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Abstract 

The aim of this study was to investigate the effectiveness of a 6-week (twice weekly) eccentric 

accentuated plyometric training program compared to more traditional modalities of 

plyometrics including, vertical-orientated, horizontal-orientated and a combined 

vertical/horizontal orientated approach. Seventy-two adolescent GAA players (n=72) between 

13 and 17 were grouped based on their chronological age, under 14’s, under 15’s, under 16’s 

and under 17’s. Each group was randomly assigned one of four plyometric training 

interventions: Eccentric accentuated plyometric group (EAPG; n=18), combined 

vertical/horizontal plyometric group (CVHPG; n=18), vertical plyometric group (VPG; n=18) 

and the horizontal plyometric group (HPG; n=18). Players performance in the 

countermovement jump (CMJ), standing broad jump (SBJ), reactive strength index (RSI), 10 

and 20 m speed was measured a week before and after a 6-week plyometric training 

intervention.  The results showed significant changes in all 3 jump performance measures, for 

each training intervention (p= < 0.05). Furthermore, the results indicated that the EAPG was a 

more effective training intervention with significantly greater improvements noted in the all 3 

jump performance measures compared to the CVHPG, VPG and the HPG (p= < 0.05). The 

EAPG demonstrated overall greater improvements in RSI compared to the CVHPG, VPG and 

the HPG (38%, 28%, 19% and 26% respectively) with a statistically significant difference 

between the EAPG and the CVHPG, VPG and HPG (P= < 0.05). The EAPG and the HPG were 

the only two groups that showed a significant increase in 10 and 20 m speed (p= < 0.05). 

Overall greater improvements were demonstrated in the EAPG (-8%) compared to the HPG (-

2%) for 10 m speed however, no significant changes existed between the groups. Overall 

greater improvements were demonstrated in the EAPG (-5%) compared to the HPG (-4%) for 

20 m speed with a statistical significance between groups (p= < 0.05) highlighting the 

superiority of the EAPG for improving 10 and 20 m speed. The study demonstrated that 

eccentric accentuated, vertical, horizontal and a combined vertical/horizontal orientated 

plyometric training approach induced meaningful improvements in explosive jump 

performance variables however, only the EAPG and HPG induced meaningful improvements 

in 10 and 20 m speed. In conclusion, using eccentric accentuated plyometrics seems more 

advantageous to induce greater performance improvements associated with jumping ability, 

speed and reactive strength.  

Title: The effectiveness of eccentric accentuated plyometric training on jump performance, 

reactive strength and speed. 
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Chapter 1 – Literature Review 

Plyometrics- An Introduction 

Plyometrics is a type of resistance training that uses a stretch-shortening cycle to facilitate the 

development of a rapid force production (Chu, 1998; Chmielewski et al, 2006). The stretch-

shortening cycle refers to an eccentric muscle action, followed by a transitional period 

(amortization), prior to a rapid concentric output (Lloyd et al, 2012). Plyometrics is a training 

modality used in combination with other power development methods in a complete training 

program, bridging the gap between maximum strength and explosive power (Gambetta, 1998). 

Many neurophysiological mechanisms are influenced by plyometric training, resulting in 

changes to stretch-shortening cycle performance. These include enhanced involuntary 

muscular reflexes and motor co-ordination, which are critical skills associated with effective 

athletic performance (Bosco et al, 1987; Bobbert & Casius, 2005). This research paper 

investigates the effects of a specific jump training modality, eccentric accentuated plyometrics 

and its effects on reactive strength through fast stretch-shortening cycle movements (drop-

jump) and slow stretch-shortening cycle movements (Countermovement Jump, CMJ), 10 and 

20 m speed in adolescent GAA players, compared to traditional methods of plyometric training 

(Schmibtbleicher, 1992). The reactive strength index (RSI) refers to an individual’s ability to 

change from an eccentric to a concentric contraction (Young, 1995). Eccentric accentuated 

plyometrics proposes eccentric load magnitude in excess of the concentric prescription, using 

movements that have both eccentric and concentric actions, without interrupting natural 

movement mechanics (Wagle, 2017). An example of this type of training is the addition of 

weight, using dumbbells, to the lowering phase of a CMJ, with the weight released prior to the 

concentric phase of the movement (Shepard et al, 2008). No previous studies have examined 

the effectiveness of eccentric accentuated plyometrics on athletic performance by comparing 

it to traditional methods of plyometrics, creating a gap in the literature for this study to be 

carried out. 

Systematic Reviews 

Villarreal, Requena & Cronin (2012) conducted a systematic review on the effects of 

plyometric training on sprint performance. A total of 26 studies met the inclusion criteria and 

were included in the review. The results reported a combination of different plyometric 

methods for significantly greater improvements (p= < 0.05). The analysis reported an average 

effect size for intervention groups (d= 0.37) compared to control groups (d= 0.03), with 



The Effectiveness of Eccentric Accentuated Plyometrics on Jump Performance, Reactive 

Strength and Speed 

 

9 

 

significant changes (p= < 0.05). Furthermore, for 10 m and 20 m speed, average gains in 

seconds were -0.007 and -0.006 respectively. Slimani et al (2016) conducted a systematic 

review on the effects of plyometric training on physical fitness in team sport athletes. A total 

of 32 papers met the inclusion criteria and were selected for the review. The results showed 

average percentage improvements for the CMJ (10.2%), SLJ (5.6%), DJ (9.3%), 10 m 

acceleration (-2.6%) and 20 m speed (-2.6%). Behm (2017) conducted a systematic review on 

the effectiveness of power training on power and speed in adolescent populations. The results 

reported that power training has a moderate effect on jump measures (d= 0.57) and trivial effect 

on sprint performance (d= 0.13). 

Youth Resistance Training 

Resistance training surrounding adolescents has evolved as a popular topic among researchers. 

Many myths arose from a lack of knowledge and clarity relating to the effects of this training 

modality. Gambetta (1998) reported that strength in the stabilising muscles is important before 

commencing plyometric training to prevent injury. it is unreasonable that there are prerequisite 

strength levels necessary for youth athletes before participating in plyometric training. 

However, remedial sessions should be prescribed if the athlete is unable to perform the 

movements, focusing on balance and stabilization exercises. According to Chu (1998) 

plyometric training should not be prescribed unless the individual can back squat 1.5 times 

his/her bodyweight. In youth athletes, high-levels of strength are not realistic due to low body 

weight. A compelling body of literature exists suggesting the benefits and positive adaptations 

associated with resistance training and adolescents (Llyod et al, 2014; Granacher et al, 2016). 

Youth resistance training programs are beneficial to adolescents if the sessions are 

appropriately designed, age-specific and coached by qualified individuals (Lloyd et al, 2013, 

Faigembaum & Myer, 2010). Several physiological factors influence the trainability of an 

adolescent such as maturation, peak height velocity and peak weight velocity suggesting the 

use of biological maturity as a rationale for training prescription as opposed to chronological 

age (Balyi & Hamilton, 2004). The youth physical development model suggests that the key 

period to maximise strength, speed and power training in adolescents in from ages 13-16 years 

(Lloyd et al, 2013). This model suggests that the onset of puberty in adolescents provides an 

opportunity to gain superior adaptations from training. Faigembaum et al (2009) reported that 

youth resistance training improves motor performance skills, athletic performance and bone 

health while reducing the risk of injuries and cardiovascular health implications. The breadth 

of this research highlights the benefits of plyometric training for adolescent participants 
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however, sports coaches are always looking for new methods of training, which creates a gap 

for the exploration of eccentric accentuated plyometrics and its effects on RSI and speed.  

