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Abstract

Introduction. The stretch-shortening cycle (SSC) ability of
a muscle is responsible for sprinting and changing direction
during sports activity. Sprinting involves more fast SSC ability
while a change of direction (COD) requires both fast and slow
SSC. Post-activation performance enhancement (PAPE) is an
acute enhancement of muscular performance due to previous
muscular contraction. Heavy resistance exercises and plyometric
exercises are commonly used PAPE method, utilizing either
slow or fast SSC activity for inducing PAPE. Aim of Study. This
study aimed to examine the effect of a combination of ballistic
exercises (BE) with slow and fast SSC on sprint and COD ability.
Material and Methods. In a randomized crossover manner,
12 male university basketball players (age 21 + 1.2 years;
height 170 = 8 cm; body mass 66.8 = 7 kg; fat percentage (%)
10.2 + 2.4) performed 3 x 5 repetitions of a combination of box
jump and immediate drop jump (BDJ) or walking control after
astandard warm-up protocol. Abaseline measurement was recorded
1 minute after warm-up and post-measurement after 3 minutes of
interventions. Results. Significant large improvement in COD
performance was observed after BDJ compared to baseline
(p < 0.001, d = 0.982) and controlled conditions (interaction
effect; p = 0.006, partial n> = 0.518). While, no improvement
was found in 15 m sprint performance with baseline (p = 0.282,
d = 0.285) or controlled conditions (interaction effect; p = 0.649,
partial 1*>=0.020). Conclusions. The results of the study suggest
that warm-up followed by a BDJ protocol induces PAPE effect
and improves COD performance.
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Introduction
Basketball is a sport that involves many diverse
activities like acceleration, deceleration, and COD
during the game in response to an opposing player
or ball movement [38]. It requires players to be
exceptional in multidirectional movements such as
forward, backward, and lateral sprints [35]. Modified
agility T-test (MAT) is a modification of the T-test and
is a reliable test for assessing change of direction ability
of basketball players, as it includes forward, lateral, and
backward movements [35]. Although T-test is a widely
used agility test, it does not entirely replicate movement
patterns involved in field or court sports. The total
sprinting distance covered in T-test is approximately
40 m while the mean distance of sprints during field
or court sports is between 10 and 20 m [2]. MAT
involves a total distance of 20 m and thus replicates the
requirements of field or court sports [35].
Warm-ups are performed before sports or activity to
attain optimal performance [27] and prevent injuries
by increasing muscle temperature, nerve conductivity,
metabolic reactions [4], blood flow, elevated oxygen
consumption, and PAPE [17]. PAPE is an acute
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enhancement of muscle performance measured through
maximal strength, power, and speed following a conditioning
activity/contraction [34] performed intending to maximize
movement velocity [11]. PAPE based warm-ups have
shown to produce a small increase in jump performance and
a large improvement in sprint performance compared with
control or other warm-up activities [16].

Previous studies have suggested different forms of
heavy resistance exercise to induce PAPE in athletes,
which may not be feasible due to practical and logistical
considerations [23, 29]. Maloney et al. [24] suggested
that BE if implemented correctly can be an alternative
to high resistance exercises since maximal motor unit
recruitment can also be achieved with these exercises.
BE involves either a jumping action where the body
leaves the ground or a throwing action where the
projectile leaves the hand. Box jump and drop jump are
both BE, with slow and fast SSC involvement due to
their contraction time before the jump [36]. Combining
different BE with fast and slow SSC characteristics may
benefit activating the muscle fibers in different ways,
due to different visco-elastic properties possessed by
fast and slow-twitch muscle fibers [6].

The effect of a combination of slow and fast SSC activity
as in BDJ on the PAPE effect has not been studied. Box
jump involves a countermovement jump onto the box.
While a drop jump is attempted by dropping from the
box and attempting an immediate vertical jump for
maximum height after landing on the ground. Unlike
other PAPE methods, whose practical implementation
may be limited due to cost, or safety concerns, and
may not be afforded by teams or athletes with a limited
budget. In such cases, BDJ may be beneficial due to
its cost-effectiveness feature requiring only a box to
perform the protocol. This study investigates the acute
effect of a BDJ protocol after a warm-up on MAT and
15 m linear sprint test performance.

