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1. INTRODUCTION 

Team sport is a fast paced, dynamic 
environment that requires both high levels of 

technical skill and finely tuned physical 

qualities [1]. While skill level undoubtedly 
distinguishes between high and low level 

professional athletes[2-4], improved physical 

qualities, especially at a young age, can 

sometimes predict transfer into professional 
levels and success thereafter[5, 6].  Physical 

qualities often observed in elite team sport 

athletes include; the ability to run fast, jump 
high and an ability to absorb and re-express 

force quickly in different directions[1, 7, 8]. 

Excellence in any of these can be linked to game 
defining moments such as out jumping an 

opponent to catch a touchdown in American 

football or cutting forcefully to outsmart a 

defender in rugby. Moreover, straight sprinting 

has been shown to be the most frequent action in 

the lead up to a goal in soccer [9].  

Interestingly, all of these game changing 

movements are underpinned by an athlete‟s 

ability to express explosive power [10, 11]. 
Explosive power is a highly trainable 

characteristic and can be improved via a number 

of methods, including; heavy strength, ballistic 

and mixed method training [10, 12-14]. 
However, explosive power expressed in the 

weight room does not always transfer to an 

increase in performance on the pitch [15]. Most 
weight room training methods rely heavily on 

long ground contact times to develop maximal 

concentric muscular force [16-18]. This is in 
contrast to the short contact times of less than 

240ms observed in sprinting and jumping [19] 

where the majority of force generated comes 

from the storage and release of energy from 
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passive structures in the muscle [20-22]. 
Plyometrics are a different brand of exercise that 

offer a „link‟ between the heavy strength and 

ballistic exercises that dominate the weight 

room and the short rebounding type movements 
observed on the pitch. 

Plyometric exercise interventions have 

repeatedly shown increases in explosive muscle 
power metrics, including increases in jump 

height (JH) [23-28], power output (PO)[25, 29] 

and reactive strength index (RSI)[23-26, 29, 30]. 
However, there is an in equivalence between 

plyometric intervention studies when assessing 

game performance measures. While some 

studies report concurrent increases in linear 
sprinting and measures of agility [23, 24, 27, 

31], others report no change in these variables 

despite significant increases in JH, PO and 
RSI[24, 27]. This is interesting for two reasons. 

Firstly, while some researchers claim to be 

using plyometric exercises, many fail to report 

their use/lack of technical cues to ensure the 
exercises are being performed technically 

correct [32, 33], and secondly, many studies use 

untrained participants who will likely obtain 
muscular power adaptations regardless of 

whether the exercises are performed well or not. 

To obtain increases in „real world‟ tests such as 
sprinting there needs to be not just a change in 

muscle architecture but also an improved ability 

to utilise and express the new force capacity 

[34], through changes in the technical execution 
of certain movements. Thus, poor technical 

execution of plyometric exercises during 

interventions may explain the presence of these 
unequivocal results.   

If the poor technical skill level is the problem in 

these cases, it may leave many athletes unable to 
continue improving their elastic force 

production capabilities past those associated 

with the “novel” stimulus. In order to reduce the 

possibility of this, interventions should also 
focus on appropriate cuing and methods for 

improving technical skill [35, 36]. Proper 

plyometric technique is characterised by 
maintaining system stiffness, preparing properly 

for and executing a rapid ground contact [33, 

37-40]. However, one must not simply the 

correct execution of technique but also be aware 
of how it might be taught to others who are 

unfamiliar with it. Classic models of motor skill 

development often describe technique 
acquisition as a three-stage process [41, 42]. The 

individual first develops a motor plan of the 

movement (cognitive phase), they then attempt 

to execute this motor plan and adjust it via 
repetitions and feedback, i.e. external cuing or 

internal feeling (associative phase) before 

eventually the perfected motor plan becomes 

engrained and reflexive (autonomous phase). 
With this in mind, it is possible that the 

reflexive nature of plyometric actions may make 

it difficult for the learner to obtain adequate 
feedback and adjust their motor plan 

accordingly during the associative phase. 

A potential means by which to tackle this issue 
is to increase the flight time (FT) during jumps 

allowing the learner an increased opportunity to 

think and adjust their motor plan during 

repetitions. A greater FT would also allow 
coaches more time to observe the technical 

model presented to them during the activity and 

use appropriate cues to adjust technical 
deficiency appropriately at the time of 

execution. The use of resistance bands to assist 

the reps is an empirically supported method of 

increasing FT during vertical jumping [43]. 
Interestingly studies using assisted jumping 

have showed equivalent if not greater increases 

in JH [44-47], RSI [44] and power output [46, 
47] compared to “traditional” ground-based 

interventions. Furthermore, Khodaei, 

Mohammadi [48] and colleagues showed that a 
4 week assisted plyometric intervention was 

superior to a “common” plyometric intervention 

for improving field test measures of speed and 

agility. In addition, external assistance has been 
shown to reduce the load placed on the system 

during plyometric and jumping activities [44, 

49] potentially resulting in lower muscle 
damage/fatigue post sessions, this would be 

preferable for sport teams that have high 

volumes of fatiguing technical training. 
However, assisted plyometrics have, up to this 

point, only been considered from an over speed 

training perspective and no previous research 

has investigated their potential for skill 
development to the best of the author‟s 

knowledge. 

Thus, the current study will aim to compare the 
effectiveness of an assisted plyometric training 

intervention to a “traditional” ground-based 

intervention in producing changes in vertical 

jumping kinetics. Previous research has 
suggested that < 30% body mass unloading 

(BMU) is insufficient to generate an over speed 

stimulus [47], thus differences between groups 
across the intervention are likely to be as a result 

of the inclusion/exclusion of assistance while 

learning, rather than separate stimuli. It is 
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hypothesized that the assisted plyometrics 
intervention will display greater improvements 

in vertical jumping kinetics than the ground-

based plyometrics group following the 

intervention period. The investigation presents a 
null hypothesis that both the assisted and 

unassisted study groups will display equivocal 

changes in vertical jumping kinetics across the 
study period. 

2. METHODS 

Experimental Approach to the Problem 

The aim of this study was to compare the effects 

of assisted vs non-assisted plyometric 

interventions over a 6-week period on a number 

of explosive power performance tests including; 
countermovement jump (CMJ), drop jump (DJ) 

and sub maximal hopping (SH). Sample size 

was selected based on training group sizes 
(numbers are participants per training group not 

total participants) in previous research showing 

statistically changes inRSI [44, 50] and 

CMJJH[45, 50] (n = 11, 10 and 7 respectively). 
Following the pre-intervention testing session 

participants were randomly assigned to 2 

groups. An assisted plyometrics group (BAP; n 
= 8) who completed all the exercises in the 

intervention using resistance bands to assist 

their jumps and a traditional ground based 
plyometrics group (GBP; n = 7) who completed 

the same program but without assistance. 

Participants were assigned a number based on 

the alphabetical order of their surnames. The 
numbers were then entered as the range for a 

random number generator. The first number 

generated was assigned to the BAP group and 
the second to the GBP group and so on until all 

names had been generated. The use of a third 

group that completed no plyometric training was 
considered but it was decided that entry in the 

control group would disadvantage those players 

from potential physical development, therefore 

ethical reasoning dictated would only be two 
groups. 

2.1. Subjects 

15young male soccer players were recruited 
from the Professional Development Phases 

(Under 18-Under 17) of a prominent Football 

League One Academythrough email 

communication. Participant descriptive 
measures were as follows; Age 17.3 ± 0.6 years; 

Standing stature, 179.2 ± 5.93 cm; Mass, 96.3 ± 

6.33 kg. There were no significant differences 
between anthropometric characteristics across 

groups. Due to all participants being from the 

same soccer academy, training load was similar 
across groups for those who completed the 

study. However, there was a slight trend toward 

greater training loads in the assisted group (P = 

0.062) with training load at 25132 ± 4343 
arbitrary units (AU) and 19297 ± 5771 AU in 

the BAP and GBP groups respectively. 

Inclusion criteria were as follows; 1) Is involved 
in the football academy in question as a full-

time scholar 2) No current or previous injuries 

in the last 6 months that would prevent or hinder 
jumping ability 3) Limited previous exposure to 

specifically programmed rebound plyometrics. 

The parents/guardians and participants were 

provided information sheets detailing the 
potential risks/benefits of participating in the 

study and the participants were required to 

complete and pass a Physical Activity Readiness 
Questionnaire (PAR-Q) in order to be included. 

Participants then signed an informed consent 

form prior to commencement of the study, 

parental/guardian assent was also provided. 
Prior to commencing the study, the researchers 

set a minimum of 8 completed sessions for 

inclusion in the final analysis. This cut off was 
chosen as in previous literature a 4-week 

intervention with 2 sessions per week (8 

sessions total) appears to be the minimum 
effective dose for improving vertical jumping 

kinetics and measures of muscle stretch 

shortening adaptations[30, 51, 52]. The study 

conformed to the guidelines of the Declaration 
of Helsinki and was approved by the Cardiff 

Metropolitan University Ethics Committee.  