Effects of Vertical Vs Horizontal Plyometrics on Athletic Performance 

Dello Iacona et al (2016) investigated vertical vs horizontal drop jump training and the chronic 

effects on explosive performance of elite handball players using the countermovement jump 

test, the 25 m speed test and the 10 m acceleration test. The group performing vertical drop 

jumps (VDJ) showed a significant difference from pre-intervention to post-intervention (M= 

42.72 ± 5.57, M= 46.43 ± 5.02) p= (0.001) and a percentage increase (8%) in the CMJ test. 

The horizontal drop-jump group (HDJ) showed significant difference from pre-intervention to 

post-intervention (M= 41.53 ± 3.76, M= 43.27 ± 1.67) p= (0.003) and a percentage increase 

(8.4%) in the 10 m acceleration test. The HDJ group reported a significant difference from pre-

intervention to post-intervention in 10 m acceleration (M= 2.098 ± 0.026, M= 1.921 ± 0.015) 

p= (0.002). The VDJ group reported significant improvements in RSI (kinematic variable for 

CMJ) p= (0.002), percentage change (7.2%). Manouras et al (2016) examined the efficacy of 

vertical vs horizontal plyometric training on speed, jumping performance and agility in young 

male soccer players. In the vertical-oriented plyometric group, significant differences were 

noted from pre to post test, p= (< 0.01) and percentage improvements of 5.6% in the vertical 

jump assessment. Insignificant improvements were noted in acceleration for both groups, p= 

(> 0.05) while sprint speed reported significant improvements, p= (< 0.01). The HPG 

significantly improved horizontal jump performance, p= (< 0.01) while it remained unchanged 

in the VPG. Furthermore, the intervention consisted of one plyometric session weekly which 

is inconsistent with previous studies. Athletes typically perform 2-4 plyometric sessions 

weekly, 48-72 hours apart for noticeable adaptions to occur (Chu, 1998).  

Loturco et al (2015) investigated the effect of vertical and horizontal plyometrics on sprint 

performance of high-level U-20 soccer players. Insignificant improvements were reported in 

10 m acceleration and 20 m speed test for both groups (p= 0.41; p= 0.60, respectively). 

Insignificant improvements were noted in the CMJ for both groups (p= 0.90; p= > 0.05) with 

small percentage improvements in CMJ for the VPG. A noteworthy consideration of this 

research is that intervention consisted of three weeks, which is a shorter period in comparison 

to the research studies discussed in this review.  Furthermore, these studies investigate a 

specific group, athletic populations, a flaw of most sport science research, meaning it cannot 

be used to provide useful information to any other sport. 
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Dello Iacona et al (2016) and Loturco et al (2015) both excluded a control group from their 

interventions, making it difficult to draw meaningful conclusions. Dobbs et al (2014) explored 

the relationship between vertical and horizontal jump variables and muscular performance in 

highly trained male rugby union players using the 30 m speed test, CMJ and the drop jump 

(DJ). The results reported that horizontal force, through bi-lateral jumps had the greatest 

relationship with sprint speed (R²= 0.132 - 0.576). Furthermore, the study suggested a 

combination of vertical/horizontal jumps, which is consistent with findings from Meylan & 

Malatesta (2009) who reported a significant improvement in sprint time over 10 m using 

horizontal orientated plyometrics (2.1%, p= 0.004). The program consisted mainly of 

horizontal orientated plyometric drills, which significantly improved jump height in RSI 

(10.9%; p= 0.01). 

These studies focused on vertical vs horizontal plyometric, highlighting the performance 

benefits associated with both plyometric training methods. These studies investigated the 

effects of unloaded plyometrics in young populations, suggesting the possibility for future 

research to explore the effects of eccentric loaded plyometrics. 

Effects of Vertical Orientated Plyometrics on Athletic Performance 

Ramirez-Campillo et al (2014) investigated the effects of vertical orientated plyometrics (drop-

jumps) on explosive actions and endurance of young soccer players using the CMJ, 20 cm (RSI  

20) and 40 cm (RSI 40) drop jump reactive strength index and the 20 m sprint test.  This study 

indicated that 7 weeks of vertical jump training significantly improved CMJ (p=<0.001), RSI20 

(p= < 0.01) and RSI40 (p= < 0.01), inducing percentage improvements of 4.3%, 22.2% and 

16% respectively. However, no significant improvement was reported in sprint performance 

(p= > 0.05, ES= -0.03) which may be related to the exclusion of horizontal jumps. Makaruk et 

al (2014) examined the effects of assisted and traditional drop jumps (ADJ, TDJ) on jumping 

performance in male collegiate athletes from an array of sports (basketball, volleyball, track 

and field and jumping events) using the drop-jump test at different increments (30 cm and 60 

cm). Both groups significantly improved jump height (p= < 0.05) and contact time (p= < 0.05) 

from pre-values from 30 cm box. Ramirez-Campillo et al (2018) investigated vertical drop-

jump training effects on measures of physical fitness in young soccer players using CMJ, 20 m 

speed and RSI at different box heights. The results reported significant changes in CMJ (7.4%, 

p= < 0.001), RSI (19%, p= < 0.001) at box-height 30cm. Using the optimal RSI protocol (10-
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40cm box height, based on highest individual RSI values), significant changes were reported 

in 20 m speed (-3.7%, d= 0.27).  

Thomas, French & Hayes (2009) investigated the effects of two vertical plyometric training 

techniques (CMJ, DJ) on muscular power and agility in youth soccer players using the CMJ, 

10 m acceleration and the 20 m speed test. The results showed that 6-weeks of vertical 

plyometrics significantly improved jump height (p= < 0.05). No significant differences were 

noted in 20 m sprint times (p= > 0.05) at 5 m increments, however, small reductions in mean 

times for DJ group (M= 3.10 ± 0.11, 3.07 ± 0.22) and CMJ group (M= 3.18 ± 0.14, 3.16 ± 

0.27) were noted at 15-20 m increment. The small sample size of 12 participants reduces the 

statistical power, restricting any conclusions from the study. Conflictingly, Chelly et al (2010) 

reported significant improvements in sprint performance over short distances (5 m, p=<0.001) 

and long distances (35-40 m, p= < 0.001) in male soccer players using vertical oriented 

plyometric hurdle jumps and depth jumps. Singh, Appleby & Lavender (2018) examined low 

to high and high to low drop jump training (emphasis on jump height or drop height) and its 

effects on speed in elite male and female hockey players. The results showed significant 

changes in the high to low training group from pre-intervention to post-intervention (p= < 

0.05). However, the study had a low completion rate (57%) with 13 failing to complete the 

intervention, reducing the statistical power and ecological validity of the study. 

The participants for these studies were all involved in other activities that could have influenced 

the findings, also, they all represent athletic populations, making it difficult to draw meaningful 

conclusions that are applicable to the general population and creating a gap for other athletic 

populations to be examined. The interventions for these studies consisted of predominantly 

vertical orientated plyometrics, creating a gap in the literature for the investigation of different 

plyometric training methods. 