Aim of Study

The aim of this study was to find the effect of
a combination of fast and slow SSC on acute performance
enhancement of (a) 15 m linear sprint and (b) modified
agility T-test (change of direction ability).

Material and Methods

Subjects

A total of 18 subjects agreed to participate in the
study and were present during the familiarization and
anthropometric measurements. 12 subjects (Mean & SD;
age 21 + 1.2 years; height 170 £ 8 cm; body mass
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66.8 £ 7 kg; fat percentage (%) 10.2 + 2.4) completed
the study (Table 1). The study was conducted during
the off-season after completion of the university games.
Inclusion criteria for the study were the absence of
major lower limb injury in the past 6 months, any other
recent injury, or neuromuscular disorder which could
potentially limit performing sprints and jumps. Subjects
reported participation in plyometric training in the past.
After the explanation of the procedures, players signed
the informed consent form, confirming their voluntary
participation in the study. This study was approved by
the Departmental Research Committee of the Institute
and conducted following the Declaration of Helsinki.

Table 1. Subject characteristics

Participants

(n=12) Mean + SD Range
Age (years) 21+£1.2 19-23
Height (m) 1.7+0.8 1.6-1.9
Body Mass (kg) 66.8+7 54.3-75.3
Fat Percentage (%) 102+24 7.4-14.7
BMI (kg/m?) 22.1+1.4 19.5-23.9

Experimental approach to the problem

A within-subject randomized crossover design with
a controlled condition was used to investigate the effect
of BDJ protocol after a warm-up on MAT and 15 m linear
sprint performance. The participants were evaluated on
2 separate days in a randomized crossover manner with
aminimum interval of48 hours between sessions to avoid
carry-over effect. Both sessions were conducted in the
same period of the day (11.00 to 13.00) to minimize the
circadian effect on performance. Each subject followed
a 10-minute warm-up protocol followed by baseline
assessments. After 3 minutes of baseline assessments,
subjects either performed BDJ protocol or walked for
3 minutes (Figure 1). The post-intervention assessment
was done at approximately 3 minutes, as the PAPE
during BE has been observed with recovery duration
ranging from 1 to 3 minutes [24]. Randomization was
carried out using an online randomization tool (Www.
randomizer.org). The assessment protocol included MAT
and 15 m linear sprints in a sequential order to maintain
consistency throughout assessments, and minimize any
possible fatigue effect among variables. All assessments
were carried out in a synthetic basketball court by the
same researchers who were blind to the allocation of
intervention throughout the study.
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Practice/habituation session,
anthropometric measurements

I 48 hours

Standard warm-up Standard warm-up

l~ 1 minute ~ 1 minute l

| Baseline measurements I | Baseline measurements |

l ~ 3 minutes ~ 3 minutes l
BDJ protocol Controlled condition

Randomized

48 hours

Interventions

l ~ 3 minutes after interventions

| Post-intervention measurements |

Figure 1. A schematic diagram of the design followed in the
study

Procedure

One familiarization session was conducted for the
participants with the BDJ and test protocols to avoid
possible interferences in the results as a function of
learning and coordination of movements. Players’ fitness
characterization by anthropometric measures was
obtained the same day. Height, body mass, and body
fat percentage were recorded (Table 1). The mean daily
temperature during data collection was 28°C (82.4°F).
The participants were asked to avoid alcohol for
24 hours, caffeine for 6 hours, food for 3 hours before
the assessment, and any strenuous exercise 24 hours
prior, or between the assessment days.

On the assessment day, the subjects first underwent
a 10-minute warm-up, followed by baseline assessment,
PAPE intervention or controlled condition, and post-
intervention assessment. Warm-up started with dynamic
stretching exercises in a full kinematic range for
hamstrings, quadriceps, adductors, hip flexors, and soleus.

Table 2. The warm-up protocol followed in the study

It was followed by jogging, COD runs, repeated sprints,
acceleration sprints, and line drill (Table 2).

BDJ protocol

A box of 0.65 m height was used for the study since
a drop height of 0.65 to 0.72 m were found to have
maximum jump height without the influence of leg
strength [41]. BDJ was performed by jumping onto the
box after a countermovement and then dropping from
the box with an immediate vertical jump with minimum
ground contact time (Figure 2). Subjects performed
3 sets of 5 BDJ repetitions with a rest period of 10 seconds
between repetitions and 60 seconds between sets.