2.2. Testing Procedures 

Participants were familiarized to the testing 

procedures in a single session conducted at their 

football training facility one week prior to actual 
testing. A second familiarisation session was 

held at their usual strength and conditioning 

facility to familiarise them with the protocol for 

the plyometric intervention one week prior to its 
start date. Participants were randomly assigned 

to their training groups immediately after the 

initial testing session to double blind the testing. 
The testing was scheduled on a day that allowed 

for >24hr rest from vigorous training or match 

play and the participants were instructed to 

maintain normal sleep and nutritional intake 
prior to attending the session. All researchers 

were present at both testing sessions and 

verbally encouraged players to elicit maximum 
effort during data collection. All tests were 

completed within a 4-hour window on a single 

day at the participants normal football training 
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facility. Participants arrived in pairs and were 
allocated a 30-minute window to complete the 

testing. An additional hour was included for 

extended data collection time requirements. The 

tests completed were; a maximal effort CMJ, a 
50cm DJ and a 20-jump SH test to a 

metronome, all jumps were performed with 

hands on hips (akimbo) to better isolate the 
contribution of explosive leg power [53]. A 

standardized warm-up procedure (Table 1) was 

completed by each participant immediately prior 

to their testing slot and one minutes rest was 
given between tests so as to ensure maximal 

physical readiness for each test.  

Table 1: A table displaying the standardised warm-up procedure that preceded the start of each testing session 

for all participants.   

Order Exercise Reps Intensity 

1 Steady state bike 3 minutes Low a 

2 Banded squats b 10 Green band/ Bodyweight 

3 Single leg RDL 10 each side Bodyweight 

4 Alternate lunges 10 each side Bodyweight 

5 Adductor swings 10 each side Bodyweight 

6 Countermovement jump 3 50% 

7 Countermovement jump 3 75% 

8 Countermovement jump 3 90% 

Note: RDL: Romanian Deadlift. Bodyweight denotes ‘without external load’ 
a Players were instructed to work at a 5/10 rating of perceived exertion 
b Banded squats were performed with a standard resistance green mini band with players legs placed shoulder 

width apart and the band located around the knees 

2.2.1. Anthropometric Measurements  

Standing stature was assessed using a 

stadiometer (SECA, seca GmbH & Co. KG, 

Germany). Participants were instructed to 
remove their shoes, stand on the stadiometer, 

take a deep breath in and hold it until the 

measurement was completed. Body mass was 
measured using electronic scales (SECA, seca 

GmbH & Co. KG, Germany) and participants 

were instructed to remove excess items of 
clothing prior to the recording of body mass. 

2.2.2. Countermovement Jumps 

CMJ‟s were performed on a set of unilateral 

force plates (PASCO, PASCO scientific, CA, 
USA). Participants were instructed to place their 

hands on their hips (akimbo) so as to isolate 

lower body power contribution. They were 
instructed to initiate the jump by performing a 

rapid downward movement to approximately a 

quarter squat position (120° knee flexion; see 

Figure 1), then explode powerfully upward 
immediately and land upright but “absorb the 

floor” on landing. For the jump repetitions, 

participants stepped onto the plates and were 
instructed to “stand as still as you can” while the 

force plate calculated mass data. A researcher 

then counted “3, 2, 1, Jump” and participants 

were instructed to initiate their 
countermovement on the “Jump” cue. They 

were then requested to “stand as still as you 

can” again after landing. Participants were then 
allowed a moment to readjust their foot position 

prior to the next jump. Force plate data was then 

entered into an excel spreadsheet based on 
empirical research[54] where it was subject to 

further analysis to derive jump height (JH) and 

peak power output (PPO) data. All participants 

performed 3 repetitions, with their highest JH 
and PPO recorded as their test score. 

 
Figure1: A diagram showing the positioning of the shoulder, elbow, hip, knee and ankle for the desired 

countermovement jump technique that was decided on by researchers and described to participants.   
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2.2.3. Drop Jumps 

Drop jumps were performed on a contact mat 

(SMARTSPEED, Fusion Sport, QLD-
Australia). Participants stood on top of a 50 cm 

box and were instructed to put their hands on 

their hips (akimbo) and step off the box with 
their ankle angled towards the ceiling 

(dorsiflexed; see Figure 2). They were instructed 

to land with both feet and “bounce” off the floor 

minimizing ground contact time (GCT) while 
also maximizing JH as recommended in 

empirical technical models[22, 33]. Participants 
were told to drive their foot into the floor to 

initiate the rebound motion. Every participant 

completed three repetitions with 30s rest in-

between. The RSI for each jump was calculated 
in the Smart Speed phone application and their 

best RSI score of the three jumps was recorded 

as their test score. The best RSI value was then 
split into its separate components GCT and JH 

for further analysis.  

 

Figure2: A diagram showing the positioning of the shoulder, elbow, hip, knee and ankle for the desired drop 

jump technique that was decided on by researchers and described to participants.   

2.2.4. Submaximal Bilateral Hopping  

The submaximal hopping test was performed on 
a contact mat (SMARTSPEED, Fusion Sport, 

QLD-Australia). Participants were instructed to 

place their hands on their hips (akimbo) and 

stand in the center of the mat. An audible digital 
metronome was then started at 2.0 Hz and 

participants were instructed to hop to the tempo 

dictated by the metronome. Participants initiated 
their first jump using a countermovement (see 

Figure 3). Participants were not instructed to 

maximise JH or minimise GCT as the test is 

designed to enable them to self-optimise JH and 

GCT to match the metronome. Participants 
completed 20 hops per test and the average of 

their RSI score for the middle 10 was 

recorded as their test score. The average of the 
separate components of RSI (GCT and JH) 

were also averaged for further analysis. If 

both researchers agreed that the participant 

had not jumped syncronised with the 
metronome to the required standard the 

participant was asked to repeat the test. In this 

circumstance the test was only repeated once 
so as not to induce unnecessary fatigue. 

 

Figure 3: A diagram showing the positioning of the shoulder, elbow, hip, knee and ankle for the desired 

repeated hopping technique that was decided on by researchers and described to participants. 

Training protocol  

Following pre-testing, both groups were given 
two weeks of normal training as dictated by 

their strength and conditioning practitioner at 

the football academy before the intervention 

commenced. The program followed a 

progressive loading pattern with an increasing 

number of foot contacts per week based on a 
previous study by Ramírez-Campillo and 

colleagues [23] and following previous 

recommendations for beginner athletes[55]. The 

intervention exercises mirrored that of the 
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testing exercises and thus was a mixture of 
explosive ballistic (CMJ) and rebound 

plyometrics (DJ and SH), full details of the 

program are provided in Table 2. All jumps 

were performed „akimbo‟. GBP and BAP 
groups were matched for volume-load, with the 

only difference in training programs being the 

addition of resistance bands in the BAP group to 
assist their reps.  The intervention sessions were 

completed at an indoor strength and 

conditioning facility and were delivered and 
coached by members of the research group. The 

intervention exercises were completed at the 

start of the participants usual strength and 

conditioning sessions and did not interferewith 
any other aspects of their regular training 

activities. GBP and BAP groups completed 

identical sessions with the same rest between 
sessions (48 hrs) and sets (60s). 

Table 2:  A table displaying the training protocol including exercises, sets, reps and progression across weeks.   

 Volume (sets x repetitions) 

Exercise Weeks 1-2 Weeks 3-4 Weeks 5-6 

Counter-movement jumps 3 x 5 4 x 5 5 x 5 

30 cm drop-jumps 3 x 5 4 x 5 5 x 5 

Bilateral hops 5 x 10 5 x 10 5 x 10 

Total foot contacts 80 90 100 

2.2.5. Determining Assistance 

Participants were re-weighed on the first day of 

the training intervention and this was used as 

their body mass for assistance calculations. The 

resistance bands were positioned around the top 
of a standard squat rack (Figure 4) and held by 

the participants (Figure 5). This method was 

chosen in place of the traditional harness based 
system often observed in research [56] as it is 

has been shown to achieve greater FTs at the 

current studies desired unloading [43]. It is also 
more relevant to field practitioners making it 

more conducive to the scope of this study. 

Participants were told to “pull the band into the 

chest and lock the elbows in” using the cue 
“knuckles to nipples”. This process was 

completed to ensure consistency in anatomical 

location and tension of the bands while jumping. 

Participants were instructed to hold the band and 

step onto the scales where their reduced body 
mass was recorded. A coefficient of variation 

using 5 separate measurements was calculated if 

the unloading was 20-30% of body mass. If an 
un-loading of 20-30% was not achieved then the 

number and/or colour of the bands was changed 

until this was achieved.  