Effects of Horizontal Plyometrics on Athletic Performance 

Yanci et al (2016) examined the dose response effect of strength and conditioning programmes, 

involving horizontally oriented plyometric exercises at different intensities, on relevant soccer 

performance variables using a 5 and 15 m sprint assessment and vertical/horizontal CMJ. The 

results reported significant changes in horizontal CMJ in group 1(low-intensity) (p= < 0.01) 

and insignificant changes in group 2 (high-intensity) (p= > 0.05). No significant changes were 

observed in sprint performance over 5 m in group 1 (p= > 0.05, d= 0.17) and group 2 (p= > 

0.05, d= 0.08). Sprint performance over 15 m reported no significant changes from pre to post 
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test, group 1 (p= > 0.05, d= 0.02) and group 2 (p= > 0.05, d= 0.10). Furthermore, no control 

was used in the study and the small sample size made it difficult to draw valid conclusions, 

reducing its ecological validity. Rimmer & Sleivert (2000) investigated the effects of a 

horizontal orientated plyometric intervention on sprint performance using a 10 m and 40 m 

speed test. The plyometric group significantly reduced 40 m sprint time (p= < 0.01). Significant 

improvements in split times, 0-10 m acceleration (p= 0.001) and 20-30 m speed (p= 0.03), 

however, the intervention had a low completion rate with six players dropping out due to injury 

and a disparity in the number of participants per group, making the results inconclusive.  

Kale (2016) investigated the effects of a plyometric training program on performance 

characteristics in female handball players using a similar method which assessed 10 and 20 m 

sprint performance. The results showed a significant improvement in 0-10 m acceleration (p= 

< 0.01) and 0-20 m sprint speed (p= < 0.01) however, the results are applicable to female 

handball players, which represent a small proportion of the general population. Ozmen & 

Aydogmus (2017) investigated the effects predominantly horizontal oriented plyometric 

training had on jumping performance and agility in adolescent badminton players using the 

squat jump assessment. The results showed percentage improvements of 26% in a vertical jump 

and significant changes (p= < 0.05, d= 0.54) before and after a 6-week intervention. However, 

the results may have been influenced by factors such as gender, training age and familiarity 

with plyometric exercises.  

The research papers identified in this section demonstrate the relationship between horizontal 

orientated plyometrics, horizontal jump ability and speed performance during the acceleration 

phase. This creates a gap to explore the effects of horizontal orientated plyometrics on reactive 

strength and speed over longer distances (20 m).  

Effect of Combined Vertical/Horizontal Plyometrics on Athletic 

Performance in different populations 

Rugby Players 

Jeffreys et al (2019) investigated the effects of low and high-volume plyometric training on 

SSC capacity using a combination of vertical and horizontal jumps. Both groups reported 

significant changes in RSI from pre-intervention to post-intervention (p= < 0.05). Both groups 

were engaged in strength and conditioning programs outside of the study which could have 

influenced the findings. Lockie et al (2014) examined the effects of plyometric training on 
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acceleration technique in rugby players. The results reported no significant changes in contact 

time or flight time from 0-10 m (p= 0.589, p= 0.516, respectively). However, significant 

improvements were noted from 0-10 m within subject factor (pre/post) (p= ≤ 0.05). No control 

group was used, making the findings less conclusive.  

Handball Players 

Mazurek et al (2018) investigated the effects of combined vertical/horizontal plyometric 

training on physical performance in young male handball players (20.2 ± 2.2 yrs.). The 

measurements used before and after a 5-week intervention included the vertical 

countermovement jump and repeated sprint ability consisting of 5x6 second maximal sprints 

every 30 seconds on a cycle ergometer (load consisted of 7.5% of athletes body mass). The 

results showed insignificant decreases in CMJ (2.3%, p= > 0.05) while insignificant changes 

were noted in RSA (p= > 0.05) and DJ (1.3%, p= > 0.05). Sprint cycling is not a familiar 

modality of training for handball players and does not use the SSC, which is represented in the 

plyometric training, making the results less conclusive. Chelly et al (2014) used a similar 

sample group and examined the effects of an 8-week in-season plyometric trainings on upper 

and lower limb performance of elite adolescent handball players (17.2 ± 0.4 yrs.). The 

measurements used before and after an 8-week intervention included the vertical 

countermovement jump, 30 m speed test focusing on acceleration from 0 to 5 m and running 

speed from 25 to 30 m. The results showed significant improvements in CMJ height (p= < 

0.001) and significant increases in velocity at 5 m and max velocity between 25-30 m using a 

Sony Handyman DCR-PC105 to film body displacement (p= < 0.001). The findings are limited 

to on category of elite adolescent handball players. Further studies should include a broader 

population group (women, different age groups and competition experience), improving the 

ecological validity of the results. 

Hermassi et al (2014) examined the effects of 8-weeks of in-season lower limb plyometric 

training on repeated-sprint ability (RSA), leg power and jumping performance in elite male 

handball players (age: 20 ± 0.3 yrs.). Jump height during the squat jump (SJ) and CMJ were 

measured. The players were tested for RSA using a protocol of 6 x (2 x 15 m) shuttle sprints, 

separated by 20 s of active recovery. The results reported percentage improvements of 9.7% 

for the SJ and 11.4% for the CMJ with both reported as significant changes (p= < 0.001). 

Significant differences were reported in RSA fastest sprint times in the plyometric training 

group (p= < 0.05) and all participants in this group decreased RSA total time. The pre-training 
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scores of the intervention group were reported higher than the control group, suggesting a flaw 

in the allocation of participants to each group.  

Soccer Players 

Ramirez-Campillo et al (2015) examined the effects of a combined vertical and horizontal jump 

training protocol on explosive, balance and endurance performance of young soccer players 

(10-14 years) using the 20 cm RSI test, the vertical CMJ, the horizontal CMJ, 15 m sprint and 

the 30 m sprint. The most notable findings from the combined plyometric group included 

improved vertical CMJ (12.3%), horizontal CMJ (19%) and RSI (17%), all of which were 

significant changes (p=<0.01). The group reported the most notable improvements in sprint 

performance over 15 m (6%) and 30 m (5.8%) (p= < 0.01 and ≤ 0.05, respectively). Buchheit 

et al (2010) investigated the effects of explosive plyometric training vs repeated shuttle sprints 

on 10 m acceleration, 30 m speed and CMJ performance of young elite soccer players (14.5 ± 

0.5 years). Pre and post intervention. The results showed significant improvements in sprint 

performance over 30 m (p= < 0.05) and CMJ (13%, p=<0.05), however, insignificant changes 

were reported in 10 m acceleration (p= > 0.05). Adherence to the intervention was 75% and 

the sample size was small (n=15) making the results less conclusive as they cannot be 

extrapolated to a larger population. 

Michailidis et al (2013) examined plyometrics’ trainability in preadolescent soccer athletes 

(10.66 ± 0.5 yrs.) using speed tests (10- 20 m), lower extremity power tests (CMJ, depth jumps 

and standing long jumps) before, during and after a 12-week intervention. The results showed 

significant improvements in speed after 6-weeks (10 m 3.1% 20 m 2.2%, p= < 0.05) and jump 

performance (CMJ 18.5% and DJ 10%, p= 0.05). These performance gains may be influenced 

by maturation which may be a possible rationale for the small improvements in the control 

group. 

Sohnlein, Muller & Stoggl (2014) investigated the effects of a 16-week plyometric intervention 

on explosive actions in early to mid-puberty elite soccer players (11.2 – 14.7 yrs). The 

performance outcome measures used pre and post intervention were speed tests (10 and 30 m; 

5 and 20 m), and horizontal jump displacement using SLJ. The results showed significant 

improvements in 20 m sprint time (3.2%, p= 0.012) after 16-weeks, 10 m acceleration (p= ≤ 

0.05) after 16-weeks and SLJ distance after 4-weeks (p= 0.045) and 16-weeks (+7.3%, 

p=<0.001). The adherence rate to the plyometric intervention was low. Six players dropped out 

of the intervention group and 3 missed more than 20% of the sessions, excluding them from 
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the analysis, reducing the rigor and statistical power of the findings. A combination of vertical 

and horizontal orientated plyometrics is an effective training modality, reporting significantly 

greater improvements in jump performance and sprint times in soccer players as opposed to 

more traditional methods of plyometric training. 

