part of their regular training sessions.

Conclusions and Practical Implications

Hurdle, drop, box, and assisted jumps,
along with bounding, standing long jumps, and
multiple hops are the most commonly used
plyometric exercises by Brazilian Olympic sprint
and jump coaches. The extensive experience and
knowledge of these coaches may help practitioners
from different sport disciplines to better design
plyometric training programs. In general,
plyometric sessions are prescribed across the entire
training season, with higher frequency during the
preparatory period (compared to the competitive
period; 2-3 vs. 1-2 times per week, respectively).
Hurdle jumps are the most popular exercises, as
they more closely resemble the biomechanical
characteristics of sprint and jump events (and
many sport-specific tasks), thus yielding good
transference to performance. Drop jumps are
prescribed with different aims (i.e, improving
sprint speed, jumping ability, running economy),
using the RSI as a reference measure to determine
dropping height. Verbal cues have a key role in
mediating responses to drop jump training:
athletes with the intention of increasing jump
height should be instructed to maximize jump
height; athletes with the intention of improving
reactive strength should be instructed to jump as
high and as quickly as possible. Box jumps are
primarily used to reduce ground reaction forces
while landing and should be performed using
boxes regulated by the individual’s CM] height.
For box jumps, higher boxes do not represent
higher intensities and may even increase the risk of
falling. In this exercise, the intensity is determined
by the intention to execute the movement as
forcefully and as powerfully as possible. Assisted
jumps may be used as an overspeed training
method, specifically to improve the ability to
produce force at high- and very-high velocities.
The correct selection of elastic bands is essential for
the adequate and safe prescription of negative
loads. Bounding is a multiple jumping
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horizontally-oriented drill executed with the main
objective of increasing horizontal force production
and, hence, sprinting speed. Sprint bounding may
be more effective than “traditional bounding
drills” in this regard. Standing long jumps and
multiple hops may also be classified as horizontal
drills; however, these jumps are performed at
slower speeds, from static (stationary) positions.
Therefore, they can be more appropriate for
developing maximum acceleration capacity or the
ability to apply greater amounts of force during
longer CTs. In addition, these static jumps may be

used as indirect measurements of lower-limb
power, either to assess or to classify athletes from
various sports, performance levels, and age
categories. Overall, all these exercises have already
been proven to be effective in improving a range of
speed and power qualities, and may be used alone,
combined among themselves, or in combination
with other training methods (e.g., plyometrics +
resistance training). The rational used by Olympic
sprint and jump coaches along with the practical
information discussed in this article may serve as a
relevant guide for coaches of different sports and
levels.
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