All players used a combination of orange and 

red bands (Perform Better, Perform Better Ltd., 
Warwickshire, UK) to generate adequate 

assistance. A breakdown of achieved un-loading 

and coefficients of variation for each player is 

provided below in (Table 3). Participants used 
the same assistance throughout the entire 

training protocol. 

Table 3: A table displaying the variation in achieved body mass unloading using the band set-up for each 

participant. 

  Body mass unloading (%) 

PP Band(s) Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 CV 

1 R 18.2 18.5 17.0 18.7 17.7 4% 

5 O x 2 20.9 20.9 20.6 19.8 20.5 2% 

6 R 18.6 19.5 18.7 18.4 18.7 2% 

7 R 21.2 22.6 20.8 19.7 20.7 5% 

9 R 20.5 21.2 20.5 21.7 21.8 3% 

10 R + O 17.9 16.2 16.9 17.3 17.7 4% 

13 R 20.2 20.4 20.1 20.1 20.5 1% 

15 R 23.5 24.3 23.2 22.7 23.3 2% 

Note: PP: Participant ID. CV: Co-efficient of variation. R: Red band. O: Orange band. 

2.2.6. Use of cueing 

As the study is focused on evaluating the 

contribution of technique development to 

changes in force/power expression, it was 

essential that consistent, effective cues were 
used and available to all participants [36, 39]. 

During all activities, the participants were 

encouraged to focus on actively dorsi-flexing 

the foot in preparation for ground contact. This 

was achieved via the cue “toes to ceiling”. 

Participants were also instructed to hold their 
foot in the dorsiflexed position for “as long as 

possible” prior to ground contact. During 

rebound jumps participants were cued to 
aggressively plantar-flex their foot into the floor 

immediately prior to ground contact. The cues 

“drive your feet into the floor” and “push the 
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floor away from you” were used for this. To 
ensure minimal ground contact time the cues 

“bounce like a ball” and be “springy off the 

floor” were used. To ensure the majority of the 

stimulus was applied to the ankle joint 
participants were cued to forcefully contact their 

quadriceps and glutes like they were “trying to 

cramp them” in order to maintain leg stiffness 
and minimise knee bend. Finally, participants 

were all encouraged to apply maximal effort to 

all jumps by using cues such as “explode 
upwards” “drive hard upwards”. All participants 

received consistent cuing from all members of 

the research team. 

2.3. Statistical Analysis 

Descriptive statistics ( ± SD), mean difference 

(95% confidence interval [CI]) and effect size 

(95% CI) are provided for pre and post-training 
intervention data. All data were checked for 

normal distribution using the Sharpiro-Wilk test, 

as well as skewness and kurtosis values and it 

was noted if normal distribution was violated. 
Separate mixed-model analysis of variance 

(ANOVAs) were used to explore potential 

significant changes in all training variables 
using group as the between subject factor (2 

levels, BAP and GBP) and time as the within 

subject factor (2 levels, pre-test and post-
test).Thus, all models were 2 way (group x 

time). Ryan-holm Bonferroni stepwise adjusted 

post hoc tests were used to determine the origin 

of any significant effects revealed by the 
ANOVA. For non-normal data, stepwise 

adjusted Wilcoxon Signed Rank tests were used 

where appropriate. Statistical significance was 
accepted at the alpha levelp≤ 0.05. Descriptive 

statistics and post hoc tests were completed in 

Microsoft Excel
®
, whereas all other analysis 

was carried out using SPSS V23.0 for windows 

(SPSS
®
, IBM Corp., United Kingdom). 

3. RESULTS 

Inclusion and exclusion from analysis 

Over the course of the study 2 participants failed 
to meet the minimum session attendance. One 

participant was unable to complete adequate 

sessions due to a back injury. The second 

participant was frequently called into the older 
age groups for training and therefore was unable 

to attend enough sessions. Participant 

recruitment, dropout and session attendance 
figures are presented below (Figures 6 and 7). 

3.1. Countermovement Jump 

3.1.1. Jump Height (JH) 

Post-test CMJ JH was found to be non-normal 

in nature. Despite this, kurtosis and skewness 

values were deemed to be acceptable and thus 

parametric tests were used to compare this data 
to the pre-test. Pre-test CMJ JH was 0.26 ± 

0.045 m and 0.27 ± 0.022 m in the BAP and 

GBP groups respectively. This increased to 0.40 
± 0.076 m (Mean Difference [MD] = 0.13 m [CI 

= 0.09-0.17]) and 0.37 ± 0.073 m (MD = 0.10 m 

[CI = 0.06-0.15]) in the post-test respectively. The 

ANOVA showed a significant main effect of time 
(F(1,11) = 58.53, p< 0.01) but did not show a 

significant interaction effect (F(1,11) = 1.01, p = 

0.33) or a significant main effect of group (F(1,11) = 
0.07, p = 0.80). Post-hoc testing showed a 

significant increase in JH pre vs post-testing for 

both the BAP (p < 0.01; Effect size [ES] = 2.11 
[CI = 1.21 to 3.01]) and GBP (p < 0.01; ES = 1.87 

[CI = 0.77 to 2.97]) groups (see Figure 8). 

 
Figure 4: Graphs showing the change in CMJ JH from pre to post testing following the training intervention. 
Bars represent the mean change for each group and the black lines represent individual responses. Graph A = 

BAP group and B = GBP group. * denotes a significant difference (p< 0.01) pre vs post-test. NB: BAP = Band 

assisted plyometrics. GBP = Ground based plyometrics. CMJ JH = Countermovement jump height. 

3.1.2. Relative Peak Power Output (RPPO) 

Pre-test CMJ RPPO was 46.16 ± 5.900 W.kg
-1

 
and 46.35 ± 7.889 W.kg

-1
 in the BAP and GBP 

groups respectively. This increased to 57.31 ± 

7.411W.kg
-1

 (MD =11.15 W.kg
-1

 [CI = 8.00-

14.3]) and 54.85 ± 4.195W.kg
-1
 (MD 

=8.50W.kg
-1

[CI = 3.71-13.29]) in the post-test 
respectively. The ANOVA showed a significant 
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main effect of time (F(1,11) = 47.28, p< 0.01) but 
did not show a significant interaction effect 

(F(1,11) = 0.86, p = 0.37) or a significant main 

effect of group (F(1,11) = 0.12, p = 0.74). Post-hoc 

testing showed a significant increase in RPPO 
pre vs post-testing for both the BAP (p = 0.01; 

ES = 1.67 [0.99 to 2.34]) and GBP (p = 0.05; ES 

= 1.35 [0.35 to 2.34]) groups (see Figure 9). 

 

Figure 5: Graphs showing the change in CMJ RPPO from pre to post testing following the training 

intervention. Bars represent the mean change for each group and the black lines represent individual responses. 

Graph A = BAP group and B = GBP group. * denotes a significant difference at p< 0.01 and ¶ denotes a 

significant difference at p< 0.05 pre vs post-test. NB: BAP = Band assisted plyometrics. GBP = Ground based 

plyometrics. CMJ RPPO = Countermovement relative peak power output. 

3.1.3. Drop Jump 

Pre-test DJ RSI was 1.36 ± 0.444 and 1.58 ± 

0.469 in the BAP and GBP groups respectively. 

This decreased to 1.34 ± 0.290 (MD = -0.02 [CI 
= -0.28-0.24]) and increased to 1.98 ± 0.359 

(MD =0.40 [CI = 0.05-0.75]) in the post-test 

respectively. The ANOVA did not show a 

significant main effect of time (F(1,11) = 3.05, p = 
0.11) or interaction effect (F(1,11) = 3.78, p = 

0.08), but did show a significant effect of group 

(F(1,11) = 5.09, p = 0.05). Post-hoc testing showed 
that while neither the BAP or GBP groups 

significantly increased DJ RSI from pre to post-

intervention (p = 0.88 and ES = -0.06 [-0.93 to 

0.82]; p =0.15 and ES = 0.97 [-0.48 to 2.41] 
respectively [see Figure 10]) the GBP group had 

a significantly higher DJ RSI compared to the 

BAP group in the post-test (p < 0.01; ES = 1.97 

[ 0.74 to 3.19]) while no significant difference 

existed in the pre-test (p = 0.41; ES = 0.47 [-
0.74 to 1.69]; see Figure 11). When the 

ANOVA was run with GCT it revealed a 

significant effect of time (F(1,11) = 6.85, p = 0.02) 
and group (F(1,11) = 4.86, p = 0.05) but no 

significant interaction effect (F(1,11) = 0.19, p = 

0.67). The ANOVA for JH revealed no 

significant effect of time (F(1,11) = 2.51, p = 
0.141), group (F(1,11) = 0.02, p = 0.90) or 

interaction (F(1,11) = 1.10, p = 0.316). When post-

hoc tests were run it revealed a significant 
difference between the groups in the post-test 

for GCT. No other changes were significant (see 

Table 4).  