Youth Athletes  

Faigenbaum et al (2007) investigated the effects of a six-week training period of combined 

plyometric and resistance training and resistance training alone on fitness performance in boys 

(12-15 years). The participants were assessed before and after a 6-week intervention using the 

vertical jump test, the SLJ and the 9.1 m sprint test. The results reported significant 

improvements from baseline in the SLJ (6%, p= < 0.05) and vertical jump (8.1%, p= < 0.05), 

however no significant improvements were demonstrated in sprint times (p= > 0.05). The 

plyometric training group also performed resistance training and biological maturation was not 

accessed, both which could have influenced changes in performance, making it difficult to 

draw meaningful conclusions from the study. Llyodd et al (2012) looked at a similar cohort of 

participants (9,12 and 15year olds) examining the effects of a plyometric intervention on 

reactive strength index over a 4-week period. The testing measure used to assess jump 

performance was the RSI maximal hopping test. The results showed significant improvements 

in RSI for the 12-year-old training group (p= < 0.022). The 15-year-olds reported significantly 

higher RSI than the other two groups (both p= < 0.001) and decreases in ground contact times 

(p= < 0.05) suggesting that age and maturation status have a significant impact on stretch-

shortening cycle performance. This study suggests that adolescents should focus on advanced 

plyometric activity, highlighting a potential gap in the research for the investigation of 

eccentric accentuated plyometrics. 

Markovic et al (2007) investigated the effects of sprint and combined vertical/horizontal 

plyometric training on athletic performance in male physical education students (n= 93). The 

testing measures used included the 20 m speed test and a drop-jump from 30 cm height, before 

and after a 10-week intervention. The results reported significant improvements in drop jump 

index performance (14.2%, p= < 0.001). No significant changes occurred in sprint performance 

(p= > 0.05), however percentage improvements of 3.1% were demonstrated by the plyometric 

group. Hammami et al (2016) examined the effects of an in-season plyometric training program 

on sprint performance in the junior soccer player (15.7 ± 0.2 yrs) using the 10 and 20 m speed 

test. The results reported significant improvements in sprint performance over 10 m (5.8%, p= 
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≤ 0.05) and 20 m (4.6%, p= ≤ 0.05). To summarise, a combination of vertical and horizontal 

orientated plyometrics is an effective modality of training for adolescent populations with 

demonstrated improvements in RSI, sprint performance and vertical/horizontal jumping 

abilities. This highlights the possibility of future research investigating the effects of eccentric 

accentuated plyometrics on athletic performance in adolescent populations.  

Eccentric Accentuated Loading as a Training Modality 

Eccentric Accentuated Loading refers to the addition of a weight to the eccentric or lowering 

phase of a movement that has both an eccentric and concentric contraction, without interfering 

with the natural execution of the movement (Wagle, 2017).  The current literature surrounding 

eccentric accentuated training from an acute adaptation perspective, suggests it’s a superior 

modality of training for increased strength and power performance (Wagle, 2017). Douglas et 

al (2017) published a systematic review investigating the chronic adaptations to eccentric 

training and reported it to be a superior modality of training compared to more traditional 

methods of resistance training, however a lack of research exists, creating a gap for this topic 

to be explored further. Eccentric training improves concentric muscle power and stretch-

shortening cycle performance compared to concentric training methods and traditional methods 

of resistance training (Douglas, 2017). Eccentric loading induces significant improvements in 

strength and power properties across a range of resistance training modalities (bench-press and 

back-squat), however, little research exists regarding eccentric loading during plyometric 

exercises, creating a gap in the literature for future exploration (Doan et al, 2002, Ojasto & 

Hakkinen, 2009 & Moore et al, 2007).  

Eccentric loading during resistance training exercises 

Cook, Beaven & Kilduff (2013) investigated the effects of eccentric training combined with 

overspeed exercises and its effects on power and running speed performance in semi-

professional rugby union players (19.7 ± 0.7 yrs). The participants were assessed before and 

after a 12-week pre-season intervention (4, 3-week blocks of different modalities) using the 

bench press (1RM), back squat (1RM), CMJ and the 40 m speed test. The intervention group 

demonstrated improvements after 12-weeks in the back squat (19.5 ± 9.1 kg), bench press (15.0 

± 5.1 kg) and peak power in the CMJ (446.5 ± 248.0 W). No significant changes in 40 m sprint 

time (p= 0.9050), however the addition of an overspeed element to the eccentric training 

enhanced maximal running speed (0.02 ± 0.01 seconds, d= 1.33). After 3-weeks, significant 

differences were noted for the eccentric training block, reporting improvements in the bench 
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press (5.5 ± 3.6 kg, d= 2.17), back squat (3.0 ± 2.8 kg, d= 1.46) (p= < 0.05) and CMJ peak 

power (p= ≤ 0.0017). The effects of eccentric training on performance variables were assessed 

after an acute training intervention (3-weeks), future research should investigate the chronic 

adaptations of this training method.  

Friedmann-Bette et al (2010) investigated the effects of strength training with eccentric 

overload on muscle adaptation in male athletic populations using a unilateral squat (1RM) for 

assessing maximum strength. The results reported significant improvements in 1RM (13 ± 2 

kg, p= < 0.001) for the single leg squat on both legs following a 6-week intervention and 

significant improvements were demonstrated in squat jump height (p= < 0.05). Douglas (2018) 

investigated the effects of accentuated eccentric loading (AEL) on muscle properties, strength, 

power and speed in resistance-trained rugby players (19.46 ± 0.8 yrs). The participants were 

assessed before and after phase 1 (slow eccentric tempo) and phase 2 (fast eccentric tempo) 

using the back squat (1RM), drop jump reactive strength index (RSI) and 40 m speed test. Slow 

AEL reported improvements 40 m sprint time (-0.07 seconds, d= 0.28) while fast AEL reported 

improvements in RSI scores from pre-intervention (M= 2.29 ± 0.32) to post-intervention (M= 

2.41 ± 0.45). No significant changes were reported in 10 m and 20 m sprint times (p= > 0.05). 

The sample size was small (n= 14) and a 0.50 m box was used for the drop jump instead of a 

pilot study prior to determine optimal jump height for the group. All participants had 1 year of 

resistance training experience with supervised programs which may have influenced the 

findings. Eccentric loading during resistance training exercises significantly improves 

maximum strength and power in athletic populations, however, training with an eccentric 

accentuated load induces little to no improvements in running speed, creating a gap in the 

literature for further exploration of this training method.  

Eccentric Accentuated Plyometrics and Athletic Performance 

Shepard et al (2008) examined eccentrically accentuated jump training vs body mass jump 

training in 16 elite male and female volleyball players (21.8 ± 4.9 yrs) using unloaded squat 

jump pre and post intervention (5-weeks). The participants were randomly assigned to either 

an accentuated eccentric jump (AEJ) group or a body mass jump (BMJ) group. Both groups 

were engaged in strength training 3 times per week during the 5-week intervention. A pilot 

study was used to determine the load for the AEJ group and the results reported that a load of 

40 kg was appropriate for men and 20 kg for women without interfering with the natural 

execution of the movement itself. The AEJ group significantly improved jump displacement 
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(p= 0.001) by 11% (0.053 ± 0.027) with large magnitude effect (d= 1.00). A linear transducer 

reported significant improvements in squat jump peak velocity (16%, p= 0.031) for the AEJ 

group which was significantly difference from BMJ group (p= 0.03). The intervention 

investigated the acute responses to training with an accentuated eccentric load, future research 

should investigate the chronic adaptations of this training modality. The participants were 

engaged in strength training 3 times per week during the intervention, making it difficult to 

draw meaningful conclusions from the effects of AEJ training. The AEJ group consisted of 

more males (6 males and 2 females) than the BMJ group (4 males and 4 females) suggesting a 

flaw in the allocation of participants to each intervention group.  