(>

1. CMJ onto box

|

3. Maximum vertical jump

2. Drop jump

Figure 2. Diagram of BDJ exercise which includes a CMJ
onto the box and an immediate drop jump

Modified agility T-test and 15 m linear sprint test

MAT was used to determine the speed with directional
changes, which included forward sprinting, left and
right shuffling, and backward running (Figure 3). The
test was administered according to the guidelines set by
Sassi et al. [35]. A pair of single beam photocell timing
system (Cronox, Madrid, Spain) was placed at the start/
finish line.

15 m linear sprint test was used to determine the
acceleration speed and assessed using two pairs of

S1. No. Activity with description Duration ~ Repetitions . Rest
interval

Dynamic stretching: exercises in a full kinematic range for hamstrings, quadriceps, .

1 . 2 minutes
adductors, hip flexors, and soleus

2 Jogging: continuous jogging at submaximal intensity 3 minutes
Shuttle runs: each shuttle run repetition consist of 3 COD runs from baseline to free .

3 . 2 minutes 3x58m 15 sec
throw line

4 Acceleration sprints: sprints from the baseline up to center line 2 minutes 3x14m 15 sec
Line drill: start from the baseline, touch every horizontal line of the court (i.e. free

5 throw line of backcourt, center line, free throw line of frontcourt and baseline of other 1 minute 1
side), and finish on the starting baseline
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25 m 2.5m

S5m
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Figure 3. Modified agility T-test. The subject runs forward
from A to B, then shuffles to C, then shuffles to the right to D,
then shuffles back to B, before running backward to the start/
finish line at A

Start / Finish

photocell timing system (Cronox, Madrid, Spain)
placed 15 m apart. In both MAT and 15 m sprint test,
the photocell timing system were placed at a height of
0.6 m and subjects started 0.5 m behind the first photocell
and were instructed to begin with their preferred foot
forward on a line marked on the floor from a standing
position. Two trials were conducted for each test with
a rest period of 1 minute between each trial and test
[32]. The best timing was selected for analysis.

Statistical analysis

Data were analyzed using IBM SPSS (version 20.0.0)
and presented as Mean + SD. Shapiro—Wilk test
approved the normality of the data. A two-way (2 x 2)
repeated measures ANOVA with time (baseline and
post-intervention assessments) and interventions (BDJ

and control) as within-within subject factors were used
for analyses. The interaction effect between time and
intervention was used for finding the effectiveness of the
BDJ protocol. A paired T-test was conducted to observe
differences between baseline and post-assessment. The
effect size of the interaction effect was calculated using
partial n? with 0.01 defining small, 0.06 medium, and
0.14 large effect. Cohen d were calculated for baseline
and post-assessment difference with 0.20 defining small,
0.50 defining medium, and 0.80 defining large effect
sizes. The level of significance for all tests was set at 0.05.

Results

Two-way repeated-measures ANOVA revealed significant
interaction effect (time x intervention: p = 0.006, partial
n?= 0.518) in MAT with a large effect size (Figure 6).
MAT performance was also significantly higher (p <0.001,
d=0.982) after BDJ protocol than baseline. No significant
interaction effect was found in the 15 m linear sprint test
(Table 3).

¢ Baseline = Post-BDJ

A A Py
) n )
] ] ]

Timing (sec)

o
tn
f

N
=)

1 1

I I I 1 1 I I I 1 I
23 456 7 8 91011 12
Subjects

Figure 4. Graphical representation of the individual
performance of MAT during baseline and post-intervention
using the BDJ protocol

Table 3. Baseline and post-intervention scores of MAT and 15 m sprint of subjects during BDJ and controlled condition

Intervention Baseline Post-intervention P-value E.S. (d) P-value E.S.(m?»)
Mean + SD Mean + SD With baseline ~ With baseline Interaction Interaction

MAT BDJ 6.532 +0.335 6.197 £ 0.348 <0.001 0.982

(sec) 0.006 1 0.518
CON 6.205+0.24 6.311 +0.307 0.267 0.384
15 - BDJ 2.491 £0.075 2.508 + 0.069 0.282 0.245