Table 4: A table showing the pre-test means (± SD), mean changes displayed with 95% CI and the significance 

level of pre- versus post- mean change during the DJ. 

Group Test Pre-test mean Mean difference (95% CI) P value (ES [95% CI]) 

BAP GCT (s) 227.6 ± 91.13 -35.1 (-86.68 to 16.40) a p = 0.23 (-0.46 [-1.29 to 0.38]) 

 JH (cm) 35.0 ± 5.32 -3.5   (-7.27 to 0.28) p = 0.12 (-0.68 [-1.61 to 0.24]) 

GBP GCT (s) 220.2 ± 26.50 -49.2 (-80.79 to -17.54) a p = 0.06 [-1.78 (-3.64 to 0.08]) 

 JH (cm) 33.9 ± 6.52 -0.7   (-4.18 to 2.76) p = 0.71 [-0.14 (-1.03 to 0.75)] 

Note: DJ: Drop jump. SD: Standard deviation. CI: Confidence interval. ES: Effect size. BAP: Band assisted 
plyometrics. GBP: Ground based plyometrics. GCT: Ground contact time. JH: Jump height. 
a Significant difference between BAP and GBP groups in the post-test (p = 0.04; ES = -1.5 [-3.00 to -0.04]) 
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Figure 6: Graphs showing the change in DJ RSI from pre to post testing following the training intervention. 

Bars represent the mean change for each group and the black lines represent individual responses. Graph A = 

BAP group and B = GBP group. NB: BAP = Band assisted plyometrics. GBP = Ground based plyometrics. DJ 
RSI = Drop jump reactive strength index. AU = Arbitrary Units. 

 
Figure 7: Graph showing the mean change in DJ RSI from pre to post testing following the training 
intervention. Values are presented as means with standard deviation error bars. * denotes a significant 

difference at p< 0.01 between BAP and GBP. NB: BAP = Band assisted plyometrics. GBP = Ground based 

plyometrics. DJ RSI = Drop jump reactive strength index. AU = Arbitrary Units. 

Submaximal Hopping  

Pre-test SH RSI was 0.86 ± 0.152 and 0.82 ± 
0.298 in the BAP and GBP groups respectively. 

This increased to 0.90 ± 0.106(MD = 0.04 [CI = 

-0.07-0.16]; ES = 0.27 [-0.89 to 1.43]) and 0.91 
± 0.103 (MD = 0.09 [CI = -0.12-0.30]; ES = 

0.41 [-0.83 to 1.65]) in the post-test respectively 

(see Figure 12). The ANOVA did not show a 
significant main effect of time (F(1,11) = 1.13, p = 

0.31) or group (F(1,11) = 0.03, p = 0.87) and did 

not display any interaction effect (F(1,11) = 0.23, 

p = 0.65). When the ANOVA was run with 

GCT it revealed no significant effect of time 
(F(1,11) = 2.63, p = 0.13), group (F(1,11) = 0.08, p = 

0.79) or interaction effect (F(1,11) = 0.25, p = 

0.63). The ANOVA for JH revealed no 

significant effect of time (F(1,11) = 0.88, p = 
0.37), group (F(1,11) = 0.32, p = 0.57) or 

interaction (F(1,11) = 0.68, p = 0.43) see Table 5 

for means and mean changes. 

 

Figure 8: Graphs showing the change in SH RSI from pre to post testing following the training intervention. 

Bars represent the mean change for each group and the black lines represent individual responses. Graph A = 

BAP group and B = GBP group. NB: BAP = Band assisted plyometrics. GBP = Ground based plyometrics. SH 

RSI = Submaximal hopping reactive strength index. AU = Arbitrary Units. 

Table 5: A table showing the pre-test means (± SD), mean changes displayed with 95% CI during SH. 

Group Test Pre-test mean Mean difference (95% CI) P value (ES [95% CI]) 

BAP GCT (s) 167.4 ± 16.57 -7.04   (-18.25 to 4.16) p = 0.26 (-0.53 [-1.59 to 0.52]) 

 JH (cm) 14.2 ± 1.20  0.06    (-1.06 to 1.19) p = 0.91 (0.06 [-1.18 to 1.29]) 

GBP GCT (s) 172.9 ± 32.35 -13.33  (-36.66 to 9.99) p = 0.31 (-0.56 [-1.84 to 0.7 

 JH (cm)  13.3 ± 2.69 1.01     (-1.05 to 3.08) p = 0.38 (0.51 [-0.85 to 1.87]) 

Note: SH: Submaximal Hopping. SD: Standard deviation. CI: Confidence interval. ES: Effect size. BAP: Band 
assisted plyometrics. GBP: Ground based plyometrics. GCT: Ground contact time. JH: Jump height.  

4. DISCUSSION 

Whilst the benefits of assisted jumping are well 

documented from an over speed perspective, its 

application and effectiveness as a skill 
development tool are relatively unknown. This 

was the first study to evaluate whether assisted 

jumping with a reduced over speed stimulus 
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(BMU < 30 %) could produce greater changes 
in vertical jumping kinetics than a similar 

unassisted program. Both BAP and GBP groups 

significantly improved leg power measured by 

CMJ JH (MD = 0.13 m [CI = 0.09-0.17]; ES = 
2.11 [1.21 to 3.01] and MD = 0.10 m [CI = 

0.06-0.15]; ES = 1.87 [0.77 to 2.97] 

respectively) and RPPO (MD = 11.15 W.kg-1 
[CI = 8.00-14.3]; ES = 1.67 [0.99 to 2.34] and 

MD = 8.50 W.kg-1 [CI = 3.71-13.29]; ES = 1.35 

[0.35 to 2.34] respectively). Additionally, 
neither group significantly improved reactive 

leg strength measured by change in DJ (MD = -

0.02 [CI = -0.28-0.24]; ES = -0.06 [-0.93 to 

0.82] and MD = 0.40 [CI = 0.05-0.75]; ES = 
0.97 [-0.48 to 2.41] respectively) and SH RSI 

(MD = 0.04 [CI = -0.07-0.16]; ES = 0.27 [-0.89 

to 1.43] and MD = 0.09 [CI = -0.12-0.30]; ES = 
0.41 [-0.83 to 1.65] respectively). However, 

there was a significant difference in favour of 

the GBP group compared to the BAP group in 

the post-test DJ RSI (p < 0.01; ES = 1.97 [0.74 
to 3.19]), where no such difference had existed 

in the pre-test. Overall, these results show that 

while the participants in this sample 
successfully improved leg power, the 

interventions effect on reactive strength was 

inconclusive. Moreover, neither group was 
superior in their change in any of the variables, 

leading the author to accept the null hypothesis. 

The increase in CMJ JH indicates that the 

intervention substantially increased ballistic leg 
power in this population, which agrees with 

previous research evaluating the effects of 

„traditional‟ plyometric and ballistic combined 
programs on leg power [23, 24, 27]. Indeed, 

Thomas, French [27] and colleagues showed 

that a six week intervention with two sessions 
per week resulted in moderate to large changes 

in CMJ jump height when using either DJ or 

CMJ focused conditions (ES = 0.7 and 1.3). 

Although these changes are substantially lower 
than the current study (ES = 2.11 [1.21 to 3.01]; 

ES = 1.87 [0.77 to 2.97] for BAP and GBP 

respectively) this is likely due to the current 
study combining the two exercises into the 

intervention, whereas the aforementioned study 

used them in isolation. The assisted group data 

is harder to compare as no data currently exist 
using similar plyometric, ballistic combination 

interventions and noting CMJ JH as an outcome 

variable. However, ballistic only CMJ focused 
programs are well established at improving CMJ 

JH which agrees with the findings in the BAP 

group [45-47, 49]. Interestingly, this is despite 

the current studies use of low BMU to reduce 
the over speed training stimulus. However, 

Argus, Gill [49] and colleagues also managed to 

show small (6.7 ± 9.7 %) increases in jump 

height over a 4 week period with a similar 
training group size (n = 9) in a sample of rugby 

players. This increase is lower than the current 

studies (52 ± 22 %), although again this is likely 
a product of the inclusion of plyometric drills 

alongside the CMJ during the intervention 

period. 