Shepard, Newton & McGuigan (2007) investigated the acute effect of accentuated eccentric 

load on jump kinetics in high performance volleyball players (18.9 ± 2.6 yrs). Subjects held 2 

dumbbells and released them at the bottom of the block jump loading up the eccentric phase of 

the movement. A 20 kg load was selected for the loaded block jump based on a pilot study that 

determined it elicited greater improvement in jump performance kinetics compared to other 

loads tested (10, 20, 30 and 40 kg). The results showed significantly greater improvements in 

jump height (4.3%, p= 0.01), peak power (9.4%, p= 0.00), peak force (3.9%, p= 0.04) and peak 

velocity (3.1%, p= 0.01) in the AEJ group compared to the BMJ group.  The participants were 

full-time athletes, training up to 25 hours per week, which could have influenced the findings 

in this study. 

Aboodarda et al (2013) used an elastic-resistance method for loading the eccentric phase of a 

CMJ and investigated the effects it had on CMJ performance in trained male subjects (22.6 ± 

5.3 yrs). The band was attached by a harness worn at hip level by each participant. The 

participants were assessed pre and post intervention on free CMJs (body weight), eccentric 

accentuated CMJs (20% body weight) and eccentric accentuated CMJs (30% body weight). 

The results reported showed that training with an eccentric accentuated load of 30% 

significantly improves jump height (9.52%, p= 0.035), and contact time (11.42%, p= 0.01) 

compared with unloaded CMJ’s. Aboodarda et al (2014) investigated the effects of performing 

drop jumps with additional eccentric loading on jump performance in highly resistance trained 

subjects (24.7 ± 5.7 yrs). The participants performed 3 max trials of drop jumps for each 

condition (Free, 20% body weight and 30% body weight) using elastic resistance at different 

box heights (20, 35 and 50 cm). The results reported that using additional load on drop jumps 

may increase the intensity of the exercise however no notable improvements were noted in 

jump height, however significant changes were noted in the rate of force development (p= < 
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0.001). The eccentric load did not immediately alter concentric kinetics and jump height. The 

use of elastic resistance highlights a flaw in the methodology regarding the release time by 

each practitioner. The breadth of this research highlights the effective nature of training 

plyometrics with an eccentric accentuated load compared to traditional modalities of training. 

However, a gap exists in the literature regarding eccentric loaded plyometrics and its effect on 

athletic performance, speed performance and reactive strength.  

Matson (2014) examined the acute effects of augmented eccentrics on CMJ performance in 

female volleyball players (n= 12), using the modified RSI (ratio between jump height and time 

to take-off) and jump height as key performance variables. Each participant performed 4 trials 

of a bodyweight CMJ and 4 CMJ’s with an augmented eccentric load. The results indicated no 

significant changes in CMJ performance relating to jump height or modified RSI (p= > 0.05). 

In contrast, Bridgeman et al (2017) examined the acute effects of eccentric accentuated loading 

on drop jump exercise and the post-activation potentiation response on 12 strength-trained 

athletes. The participants CMJ and DJ performance was assessed during 4 protocols, a 

bodyweight drop jump, drop jump with additional 10% of bodyweight using dumbbells, drop 

jump with 20% additional load and 30% additional load. The participants executed 1 set of 5 

repetitions before performing 3 CMJ’s at 4, 6 and 12-minutes recovery. The results demonstrate 

significant improvements in drop jump height in 20% condition compared to 10 and 30% 

condition (p= 0.012 and p= 0.019 respectively). The 20% condition reported that one set of 5 

drop jumps significantly greater jump height in the CMJ compared to baseline (ES= 0.47). The 

optimal drop height for each subject was identified without additional load, which may have 

reduced the jump height, making it difficult to draw meaningful conclusions from the study.  

These papers investigated the acute effects of eccentric accentuated plyometrics, highlighting 

a gap for the exploration of the chronic adaptations of this training modality.  
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Chapter 2 – Methodology 

Research Questions/Null Hypothesis  

1. Is eccentric accentuated plyometric training more effective than traditional methods of 

plyometrics for improving 10 m speed? 

There is no differences between eccentric accentuated plyometrics and traditional methods of 

plyometrics for improving speed over 10 m.  

2. Is eccentric accentuated plyometric training more effective than traditional methods of 

plyometrics for improving 20 m speed? 

There is no differences between eccentric accentuated plyometrics and traditional methods of 

plyometrics for improving speed over 20 m. 

3. Is eccentric accentuated plyometric training more effective than traditional methods of 

plyometrics for improving reactive strength? 

There is no differences between eccentric accentuated plyometrics and traditional methods of 

plyometrics for improving reactive strength. 

Introduction 

The methodology investigated the effectiveness of eccentric accentuated plyometrics by 

comparing it to a vertical plyometric training group, a horizontal plyometric training group and 

a combination of vertical/horizontal plyometrics training group. Little research exists regarding 

eccentric accentuated training and its effectiveness as a training methodology which 

substantiates the aim of this study. The performance outcome measures included the 

Countermovement Jump, Standing Broad Jump, 10 and 20 m speed tests and the Drop-Jump, 

using the reactive strength index.  

Strategy/Design 

The Landing Error Scoring System (LESS) (Padua et al, 2009) was used two weeks before the 

start of the intervention to identify participants with poor jump/landing mechanics. Participants 

were required to complete a jump landing rebound task from a box 30 cm high box to a distance 

of 50% of their height away from the box onto a contact matt and immediately rebound into a 

vertical jump (see appendix F and G). The participants were given no feedback or 

encouragement and a standardization of instructions was used. Two high-definition cameras 

recorded each jump from the frontal and sagittal planes for scoring. A successful jump was 
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characterised as (1) jumping off both feet from the box, (2) jumping forward, not vertically to 

reach the contact mat below, (3) landing with the entire foot on both legs and (4) completing 

the task with fluidity. The LESS score is a count of jump/landing errors. A higher score 

indicates poor jump/landing mechanics and a lower score indicates appropriate jump landing 

mechanics. Participants who score high were excluded from the study and began a remedial 

program of balance and stabilization exercises (Gambetta, 1998). 

A week prior to the study, each age group (14, 15, 16 and 17’s) was randomly assigned 1 of 4 

training interventions. The participants attended a familiarization session which assisted them 

in executing the countermovement jump, the standing long jump, the drop-jump for reactive 

strength and proper running mechanics for the 10 and 20 m speed test. The vertical plyometric 

training group (VPG) performed vertical jump training, the horizontal plyometric group (HPG) 

performed horizontal jump training, the combined vertical/horizontal group (CVHPG) 

performed a combination of vertical and horizontal jumps and the eccentric accentuated group 

(EAPG) performed eccentrically loaded jumps. Each group took part in 2 sessions a week, 48 

hours apart (Chu, 1998). The CMJ and the drop-jump test were used to assess vertical jump 

performance and reactive strength. The standing long jump test was used to assess horizontal 

jump performance. The 20 m sprint test evaluated running speed over 10 and 20 m. All testing 

measures were recorded before and after each intervention. A pilot study was used to determine 

the optimum jump height for the drop jump assessment. A random sample of participants from 

each age group (4 from each) performed drop jumps from a 20-60 cm boxes and the box height 

that records the shortest contact time and highest jump average were used for the intervention 

(Beattie & Flanagan, 2015). A pilot study (4 from each group) was used to determine the load 

for the group performing the eccentric accentuated jumps. The weight went up in 5 kg 

increments using dumbbells until the natural execution of the movement was interfered with 

(Shepard et al, 2008). 