I(T;es(grm 0.649 0.020
CON 2.487 +0.088 2.494 + 0.099 0.549 0.079

Note: MAT — modified agility T-test, BDJ — box and drop jump, CON — controlled condition, E.S. — effect size, d = Cohen d, n? — partial eta
square, T significant difference compared with baseline; I significant interaction effect between BDJ and control condition
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o Baseline = Post-BDJ
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Figure 5. Graphical representation of the individual performance

of the 15 m linear sprint test during baseline and post-

intervention using the BDJ protocol

MAT
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Figure 6. Mean + SD of MAT and 15 m sprint performance

Discussion

The study aimed to find a PAPE effect through
a combination of slow and fast SSC activity (BDJ)
on MAT and 15 m linear sprint ability of university
basketball players. The study demonstrated BDJ as
an effective method of inducing PAPE during MAT
compared with a controlled condition and within-
condition baseline assessment. The findings suggest
that performing BDJ after warm-up is highly effective
in acute improvement of MAT performance as large
effect sizes were observed in the interaction and within
condition effect.

Different PAPE protocols have been used earlier to
augment power production in athletes from varying
sports, but the limitation of all those PAPE methods was
the need for heavy loading using equipment, which is
costly and has logistical as well as safety considerations.
This led researchers to find alternative ways of inducing
PAPE and overcoming those limitations. To the authors’
knowledge, plyometric exercises using alternate-leg
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bounding [44], drop jump based on vertical or horizontal
components [5, 7, 12], and a combination of ankle hops,
hurdle hops, and drop jumps [20] have been studied
for inducing PAPE in athletes. The above studies
reported that a very heavy loading preload stimulus is
not necessary for inducing PAPE. Our study supports
these findings, as BDJ including 3 sets of 5 repetitions
is found to be sufficient in inducing PAPE during MAT.
Previous studies by Petisco et al. [32], Maloney et
al. [25], and Okuno et al. [30] support our finding of
BDJ inducing PAPE during MAT. These studies used
external weight, ranging from 5% to 10% body mass
during warm-up [25], and 50% to 90% of 1 RM back
squat [30, 32] as conditioning activity which may put
an unconditioned athlete at risk of getting injured. On
the other hand, the use of BDJ protocol is safer than
its heavy resistance counterparts such as 80% or 90%
of 1 RM back squat, while also being cost-effective.
As per the authors’ knowledge, very few studies have
been conducted on the effect of conditioning activity
inducing PAPE during the change of direction ability.
Lack of studies of PAPE effects on COD ability using
plyometric exercises limits the authors to make other
possible comparisons.

Lack of electromyography recording has been a limitation
to this study, but the PAPE effect has been continuously
linked with maximal activation of the muscles involved
during the activity and is a key component in inducing
PAPE [44]. Maloney et al. [24] suggested that the
correct implementation of BE can be a substitute
for high resistance exercise since BE also seeks to
achieve maximal motor unit recruitment without
heavy and expensive equipment. BE is characterized
by jumping or throwing actions, where either the body
leaves the ground or a projectile leaves the hand. In
a BE, the braking phase found in traditional resistance
exercise 1s eliminated, which increases the relative
duration of positive acceleration facilitating greater
muscle activation and force output [28]. The motor
unit recruitment threshold is lower during a ballistic
contraction than slow ramped contraction [13, 18,
45], which enables the entire motor neuron pool to be
activated within a few milliseconds due to the strong
excitatory drive of ballistic contraction [14]. BDJ
includes two entirely different BE, a box jump, and
a drop jump, which are categorized as slow and fast
SSC, due to the duration of contraction time before the
jump [36]. Slow-twitch and fast-twitch muscle fibers
have different visco-elastic properties which allow them
to benefit differently from both slow and fast SSC [6].
Tillin and Bishop [43] also proposed that greater neural
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excitation may be facilitated with drop jump due to
its increased eccentric pre-loading components. MAT
requires the use of both fast and slow SSC during
multidirectional movements and changing directions.
This combination of slow and fast SSC ballistic activity
during BDJ could be a factor in the recruitment of
different muscle fibers [6], thus potentiating both SSC
qualities of muscle, and enhancing MAT performance.
This improvement in the MAT performance may also
be related to an acute increase of reactive strength [39]
after the BDJ protocol. Reactive strength is the ability to
change quickly from the eccentric phase to the concentric
phase during an SSC muscle action [49]. Thus, a greater
reactive strength would possibly improve the ability to
perform sudden stops and to quickly accelerate from
there [40], hence improving MAT performance. Also,
BDJ protocol utilizes both fast and slow SSC abilities
during the conditioning activity which might have
helped to better utilize the SSC during the deceleration-
acceleration transition of the COD movement.
Maloney et al. [24] suggested PAPE to be affected by the
stiffness of the muscle-tendon unit. An increase in the
stiffness at the musculotendinous unit level allows the
muscle to function in a more quasi-isometric manner,
increasing the potential for elastic recoil from the passive
state which increases force development in the active
component [31]. Thus, an increase in stiffness in the leg
would improve reactive strength measures and relative
force contribution of the SSC (i.e. passive tension to
force production) during powerful movements due to
the viscoelastic properties of the musculotendinous
unit [1, 31]. Although we did not include stiffness
measurement in the study, it is known that during
ballistic activity, the muscle-tendon unit is required to
stiffen to function effectively [31]. Plyometric training
has also been effective in enhancing the extensibility of
tendon during ballistic contractions and active muscle
stiffness during fast stretching, improving performance
during SSC activity [19].