On the other hand, the study failed to show a 

significant improvement in JH relative to the 

unassisted condition as other studies have done 

previously [45, 49]. Sheppard, Dingley [45] and 
colleagues showed a significant improvement in 

their assisted CMJ condition relative to their 

unassisted condition following a 5-week 
intervention in a sample of seven junior 

volleyball players. A possible explanation for 

this in equivalence is the current study‟s use of a 

deliberately low assistance level to remove over 
speed training effects. Although, while the 

Sheppard study used an absolute assistance of 

10 kg, further calculations based on the mean 
body mass of their sample (84 ± 7.2 kg), show 

that assistance level in the study was only 11-

14% BMU, 6-9 % lower than the current study. 
A caveat to this comparison is that the current 

study used a combination of plyometric and 

ballistic exercises while the Sheppard study 

used ballistic only. Ballistic only methods with 
such low BMU would result in similar 

mechanical load across conditions [43]. 

Plyometric and ballistic hybrid programs would 
likely lend themselves towards greater 

mechanical loading in an unassisted group due 

to the use of bands in an assisted group during 
the DJ. The bands likely decelerated participants 

during the initial drop during the DJ, reducing 

heavy impact eccentric stretch loads. 

Improvements in JH are governed on some level 
by changes in neuromuscular function [57] and 

thus rely in part on mechanical training load 

[58]. Therefore, the higher mechanical load in 
the GBP group may have cancelled out some of 

the advantage of the BAP group, thus resulting 

in equivalent results, despite BAP improving 

marginally more than GBP (52 ± 22 % vs 46 ± 
37 %respectively). 

Further to the increase in JH, there was also a 

significant increase in RPPO across conditions, 
which again agrees with previous literature for 

unassisted [25, 29] and assisted [45, 49] 

conditions. This possibly resulted from the 
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progressive increase in foot contacts per week 
stimulating muscle level adaptation and 

improvements in neuromuscular coordination 

[59]. However, as no physiological measures 

were taken this is only speculation.  

The lack of between group changes again makes 

the findings of this study different to those 

previously published comparing assisted and 
unassisted jumping [45, 49]. As before, it is 

difficult to unpick the inequivalence of these 

data due to there being no directly comparable 
research using ballistic, plyometric combination 

programs. Interestingly, both groups followed 

similar patterns when comparing the mean 

differences in RPPO and JH as percentage 
change (JH MD = 52 ± 22 % and 46 ± 37 %; 

RPPO MD = 24 ± 10 % and 20 ± 17 % for BAP 

and GBP respectively). Despite no regression or 
significance analysis being run to compare these 

data, on visual inspection it would seem that the 

relative increase in RPPO is much lower than 

the increase in JH. Therefore, another factor 
may have also contributed to the large increase 

in JH across the study. The participant samples 

were deliberately selected to be „novice‟ 
jumpers and thus a change in jumping technique 

possibly played a large role in the changes in 

JH. Indeed, previous literature has shown that 
clear and focused cuing can improve jumping 

technique in inexperienced jumpers over short 

time periods [36], although interestingly, it 

would appear that, research evaluating the 
effects of cueing on CMJ kinematics in novice 

athletes is conspicuous by its absence. Overall, 

it is clear that both the assisted and unassisted 
methods used in this investigation are sufficient 

to induce increases in leg power and jump 

height over a short 6-week period in youth 
football players. Further research could also 

look to unpack the relative contributions of 

physiological adaptations vs skill development 

and whether focused cuing has a chronic effect 
on CMJ technique. 

In contrast to the CMJ, DJ RSI showed no 

significant change in either group, a finding that 
is in stark contrast to previous literature 

investigating band-assisted [44] and unassisted 

conditions [25, 26, 29], even in similar sample 

groups [23, 24, 30, 50]. Indeed, Ramírez-
Campillo, Henríquez-Olguín [23] and 

colleagues showed that a similar (combination 

of ballistic and plyometric jumps) 6-week 
program in a similar population (youth football 

players) produced a significant increase (36.1 % 

[1.7 to 82.3], p ≤ 0.05) in DJ RSI compared to 

the non-significant change across both groups (4 
% [-13 to 21], p = 0.23 and 31 % [7 to 56], p = 

0.15) in the current study. It is difficult to 

pinpoint the exact reasons for the unequivocal 

findings in this study, although the fact that it 
was completed in-season may have limited 

potential adaptations due to high volumes of 

cardiovascular football training load. 
Cardiovascular adaptations have been linked in 

the past to a reduction in strength/power gains in 

a number of different populations [60]. 
However, other studies have shown that is 

possible to induce increases in RSI in-season in 

young soccer players [23, 24]. Although a 

caveat here would be that one of the 
interventions [24] used very low volume, (60 

contacts) and high intensity (20, 40 and 60cm 

drop) exercises which would have induced 
much faster changes in RSI [38].  

While the other study [23] started on a higher 

volume of contacts (120 vs 80 in the current 

study) and had a weekly increase in volume, in 
contrast to the bi-weekly increase observed in 

the current study. Given that the comparable 

training group in the current study (GBP) were 
close to significance (p = 0.15) it is possible that 

a weekly increase in volume and higher starting 

number of contacts might have been what was 
needed to produce significant change. Indeed, 

mechanical loading is especially important for 

inducing changes in the elastic recoil properties of 

the musculotendinous complex that underpin RSI 
[61]. 

The lower than expected change in DJ RSI 

could also be due to the low BMU the study 
used, resulting in a FT that was too short. 

Previous research has shown that a 40 % BMU 

produced a FT 20% longer and a 30 % BMU 
produced a FT 10% longer than the 20 % BMU 

that was used in the current study when using 

the same field based method 43]. Therefore, the 

generated FT in the current study may not have 
allowed participants adequate time to adjust and 

implement the cues given to them. This 

acquisition and interpretation of feedback during 
reps is especially important in early stage 

learning to transfer the motor plan towards a 

more autonomous execution [41, 42]. However, 

when the change in RSI is broken down into 
changes in GCT and JH a different picture 

emerges. Both groups showed moderate 

reductions, albeit insignificant, in GCT (MD = -
35 ms [CI = -90.81 to 20.53, p =0.23]; ES = -

0.46 [-1.29 to 0.38] and MD = -49 ms [CI = -

83.82 to -14.52, p = 0.06]; ES = -1.78 [-3.64 to 
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0.08]) alongside subsequently moderate (MD = -
3.50 cm [CI = -7.27 to 0.28]; ES = -0.68 [-1.61 

to 0.24]) and small (MD = -0.71 cm [CI = -4.18 

to 2.76]; ES = -0.14 [-1.03 to 0.75]) , decreases 

in JH in BAP and GBP groups respectively. 
This is especially relevant as a reduction in GCT 

is potentially more indicative of plyometric skill 

development than a larger JH [40, 62]. Indeed, 
as Pedley, Lloyd [33] and colleagues showed, an 

athlete can produce a significantly greater jump 

height with poor plyometric technique (large 
knee bend, GCT > 250 ms), compared to a jump 

with good plyometric technique (minimal knee 

bend, GCT < 250 ms). Moreover, while changes 

in GCT are partly driven by musculoskeletal 
adaptations [36, 61] they are equally affected by 

proper foot positioning and movement skill [33, 

40, 62]. Thus, the observed reduction GCT in 
both groups shows that despite our initial 

hypothesis GBP and BAP may be equally valid 

for improving plyometric skill, so long as proper 

coaching and cuing is emphasized. However, 
while changes in GCT are difficult to achieve 

solely through mechanical loading of the 

musculotendinous unit, it is true that greater 
mechanical loading greatly effects changes in 

reactive leg strength [61, 63] and it is equally 

likely that the GBP groups equivalent decrease 
in GCT may have resulted from a potentially 

higher exposure to mechanical loading (due to 

them not using bands during the DJ) during the 

intervention. 

Moreover, if the GBP group did experience 
greater reactive jumping load, it may explain the 

significant difference between the GBP and 

BAP groups in the post test for DJ RSI. While 

previous data suggests that assisted ballistic 
only jumping may result in a slight increase in 

landing forces as BMU increases [43, 47], as 

mentioned previously assisted DJs are likely to 
display an opposite trend. Addition of bands 

would may slow the decent during a DJ, 

reducing landing impact forces for the BAP 

group as drop height remained equal. While 
assisted jumping kinematics suggests that the 

BAP group would have attained higher impact 

forces on the second landing due to the bands 
accelerating JH, these would likely be much 

lower due to the slow absorptive, eccentric only 

nature of the landing. This is opposed to the 
combination of rapid eccentric and expressive 

concentric nature of the rebound where the GBP 

possibly experienced greater forces. On visual 

inspection the GBP group decreased DJ JH by 
less than the BAP group, suggesting that the 

larger mechanical load may have stimulated 

subtly greater leg power adaptations and 
resulted in the between group difference in RSI 

[61]. However, as there is no current research 

directly evaluating changes in DJ kinetic profile 

in assisted vs unassisted conditions this point is 
restricted to speculation and future studies may 

wish to address this. Additionally, researchers 

might look to replicate the current investigation, 
adding a second 6-week period with both groups 

using GBP method and see whether the original 

BAP group progresses further due to a greater 
ceiling for mechanical adaption on the back of 

improved technical proficiency. The addition of 

kinematic data alongside kinetic data in the 

testing might also give a more holistic insight 
into overall changes in performance. Overall, it 

is possible to conclude from the data available 

that both assisted and unassisted conditions 
were equally effective at reducing GCT and 

eliciting changes in RSI in the DJ in young 

football players. 