Training Interventions 

Each group took part in 2 sessions a week, 48 hours apart for 6-weeks (Chu, 1998). The 

eccentric accentuated plyometric group (EAPG) performed elastic resistance (eccentric phase) 

CMJ’s, block jumps (eccentric load), CMJ’s with dumbbells (eccentric phase) and DJ with 

dumbbells (eccentric phase). Elastic resistance and dumbbells were released prior to concentric 

phase of the movement. The intervention number of sets and reps started at 80-foot contacts 

and progressed to 180-foot contacts in week 6 (see appendix A). The rest given in between 



The Effectiveness of Eccentric Accentuated Plyometrics on Jump Performance, Reactive 

Strength and Speed 

 

23 

 

each set was 2 minutes (Chu, 1983). The combined vertical/horizontal plyometric group 

(CVHPG) performed standing broad jumps, horizontal-orientated hurdle hops, vertical 

countermovement jumps and vertical-orientated drop-jumps (see appendix B). The 

intervention number of sets and reps started at 80-foot contacts and progressed to 180-foot 

contacts in week 6. The rest given in between each set was 2 minutes (Chu, 1983). The vertical 

orientated plyometric group (VPG) performed the vertical countermovement jump, vertical-

orientated drop-jumps, vertical bi-lateral tuck jumps and single leg vertical jumps (see 

appendix C). The intervention number of sets and reps started at 80-foot contacts and 

progressed to 180-foot contacts in week 6. The rest given in between each set was 2 minutes 

(Chu, 1983). The horizontal-orientated plyometric group (HPG) performed horizontal hurdle 

jumps, standing broad jumps, horizontal-orientated drop-jumps and horizontal single leg hops 

(see appendix D). The intervention number of sets and reps started at 80-foot contacts and 

progressed to 180-foot contacts in week 6. The rest given in between each set was 2 minutes 

(Chu, 1983). 

Table 1: The sets, reps, rest intervals, number of exercises and progressions for each 

intervention group. 

Volume Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 

Sets: 2 5 3 5 4 5 

Reps: 10 5 10 7 10 9 

Rest: 2 mins 2 mins 2 mins 2 mins 2 mins 2 mins 

Exercises: 4 4 4 4 4 4 

Total 80 100 120 140 160 180 

Data Sources 

Participants 

 Male GAA players (n= 92), age (14-17 yrs) were selected for inclusion in the study. The 

participants are involved with the Kilkenny GAA development squad system. The participants 

belonged to specific age groups, under-14’s (13.95 ± 0.36 yrs), under 15’s (15.22 ± 0.34 yrs), 

under-16’s (15.83 ± 0.26 yrs) and under 17’s (16.77 ± 0.5 yrs).  Following the completion of a 

medical history form, LESS screen, a parental consent form (see appendix N), a pilot study and 

any potential risk factors associated with participation, each age group (14’s, 15’s, 16’s and 

17’s) were assigned to one of four training interventions. An Eccentric Accentuated Plyometric 

Group (EAPG, n= 23), a combination of vertical/horizontal plyometric group (CVHPG, n= 



The Effectiveness of Eccentric Accentuated Plyometrics on Jump Performance, Reactive 

Strength and Speed 

 

24 

 

23), a vertical plyometric group (VPG, n= 23) and a horizontal plyometric group (HPG, n= 

23). All participants have been injury free for the last 6-months. Prior to the commencement of 

the study, an information night was held with all participants and their parents. It was an 

opportunity for each parent to fully understand the rationale for the study and ask any questions 

in relation to it. The participants all have varied resistance training experience. The under 14’s 

have 1 year of resistance training experience, the under 15’s have 2 years of resistance training 

experience, the under 16’s have 3 years of resistance training experience and the under 17’s 

have 4 years of resistance training experience.  

 

Figure 1: A graphical representation of the methodology process.  

A week before and after the intervention, jump performance, speed over 10 and 20 m was 

assessed. All tests were conducted on a Saturday morning between 9am and 11am under 

controlled environmental conditions and on an indoor wooden floor surface. Prior to the start 

of the testing, participants performed the GAA15 protocol as a warm-up for 15 minutes (Kelly 

& Lodge, 2018) (see appendix E) 

 Jumping Assessment 

Vertical jump performance was evaluated using the CMJ Test (Chouckou, Laffaye & Taiar, 

2014). The jump height was measured using an electronic jump mat (Kinematic measuring 

system, Fitness Technology, South Australia). The participants performed 3 max trials with a 

1min rest between trials (Markovic et al, 2004). The participants performed 2 familiarization 



The Effectiveness of Eccentric Accentuated Plyometrics on Jump Performance, Reactive 

Strength and Speed 

 

25 

 

trials before the test began. A standardization of instructions was used to mitigate against bias. 

The participants were instructed to keep their hands on the hips, determine the depth of the 

lowering phase of the jump themselves and jump as high as possible (Markovic 2004, 

Markwick et al, 2015). Horizontal jump performance was assessed using the SBJ test 

(Manouras et al, 2016). The horizontal jump distance was measured in accordance with Loturco 

et al (2015) using a metric tape from the starting position line to the back of the heels when the 

participant has landed. The participants performed 3 max trials with a 1min rest between trials 

and 2 familiarization trials were performed before the test began (Manouras et al, 2016). A 

standardization of instructions was used to prevent any potential bias during pre and post 

testing. Participants were instructed to stand on a marked line with feet hip width apart, use 

arm-swing to facilitate a propulsive drive, bend the knees, jump as far as possible and stick the 

landing for a trial to be accepted as an attempt (Manouras, 2016, Lockie et al, 2015).  

Speed 

Velocity over 10 m was used to indicate acceleration performance. Sprint speed was measured 

using the 10 and 20 m speed tests. A dual beam timing system was used to measure both speed 

assessments (Biorun, Biomekanikk AS, Oslo, Norway). A timing gate was positioned at 0, 10 

and 20 m. Participants performed 3 max trials with 3-5mins recovery between each attempt. A 

split stance position was used by each participant on the starting line and a random noise 

signalled the sprint start (Ramirez-Campillo et al, 2015). A standardization of instructions was 

used to mitigate against any bias during the testing measures and each participant received the 

same instructions. Participants were instructed to stand on a marked line 0.3 m behind the start 

line to prevent any interference with the timing gates. They were instructed to run as fast as 

possible throughout the 20 m distance (Gabbett, Kelly & Shepard, 2008, Altmann et al, 2015). 

Reactive Strength Index (RSI) 

The drop-jump test was used to measure reactive strength according to the protocol proposed 

by Markwick et al (2015).  The test has two key components, ground contact time and jump 

height. The participants performed 3 max trials of drop-jumps from a 30cm box, which was 

determined as the optimum drop-jump height from the pilot study, onto an electronic jump mat 

(Kinematic measuring system, Fitness Technology, South Australia). A standardization of 

instructions was used during the test ensuring each participant was given the same instructions. 