Another finding of this study was insignificant changes
in 15 m sprint performance, which is in line with
previous studies [3, 8-10, 15, 21, 26, 42, 44, 46, 48].
These studies included plyometric as well as heavy
resistance exercises as conditioning activity, such as
double leg tuck jump, alternate leg bounding with or
without weight, resisted sled sprints, power cleans,
back squats with varied load and repetition. The sprint
distance ranged from 5 m to 40 m and recovery duration
from ~15 seconds to 16 minutes. In contrast, few studies
also reported improvement in sprint performance
using PAPE interventions [5, 7, 8, 22, 37, 44, 47]. The

208

TRENDS IN SPORT SCIENCES

interventions included sled pulls with 75% and 150%
of body mass, individualized drop jump, alternate leg
bound using a weighted vest, drop jump with 0.75 m
height, back squat, and power clean using varied load
and repetition. The distance ranged from 15 m to 100
m, and recovery duration from 1 minute to 15 minutes.
Due to these diverse findings of the previous studies,
researchers suggest using individualized PAPE protocols
for athletes. Figure 5 shows 25% of the subject did
improve in 15 m sprints, which supports the previous
observations that PAPE should be individualized when
considering linear sprints.

An important concern to be noted in our study is an
improvement in COD ability (MAT) but not in 15 m
linear sprint performance, although MAT includes
a total of 10 m linear sprints. Petisco et al. [32] had
similar findings where they observed improvement in
MAT performance but not in linear sprint performance.
As per the authors’ knowledge, the only study to
incorporate a 15 m linear sprint test as a PAPE measure
was by Winwood et al. [47] who used 15 m and 7.5 m
sled pull with loads of 75% body mass and 150% body
mass. Significant improvements were observed with
15 m sled pull with 75% body mass load and not in
7.5 m sled pull with 150% body mass. Winwood et al.
[47] suggested providing adequate recovery of about 8
to 12 minutes for improving 15 m sprint performance.
Our study provided a recovery duration of 3 minutes
from the BDJ protocol to assessment which may not be
adequate to induce PAPE in 15 m linear sprint. Another
possible reason for this finding in our study may be due
to fatigue while performing two trails of MAT before
the 15 m sprint test. This may be addressed in future
studies by conducting only linear sprint tests at different
recovery interval following BDJ protocol.

This study has shown that combining slow and fast
SSC ballistic activity provides an effective strategy for
acutely improving MAT performance. Individualization
of PAPE for COD ability may not be necessary for BDJ
protocol with appropriate box height, as all the subjects
in this study showed some improvement after BDJ
(Figure 4), although individualization of box height or
volume may be more beneficial and requires further
studies. In contrast to this, our study also supports the
previous findings that conditioning activity should be
individualized when linear sprinting is a priority.

Conclusions

The results of this study suggest that BDJ protocol,
specifically 3 sets of 5 repetitions is capable of inducing
PAPE during MAT with a short 3 minutes recovery
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duration. Although boxes with varying height have been
extensively used by many strength and conditioning
coaches to perform box jumps or drop jumps separately,
this is the first study to combine both the exercises into
one and find possible benefits. Coaches may use box
height of 0.65 m after specific warm-up to induce PAPE
and gain maximal benefits. Also, the long-term effect of
BDJ exercises on different performance measures can
be further studied.
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