Despite both BAP and GBP groups showing 

positive changes in RSI (MD = 0.04 [CI = -
0.07-0.16]; ES = 0.27 [-0.89 to 1.43] and MD = 

0.09 [CI = -0.12-0.30]; ES = 0.41 [-0.83 to 1.65] 

respectively), moderate reductions in GCT (MD 

= -7.04 [-18.25 to 4.16]; ES = -0.53 [-1.59 to 
0.52] and MD = -13.33 [-36.66 to 9.99]; ES = -

0.56 [-1.84 to 0.72] respectively) and small to 

moderate increases in JH (MD = 0.06 [-1.06 to 
1.19]; ES = 0.06 [-1.18 to 1.29] and MD = 1.01 

[-1.05 to 3.08]; ES = 0.51 [-0.85 to 1.87] 

respectively) in the SH test, none of the changes 
were significant. This is in contrast to previous 

literature showing significant increases in RSI 

and other variables related to leg stiffness during 

submaximal hopping following plyometric 
training in similar populations [30, 64]. Indeed, 

Hammami, Granacher [64] and colleagues 

showed that a short (4 week) plyometric 
intervention produced significant improvements 

in absolute leg stiffness in a sample of young 

soccer players. However, neither of the studies 

showing positive changes [30, 64] can be 
matched exactly to the current study for training 

protocol (number of contacts, volume-load 

progression etc.), exercise selection (ballistic, 
single leg variations etc.), or subject 

characteristics (age, training history etc.), 

making direct comparison difficult. In reality, 
slight discrepancies in training protocol and 

exercise selection are common [32] and most 

studies (including the current study) follow 

subtly different empirical recommendations on 
volume load and exercise progression and 

equivalence between findings is still usual. 
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However, what makes this study different to 
those previously published is a significant 

difference in subject characteristics. Plyometric 

adaptation is highly age dependent and is 

different depending on biological maturity in 
youth, with some lower age bands experiencing 

greater adaptation than higher ones, mainly due 

to a higher trainability ceiling [65]. Indeed, both 
studies showing improvements in SH 

parameters used 12-15-year-old boys whereas 

the sample population in the current study 
ranged from 17-18 years old. Indeed, despite the 

participants being relative novices to actual 

jump focused training, in reality they have all 

been playing a sport that comprises heavily of 
„plyometric‟ activities (sprinting, jumping etc.) 

for a number of years. This would most likely 

result in stretch shortening adaptations at some 
level and therefore inducing further change may 

take longer, more complex training 

interventions than seen in the current study. 

Further to this, the current studies novel use of 
band assistance, compounds the issue of non-

comparable research as no study currently exists 

evaluating the effect of band assisted 
plyometrics on submaximal hopping parameters. 

The equivalence between groups in terms of 
changes in SH parameters is especially 

interesting given the slight trend towards the 

GBP group being superior in the DJ. Sub 
maximal hopping is generally a more skill-based 

examination of one‟s plyometric ability due to 

the cyclical phases of pre-activation (foot/ankle 
positioning), ground contact initiation (driving 

foot into floor) and elastic energy release 

(stretch reflex). Indeed, if one were to examine 

the DJ and SH tests from a motor skill 
perspective the DJ is an examination of one‟s 

ability to recall and execute the motor skill in a 

closed condition (large planning period prior to 
single-rep, same drop height), whereas the SH 

test is more a test of one‟s ability to repeatedly 

execute the motor plan in an open environment 

(subtle changes in JH depending on previous 
rep, low planning period between reps) and 

requires autonomous motor plan recall. Thus, 

based on motor learning theory [41, 42] while 
the DJ is still a measure of learned skill and 

requires some autonomy in motor plan recall, 

the SH test may be a truer measure of skill 
retention and an ability to adjust the motor plan 

effectively. Indeed, it may therefore be harder 

therefore to enhance SH ability through 

physiological stretch reflex adaptations alone. 
Therefore, the equivalence across groups in the 

SH test and trend towards greater scores in the 

DJ is potentially evidence in these results that 
the band assisted condition produced more 

favourable skill adaptations, while the 

unassisted condition produced more muscle 

level adaptations. However, this is purely 
speculation and further research examining 

kinematic changes at the knee and ankle are 

required to confirm this. 

Finally, further to the above point, the lack of 
significant change in the SH test for the BAP 

group may also have been attributed in part to 
the addition of the bands in their SH while 

training. Indeed, previous data evaluating 

kinetic profiles of assisted CMJ jumps found 

that the „field based‟ method employed in this 
study resulted in higher JHs and greater landing 

forces compared to bodyweight at 20 % BMU 

[43]. Due to the self-optimising nature of the SH 
test, the JH achieved with each rep is supposed 

to represent the optimal drop height for a shorter 

GCT for the individual. Thus, it is possible that 

the addition of bands meant that the BAP group 
were practicing this skill outside of their optimal 

range for drop height, causing greater landing 

forces and interfering with fast stretch shorting 
responses. Therefore, while the GBP groups 

were practicing for 6 weeks in optimal test 

conditions the BAP groups were not. Moreover, 
the addition of bands to a very fast cyclical skill 

may have been too much for participants in the 

BAP to think about, interfering with their 

internal feedback mechanisms and disrupting 
learning. This is an interesting consideration for 

future researchers as they may want to replicate 

the study but remove assistance from the SH 
during the training intervention for both groups 

allowing the BAP group to practice at self-

optimal JH. However, as mentioned before, due 
to no existing literature examining the kinetic 

profiles of assisted SH, this interpretation is 

only speculating. In reality, the only evidence 

backed conclusion the authors are able to draw 
from the current data is that the BAP and GBP 

groups responded equivocally to the training 

intervention in terms of SH performance. 
Moreover, it remains unclear as to whether the 

lack of significant change in both groups is linked 

to age dependent adaptations and thus whether 

more time, different exercises of greater load was 
needed to produce changes. This is something 

future research should look to address. 

5. CONCLUSION 

In conclusion these data in the current study 

show that a 6-week combined plyometric and 
ballistic progressive volume-based training 
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intervention is sufficient to induce positive 
changes in leg power measured via a CMJ in a 

youth football population in both assisted and 

unassisted conditions. However, the intervention 

failed to produce positive changes in reactive 
leg strength in either group in both the DJ and 

SH tests. There are many potential reasons for 

this, including but not limited to, insufficient 
mechanical load, biological maturity of the 

participants and potential conflicting factors 

arising from the selected band assistance. This 
study was the first of its kind to assess all three 

tests (CMJ, DJ, SH) in a single study to assess 

differences in vertical jumping kinetics between 

assisted and unassisted conditions following a 
training intervention. Further research should 

consider replication of the current study and 

confirm the findings across both conditions as 
well as exploring the reasons for the lack of 

difference between assisted and unassisted 

conditions. There is a plethora of current 

literature examining the effects of band 
assistance on ballistic vertical jump parameters, 

however similar studies investigating the 

potential of assisted vertical plyometrics is 
comparatively lean. Further studies are required 

to fully investigate (physiological adaptations, 

changes in kinetics with varying assistance and 
kinematic changes) the potential of assisted 

plyometrics as a coaching and training tool for 

improving vertical jumping kinetics in sporting 

populations. 

Practically, these data suggest that the inclusion 
of some ballistic and plyometric jump-based 

drills during the in-season period can result in 

significant increases in leg power and jump 

height in both band-assisted and unassisted 
groups. These adaptations can be achieved 

across a relatively short (6 week) period and 

will positively affect young football players 
from a sport development standpoint[ 23, 28, 

50], while also previously being linked to 

reduced injury risk in soccer [66, 67]. 

Interestingly, the study showed that there was 
minimal difference between assisted and 

unassisted conditions in any of the training 

variables measured. Thus, these data provide the 
first evidence that combined assisted plyometric 

and ballistic jumping methods could be a useful 

and equally effective tool compared to the 
„traditional‟ unassisted method to enhance 

jumping ability in young football players. 

Moreover, should sporting practitioners wish to 

use band assistance to enhance their coaching 
and cuing process through increased flight time 

and with minimal overspeed stimulus[46], the 

current data suggest that at the very least this 
wouldn‟t have a detrimental effect on 

performance.  