The participants were instructed to step, not jump, forward off the box and on contact with the 

matt, jump as high as possible as quickly as possible. Hands remained on hips and 1min was 
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given for recovery between trials. For a trial to be accepted, the participants must stick the 

landing on the matt (Beattie & Flanagan, 2015). The formula used for calculating RSI was 

jump height/contact time ÷ 100. 

Statistical Analysis 

All statistical analysis was performed using Jasp software version 0.9 and Microsoft Excel. A 

shapiro wilk test was used to test if the data set was normally distributed. A paired-samples t-

test was used to compare pre-intervention and post-intervention data for each performance 

outcome measure within groups, specifically, CMJ, RSI, SBJ, 10 and 20 m speed. An 

independent samples t-test was used to compare the eccentric training group to the combined 

vertical/horizontal group, the vertical group and the horizontal group from pre-intervention to 

post-intervention across each performance outcome measure.  
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Chapter 3 Results 

An Introduction 

The purpose of this study was to investigate the effectiveness of eccentric accentuated 

plyometric training on jump performance, RSI and speed compared to more traditional methods 

of plyometrics (CVHPG, VPG and HPG). The following section outlines the overall findings 

for the EAPG, the CVHPG, the VPG and the HPG, pre and post a 6-week plyometric training 

intervention which was determined by using descriptive and inferential statistics. A shapiro 

wilk test determined the data set was normally distributed. As a result, parametric statistics 

were used to determine the difference within and between the groups at a confidence level of 

95%.  

Participants Characteristics 

A total of 92 male participants were recruited from the Kilkenny GAA development squad 

system and used for this study. A total of 92 participants were initially screened in the Landing 

Error Scoring System (LESS). Eight participants scored high on this assessment, resulting in 

the prescription of a remedial program of balance and stabilization exercises and removal from 

the intervention. Four participants were removed based on poor attendance rates (<85%) and 8 

dropped out for unknown reasons, resulting in a total of 72 participants in the study. Each group 

consisted of 18 participants. Table 2 outlines the descriptive statistics, including the mean and 

standard deviation for the EAP group (under-15), the CVHP Group (under-17), the VP Group 

(under-16) and the HP Group (under-14) for age, height and weight. 

Table 2: The mean and standard deviation for age (yrs), weight (kg) and height (m) for each 

intervention group. 

  EAP 

Group 

  CVHP 

Group 

  VP 

Group 

  HP 

Group 

 

 Age Weight Height Age Weight Height Age  Weight Height Age Weight Height 

Mean 

 

15.22 65.12 1.75 16.77 71.92 1.79 15.83 66.21 1.77 13.95 59.32 1.71 

St. 

Deviation 

0.34 6.76 0.07 0.51 7.33 0.06 0.25 8.10 0.06 0.36 7.4 0.07 

Note:  *Mean ± St. Deviation 

*Measurements: weight (kg), height (m) and age (yrs) 

*Each group has 18 participants (n = 18) 
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Each training intervention induced overall greater improvements from pre-intervention to post-

intervention within each group across each performance outcome measure. Table 3 outlines the 

baseline mean and standard deviation, the percentage performance change, the average 

difference scores, the magnitude of the training effect and the statistical significance of each 

group from pre-intervention to post-intervention across the 10 m speed, 20 m speed, RSI and 

CMJ.  

Table 3: The baseline mean ± SD, performance changes (%), average difference scores, 

magnitude of training effect and the statistical power of each training intervention for each 

performance measure: Speed over 10 and 20 m, CMJ and RSI. 

 Baseline 

mean ± SD 

Performance 

change (%) 

Av. Difference 

Scores 

Magnitude of 

training effect 

(Cohen’s d) 

p-value 

10 m Test 

EAPG 1.864±0.12 -8% -0.16 0.91 0.001* 

CVHPG 1.818±0.07 -3% -0.05 0.44 0.081 

VPG 1.816±0.08 -1% -0.02 0.24 0.325 

HPG 1.794±0.06 -2% -0.03 0.78 0.004* 

20 m Test      

EAPG 3.106±0.12 -5% -0.16 1.29 <0.001* 

CVHPG 3.204±0.12 -1% -0.04 0.48 0.056 

VPG 3.186±0.11 -1% -0.05 0.33 0.179 

HPG 3.291±0.20 -4% -0.13 0.82 0.003* 

RSI Test      

EAPG 2.07±0.49 38% 0.68 -2.04 <0.001* 

CVHPG 1.77±0.36 28% 0.44 -1.47 <0.001* 

VPG 1.85±0.45 19% 0.28 -0.71 0.008* 

HPG 1.58±0.31 26% 0.40 -2.13 <0.001* 

CMJ Test      

EAPG 

CVHPG 

VPG 

HPG 

48.02±5.56 

43.16±3.67 

45.89±4.06 

42.45±5.56 

11% 

11% 

8% 

12% 

5.10 

4.50 

3.58 

4.34 

-1.94 

-1.02 

-0.87 

-0.60 

<0.001* 

<0.01* 

0.002* 

0.020* 

      

Note: EAPG= Eccentric Accentuated Plyometric Group (Group 1, under-15); CVHPG= Combined Vertical and 

Horizontal Plyometric Group (Group 2, under-17); VPG= Vertical Plyometric Group (Group 3, under-16); HPG= 

Horizontal Plyometric Group (Group 4, under-14). 
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Measurements: 10 and 20 m test (seconds) and RSI (jump height/contact time ÷ 100) 

*Significant difference pre to post training (p≤ 0.05). 

Descriptive Statistics 

Table 4 and 5 outlines the descriptive statistics for each training group (EAPG, CVHPG, VPG 

and HPG) for each of the performance outcome measures (10 m speed, 20 m speed, CMJ, SBJ 

and RSI). 

Table 4: The Mean, St. Error of Mean, St. Deviation, Variance, Range, Minimum and 

Maximum for the EAPG and the CVHPG.  

 

EAPG 

 

Pre-Test 

Mean St. 

Error 

of 

Mean 

St. 

Deviation 

Variance Range Minimum Maximum 

 10 m 1.86 0.03 0.12 0.01 0.38 1.71 2.09 

 20 m 3.11 0.03 0.12 0.01 0.40 2.9 3.30 

 CMJ 48.02 1.31 5.56 30.87 16.50 40.78 57.28 

 SBJ 1.97 0.04 0.17 0.03 0.70 1.55 2.25 

 RSI 2.07 0.11 0.49 0.24 1.57 1.17 2.74 

Post-Test        

 10 m 1.71 0.03 0.14 0.02 0.52 1.49 2.01 

 20 m 2.94 0.04 0.17 0.03 0.85 2.55 3.40 

CMJ 53.12 1.22 5.16 26.64 17.75 44.65 62.40 

 SBJ 2.10 0.04 0.16 0.03 0.60 1.80 2.40 

 RSI 

 

2.75 0.08 0.36 0.13 1.45 2.15 3.60 

CVHPG 

 

       

Pre-Test        

 10 m 1.82 0.02 0.07 0.005 0.26 1.69 1.95 

 20 m  3.20 0.03 0.12 0.01 0.43 3.03 3.46 

 CMJ 43.16 0.86 3.67 13.45 14.22 37.03 51.25 

 SBJ 1.79 0.04 0.15 0.02 0.45 1.55 2.00 

 RSI 1.77 0.09 0.36 0.13 1.23 1.15 2.37 

Post-Test        

10 m  1.77 0.03 0.11 0.01 0.48 1.40 1.88 

20 m 3.17 0.03 0.11 0.01 0.37 2.98 3.35 

CMJ 47.66 1.29 5.48 29.98 20.42 39.70 60.12 

SBJ 1.90 0.03 0.14 0.02 0.50 1.65 2.15 

RSI 2.21 0.07 0.31 0.10 1.06 1.59 2.65 
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Table 5: The Mean, St. Error of Mean, St. Deviation, Variance, Range, Minimum and 

Maximum for the VPG and the HPG. 