Alternatively, the results of this study open a 

question of whether assisted plyometrics should 

be incorporated as part of a „long term plan‟ for 
plyometric development. There is potential that 

band assistance may reduce mechanical load 

allowing players to learn and experience 

stressful plyometric exercises such as the drop 
jump, without overt levels of fatigue. This is 

especially relevant to team sports practitioners 

who may wish to balance the soreness and 
fatigue usually synonymous with „classic‟ 

ground based plyometrics [68, 69] with the high 

levels of volume and fatigue associated with 
technical training. Indeed, this makes assisted 

plyometrics an attractive avenue to introduce the 

exercises to beginners without compromising 

performance gains. Practitioners might want to 
use assisted methods at the start of a program 

using a progressive volume-based approach 

before incorporating „classical‟ plyometrics with 
a reduction in foot contacts in a „wave like‟ 

fashion. Thus, gradually „priming‟ the players 

for higher intensity, reducing injury risk and 

creating optimal conditions for development 
[70]. Finally, the current study did not use the 

harnesses that are commonly employed in 

scientific research on assisted jumping and 
instead opted for more the practically relevant 

method of bands looped over a squat rack [43]. 

Therefore, practitioners can be confident that the 
results of this study are directly transferable to a 

real-world environment and will not require the 

purchase and installation of expensive harness-

based rig systems to assist jumping.  

ACKNOWLEDGEMENTS  

The authors would like to thank the staff and 

players at Bristol Rovers FC Academy for 
dedicating their time and effort to the study. 

REFERENCES 

[1] Gabbett, T.J., D.G. Jenkins, and B. Abernethy, 

Relationships between physiological, 

anthropometric, and skill qualities and playing 

performance in professional rugby league 
players. Journal of Sports Sciences, 2011. 

29(15): p. 1655-1664. 

[2] Mann, D.T., et al., Perceptual-cognitive 

expertise in sport: A meta-analysis. Journal of 

Sport and Exercise Psychology, 2007. 29(4): p. 

457-478. 

[3] Ward, P. and A.M. Williams, Perceptual and 

cognitive skill development in soccer: The 

multidimensional nature of expert performance. 



The Effect of Two Different Assisted Plyometric Programmes on Vertical Jumping Kinetics in Young 

Male Football Players 

 

ARC Journal of Research in Sports Medicine                                                                                        Page | 31 

Journal of Sport and Exercise Psychology, 

2003. 25(1): p. 93-111. 

[4] Williams, A.M., et al., Visual search strategies 

in experienced and inexperienced soccer 

players. Research Quarterly for Exercise and 

Sport, 1994. 65(2): p. 127-135. 

[5] Pearson, D., G.A. Naughton, and M. Torode, 

Predictability of physiological testing and the 

role of maturation in talent identification for 

adolescent team sports. Journal of Science and 

Medicine in Sport, 2006. 9(4): p. 277-287. 

[6] Reilly, T., J. Bangsbo, and A. Franks, 

Anthropometric and physiological 

predispositions for elite soccer. Journal of 

Sports Sciences, 2000. 18(9): p. 669-683. 

[7] Young, W.B. and L. Pryor, Relationship 

between pre-season anthropometric and fitness 

measures and indicators of playing 
performance in elite junior Australian Rules 

football. Journal of Science and Medicine in 

Sport, 2007. 10(2): p. 110-118. 

[8] Arnason, A., et al., Physical fitness, injuries, 
and team performance in soccer. Medicine and 

Science in Sports & Exercise, 2004. 36(2): p. 

278-285. 

[9] Faude, O., T. Koch, and T. Meyer, Straight 
sprinting is the most frequent action in goal 

situations in professional football. Journal of 

Sports Sciences, 2012. 30(7): p. 625-631. 

[10] Newton, R.U. and W.J. Kraemer, Developing 
explosive muscular power: Implications for a 

mixed methods training strategy. Strength & 

Conditioning Journal, 1994. 16(5): p. 20-31. 

[11] Komi, P., Strength and power in sport, ed. P. 

Komi. Vol. 3. 2008, Oxford, UK: Blackwell 

Science Ltd. 

[12] Tricoli, V., et al., Short-term effects on lower-

body functional power development: 

weightlifting vs. vertical jump training 

programs. The Journal of Strength and 

Conditioning Research, 2005. 19(2): p. 433-437. 

[13] Baker, D., Improving vertical jump 

performance through general, special, and 

specific strength training. Journal of strength 

and Conditioning Research, 1996. 10(2): p. 13 

1-136. 

[14] Cormie, P., M.R. Mcguigan, and R.U. Newton, 

Adaptations in athletic performance after 

ballistic power versus strength training. 

Medicine and Science in Sports and Exercise, 

2010. 42(8): p. 1582-1598. 

[15] Cronin, J. and G. Sleivert, Challenges in 

understanding the influence of maximal power 

training on improving athletic performance. 

Sports Medicine, 2005. 35(3): p. 213-234. 

[16] Brown, E.W. and K. Abani, Kinematics and 

kinetics of the dead lift in adolescent power 

lifters. Medicine and Science in Sports and 

Exercise, 1985. 17(5): p. 554-566. 

[17] McBride, J.M., et al., A comparison of strength 

and power characteristics between power 

lifters, Olympic lifters, and sprinters. The 
Journal of Strength & Conditioning Research, 

1999. 13(1): p. 58-66. 

[18] Izquierdo, M., et al., Effect of loading on 

unintentional lifting velocity declines during 
single sets of repetitions to failure during upper 

and lower extremity muscle actions. 

International Journal of Sports Medicine, 2006. 

27(9): p. 718-724. 

[19] Tidow, G., Aspects of strength training in 

athletics. New Studies in Athletics, 1990. 1: p. 

93-110. 

[20] Wilson, J.M. and E.P. Flanagan, The role of 
elastic energy in activities with high force and 

power requirements: a brief review. The 

Journal of Strength & Conditioning Research, 

2008. 22(5): p. 1705-1715. 

[21] Brughelli, M. and J. Cronin, A review of 

research on the mechanical stiffness in running 

and jumping: methodology and implications. 

Scandinavian Journal of Medicine & Science in 

Sports, 2008. 18(4): p. 417-426. 

[22] Komi, P.V., Stretch-shortening cycle: a 

powerful model to study normal and fatigued 

muscle. Journal of Biomechanics, 2000. 33(10): 

p. 1197-1206. 

[23] Ramírez-Campillo, R., et al., Effect of 

progressive volume-based overload during 

plyometric training on explosive and endurance 

performance in young soccer players. The 

Journal of Strength & Conditioning Research, 

2015. 29(7): p. 1884-1893. 

[24] Ramírez-Campillo, R., et al., Effects of in-

season low-volume high-intensity plyometric 

training on explosive actions and endurance of 

young soccer players. The Journal of Strength 

& Conditioning Research, 2014. 28(5): p. 1335-

1342. 

[25] Makaruk, H. and T. Sacewicz, Effects of 

plyometric training on maximal power output 

and jumping ability. Human Movement, 2010. 

11(1): p. 17-22. 

[26] Markovic, G., Does plyometric training 

improve vertical jump height? A meta-

analytical review. British Journal of Sports 

Medicine, 2007. 41(6): p. 349-355. 

[27] Thomas, K., D. French, and P.R. Hayes, The 

effect of two plyometric training techniques on 

muscular power and agility in youth soccer 

players. The Journal of Strength & Conditioning 

Research, 2009. 23(1): p. 332-33 5. 

[28] Michailidis, Y., et al., Plyometrics' trainability 

in preadolescent soccer athletes. The Journal of 

Strength and Conditioning Research, 2013. 

27(1): p. 38-49. 

[29] Salonikidis, K. and A. Zafeiridis, The effects of 

plyometric, tennis-drills, and combined training 



The Effect of Two Different Assisted Plyometric Programmes on Vertical Jumping Kinetics in Young 

Male Football Players 

 

ARC Journal of Research in Sports Medicine                                                                                        Page | 32 

on reaction, lateral and linear speed, power, 

and strength in novice tennis players. The 

Journal of Strength & Conditioning Research, 

2008. 22(1): p. 182-191. 

[30] Lloyd, R.S., et al., The effects of 4-weeks of 

plyometric training on reactive strength index 

and leg stiffness in male youths. The Journal of 
Strength & Conditioning Research, 2012. 

26(10): p. 2812-2819. 

[31] Lloyd, R.S., et al., Changes in sprint and jump 

performances after traditional, plyometric, and 
combined resistance training in male youth 

pre-and post-peak height velocity. The Journal 

of Strength & Conditioning Research, 2016. 

30(5): p. 1239-1247. 

[32] Ramirez-Campillo, R., et al., Methodological 

characteristics and future directions for 

plyometric jump training research: a scoping 

review. Sports Medicine, 2018: p. 1-23. 

[33] Pedley, J.S., et al., Drop Jump: A Technical 

Model for Scientific Application. Strength and 

Conditioning Journal, 2017. 39(5): p. 36-44. 

[34] Morin, J.-B., P. Edouard, and P. Samozino, 

Technical ability of force application as a 

determinant factor of sprint performance. 

Medicine and Science in Sports and Exercise, 

2011. 43(9): p. 1680-1688. 

[35] Landin, D., The role of verbal cues in skill 

learning. Quest, 1994. 46(3): p. 299-313. 

[36] Khuu, S., L.L. Musalem, and T.A. Beach, 
Verbal instructions acutely affect drop vertical 

jump biomechanics: Implications for athletic 

performance and injury risk assessments. The 

Journal of Strength and Conditioning Research, 

2015. 29(10): p. 2816-2826. 

[37] Butler, R.J., H.P. Crowell III, and I.M. Davis, 

Lower extremity stiffness: implications for 

performance and injury. Clinical Biomechanics, 

2003. 18(6): p. 511-517. 

[38] Cronin, J.B., P.J. McNair, and R.N. Marshall, 

Power absorption and production during slow, 
large-amplitude stretch-shorten cycle motions. 

European Journal of Applied Physiology, 2002. 

87(1): p. 59-65. 

[39] Flanagan, E.P. and T.M. Comyns, The use of 

contact time and the reactive strength index to 

optimize fast stretch-shortening cycle training. 

Strength and Conditioning Journal, 2008. 30(5): 

p. 32-38. 

[40] Bobbert, M.F., P.A. Huijing, and G. van Ingen 

Schenau, Drop jumping. I. The influence of 

jumping technique on the biomechanics of 

jumping. Medicine and Science in Sports and 
Exercise, 1987. 19(4): p. 332-8. 

[41] Fitts, P.M., Perceptual-motor skill learning, in 

Categories of human learning, A.W. Melton, 

Editor. 1964, Academic Press: New York, NY. 

p. 243-258. 

[42] Singer, R.N., R. Lidor, and J.H. Cauraugh, To 

be aware or not aware? What to think about 

while learning and performing a motor skill. 

The Sport Psychologist, 1993. 7(1): p. 19-30. 

[43] Tufano, J.J., et al., Field-based and lab-based 

assisted jumping: unveiling the testing and 

training implications. Frontiers in Physiology, 

2018. 9. 

[44] Makaruk, H., et al., Effects of assisted and 

traditional drop jumps on jumping performance. 

International Journal of Sports Science and 

Coaching, 2014. 9(5): p. 1217-1225. 

[45] Sheppard, J.M., et al., The effect of assisted 

jumping on vertical jump height in high-

performance volleyball players. Journal of 
Science and Medicine in Sport, 2011. 14(1): p. 

85-89. 

[46] Tran, T.T., et al., Effects of assisted jumping on 
vertical jump parameters. Current Sports 

Medicine Reports, 2012. 11(3): p. 155-159. 

[47] Tran, T.T., et al., Effects of different elastic 

cord assistance levels on vertical jump. The 
Journal of Strength & Conditioning Research, 

2011. 25(12): p. 3472-3478. 

[48] Khodaei, K., A. Mohammadi, and N. Badri, A 

comparison of assisted, resisted, and common 
plyometric training modes to enhance sprint 

and agility performance. The Journal of Sports 

Medicine and Physical Fitness, 2017. 57(10): p. 

1237-1244. 

[49] Argus, C.K., et al., Kinetic and training 

comparisons between assisted, resisted, and 

free countermovement jumps. The Journal of 

Strength and Conditioning Research, 2011. 

25(8): p. 2219-2227. 

[50] Ramírez-Campillo, R., et al., Effect of vertical, 

horizontal, and combined plyometric training 

on explosive, balance, and endurance 

performance of young soccer players. The 

Journal of Strength and Conditioning Research, 

2015. 29(7): p. 1784-1795. 

[51] Voigt, M., F. Chelli, and C. Frigo, Changes in 

the excitability of soleus muscle short latency 

stretch reflexes during human hopping after 4 

weeks of hopping training. European Journal of 

Applied Physiology and Occupational 

Physiology, 1998. 78(6): p. 522-532. 

[52] Potach, D., et al., The effects of a plyometric 

training program on the latency time of the 

quadriceps femoris and gastrocnemius short-

latency responses. The Journal of Sports 

Medicine and Physical Fitness, 2009. 49: p. 35-

43. 

[53] Chaouachi, A., et al., Volume, intensity, and 

timing of muscle power potentiation are 

variable. Applied Physiology, Nutrition, and 

Metabolism, 2011. 36(5): p. 736-747. 

[54] Chavda, S., et al., Force-time characteristics of 

the countermovement jump: Analyzing the 



The Effect of Two Different Assisted Plyometric Programmes on Vertical Jumping Kinetics in Young 

Male Football Players 

 

ARC Journal of Research in Sports Medicine                                                                                        Page | 33 

curve in Excel. Strength and Conditioning 

Journal, 2018. 40(2): p. 67-77. 

[55] Potach, D.H. and D.A. Chu, Plyometric 

Training, in Essentials of Strength Training and 

Conditioning, T.R. Beachle and R.W. Earle, 

Editors. 2008, Human Kinetics: Champaign, IL. 

p. 413-456. 

[56] Markovic, S., et al., Jump training with 

different loads: effects on jumping performance 

and power output. European Journal of Applied 

Physiology, 2013. 113(10): p. 2511-2521. 

[57] Cormie, P., J.M. McBride, and G.O. 

McCaulley, Power-time, force-time, and 

velocity-time curve analysis of the 

countermovement jump: impact of training. The 
Journal of Strength and Conditioning Research, 

2009. 23(1): p. 177-186. 

[58] Crewther, B., J. Cronin, and J. Keogh, Possible 
stimuli for strength and power adaptation. 

Sports Medicine, 2005. 35(11): p. 967-989. 

[59] Lamas, L., et al., Effects of strength and power 

training on neuromuscular adaptations and 
jumping movement pattern and performance. 

The Journal of Strength and Conditioning 

Research, 2012. 26(12): p. 3335-3344. 

[60] Wilson, J.M., et al., Concurrent training: a 
meta-analysis examining interference of 

aerobic and resistance exercises. The Journal 

of Strength and Conditioning Research, 2012. 

26(8): p. 2293-2307. 

[61] Markovic, G. and P. Mikulic, Neuro-

musculoskeletal and performance adaptations 

to lower-extremity plyometric training. Sports 

Medicine, 2010. 40(10): p. 859-895. 

[62] Bobbert, M.F., Drop jumping as a training 

method for jumping ability. Sports Medicine, 

1990. 9(1): p. 7-22. 

[63] Bobbert, M.F. and P.A. Huijing, Drop jumping. 

II. The influence of dropping height on the 

biomechanics of drop jumping. Medicine and 
Science in Sports and Exercise, 1987. 19(4): p. 

339-346. 

[64] Hammami, R., et al., Sequencing effects of 

balance and plyometric training on physical 
performance in youth soccer athletes. The 

Journal of Strength and Conditioning Research, 

2016. 30(12): p. 3278-3289. 

[65] Lloyd, R.S., et al., The influence of 
chronological age on periods of accelerated 

adaptation of stretch-shortening cycle 

performance in pre and postpubescent boys. 

The Journal of Strength and Conditioning 

Research, 2011. 25(7): p. 1889-1897. 

[66] Gilchrist, J., et al., A randomized controlled 

trial to prevent noncontact anterior cruciate 

ligament injury in female collegiate soccer 

players. The American Journal of Sports 

Medicine, 2008. 36(8): p. 1476-1483. 

[67] Mandelbaum, B.R., et al., Effectiveness of a 

neuromuscular and proprioceptive training 

program in preventing anterior cruciate 

ligament injuries in female athletes: 2-year 

follow-up. The American Journal of Sports 

Medicine, 2005. 33(7): p. 1003-1010. 

[68] Padua, D.A., et al., Fatigue, vertical leg 

stiffness, and stiffness control strategies in 

males and females. Journal of Athletic 

Training, 2006. 41(3): p. 294. 

[69] Lloyd, R.S., et al., Reliability and validity of 

field-based measures of leg stiffness and 

reactive strength index in youths. Journal of 

Sports Sciences, 2009. 27(14): p. 1565-1573. 

[70] Faigenbaum, A.D., Plyometrics for kids: Facts 

and fallacies. Performance Training Journal, 

2006. 5(2): p. 13-16. 

 

Citation: Mr Matthew F. Watson, Dr Jeremy Moody, Mr Christopher L. Bakker. The Effect of Two Different 
Assisted Plyometric Programmes on Vertical Jumping Kinetics in Young Male Football Players. ARC Journal 

of Research in Sports Medicine.4(2): 17-33.  

Copyright: ©  Authors. This is an open-access article distributed under the terms of the Creative Commons 

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided 

the original author and source are credited. 

 

 

 

 