 

VPG 

 

Pre-Test 

Mean St. 

Error 

of 

Mean 

St. 

Deviation 

Variance Range Minimum Maximum 

 10 m 1.82 0.02 0.08 0.006 0.29 1.67 1.96 

 20 m 3.19 0.03 0.11 0.01 0.40 3.01 3.41 

 CMJ 45.89 0.96 4.06 16.48 15.13 40.32 55.45 

 SBJ 1.87 0.03 0.14 0.02 0.40 1.70 2.10 

 RSI 1.85 0.10 0.45 0.20 1.60 1.42 3.03 

Post-Test        

 10 m 1.79 0.02 0.08 0.006 0.28 1.67 1.95 

 20 m 3.14 0.03 0.11 0.01 0.39 2.92 3.31 

CMJ 49.47 0.99 4.21 17.69 15.71 41.64 57.35 

 SBJ 1.99 0.04 0.16 0.03 0.65 1.75 2.40 

 RSI 2.12 0.05 0.23 0.05 0.86 1.81 2.67 

 

HPG 

 

       

Pre-Test        

 10 m 1.79 0.01 0.06 0.004 0.23 1.71 1.94 

 20 m  3.29 0.05 0.20 0.04 0.60 3.06 3.66 

 CMJ 42.45 1.31 5.56 30.85 18.63 35.02 53.65 

 SBJ 1.71 0.03 0.14 0.02 0.55 1.50 2.05 

 RSI 1.58 0.07 0.31 0.10 1.01 1.01 2.02 

Post-Test        

10 m  1.77 0.02 0.06 0.004 0.25 1.62 1.87 

20 m 3.16 0.06 0.24 0.06 0.78 2.90 3.68 

CMJ 46.80 1.10 4.68 21.89 18.03 40.95 58.98 

SBJ 1.84 0.03 0.14 0.02 0.51 1.60 2.11 

RSI 1.98 0.09 0.38 0.14 1.37 1.35 2.72 
 

 

 

 

 

 

 



The Effectiveness of Eccentric Accentuated Plyometrics on Jump Performance, Reactive 

Strength and Speed 

 

31 

 

Inferential Statistics Within Group Analysis 

Table 6-9 outlines the statistical analysis within each group, for each performance measure, 

from pre-intervention to post-intervention. A paired-samples t-test was used within each 

group to evaluate the statistical power of each intervention from pre-intervention to post-

intervention. 

Table 6: A paired samples t-test for the EAP Group (under 15’s) comparing within group 

differences from pre-intervention to post-intervention. 

         t  df  p  Cohen's d  

Pre 10m   -   Post 10m   3.861   17   0.001   0.910   

Pre 20m   -   Post 20m   5.455   17   < .001   1.286   

Pre CMJ (cm)   -   Post CMJ (cm)   -8.329   17   < .001   -1.963   

Pre SBJ (m)   -   Post SBJ (m)   -3.464   17   0.003   -0.816   

Pre RSI   -   Post RSI   -8.635   17   < .001   -2.035   

Note.  Student's t-test.  

Table 6 outlines a paired-samples t-test which was conducted within the EAP Group to 

compare performance outcome variables (10m and 20m speed, CMJ, SBJ and RSI) from pre 

to post intervention over a 6-week period.  There was a significant difference in the scores for 

the 10 m speed test from pre-intervention (M= 1.863, SD= 0.12) to post-intervention (M= 

1.709, SD= 0.14) conditions; t (3.861), p= (0.001). There was a significant difference in the 

scores for the 20 m speed test from pre-intervention (M= 3.106, SD= 0.12) to post-intervention 

(M= 2.941, SD= 0.17) conditions; t (5.455), p= (< 0.001). There was a significant difference 

in the scores for the CMJ test from pre-intervention (M= 48.02, SD= 5.56) to post-intervention 

(M= 53.12, SD= 5.16) conditions; t (-8.329), p= (< 0.001). There was a significant difference 

in the scores for the reactive strength index test from pre-intervention (M= 2.07, SD= 0.49) to 

post-intervention (M= 2.7, SD= 0.36) conditions; t (-8.635), p= (< 0.001). These results suggest 

that eccentric accentuated plyometric training has a positive effect on the performance 

variables used in the study. Specifically, when adolescent GAA players (under-15) perform 

this training intervention, twice weekly, for 6-weeks, improvements in performance occur in 

10 and 20 m speed, CMJ, SBJ and RSI. Figure 1-4 shows the data for each participant in the 
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eccentric accentuated plyometric training group from pre-intervention to post-intervention for 

the 10 m speed test, 20 m speed test, CMJ test, SBJ test and the RSI test. Figure 2 shows each 

participants pre-intervention and post-intervention data for the 10 m speed test. The figure 

illustrates the overall greater improvements in 10 m speed from training plyometrics with an 

eccentric load, with most participants decreasing 10 m time as seen by a downward sloping 

line from pre-intervention to post-intervention. 

 

 

Figure 2: Pre-post intervention data for the 10 m speed test for the EAP group. 

Figure 3 illustrates each participants pre-intervention and post-intervention data for the 20 m 

speed test. The figure illustrates the overall greater improvements in 20 m speed from training 

plyometrics with an eccentric load, with most participants decreasing 20 m time as seen by a 

downward sloping line from pre-intervention to post-intervention. 
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Figure 3: Pre-post intervention data for the 20 m speed test for the EAP group 

Figure 4 illustrates each participants pre-intervention and post-intervention data for the RSI 

test. The figure illustrates the overall greater improvements in RSI from training plyometrics 

with an eccentric load, with most participants increasing RSI as seen by an upward sloping line 

from pre-intervention to post-intervention. 
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Figure 4: Pre-post intervention data for the RSI test for the EAP group. 

Figure 5 illustrates each participants pre-intervention and post-intervention data for the CMJ 

test. The figure illustrates the overall greater improvements in CMJ from training plyometrics 

with an eccentric load, with most participants increasing CMJ as seen by an upward sloping 

line from pre-intervention to post-intervention. 

 

1

1.5

2

2.5

3

3.5

4

Pre RSI Post RSI

(j
u

m
p

 h
e
ig

h
t/

c
o

n
ta

c
t 

ti
m

e
 ÷

1
0
0
)

Pre-post RSI EAPG



The Effectiveness of Eccentric Accentuated Plyometrics on Jump Performance, Reactive 

Strength and Speed 

 

35 

 

 

Figure 5: Pre-post intervention individual data set for CMJ test for the EAPG. 

Table 7: A paired samples t-test for the CVHP Group (under 17’s) comparing within group 

differences from pre-intervention to post-intervention. 

         t  df  p  Cohen's d  

Pre 10m   -   Post 10m   1.856   17   0.081   0.437   

Pre 20m   -   Post 20m   2.053   17   0.056   0.484   

Pre CMJ (cm)   -   Post CMJ (cm)   -4.330   17   < .001   -1.021   

Pre SBJ (m)   -   Post SBJ (m)   -3.511   17   0.003   -0.828   

Pre RSI   -   Post RSI   -6.217   17   < .001   -1.465   

Note.  Student's t-test.  

 
Table 7 outlines a paired-samples t-test which was conducted within the CVHP Group to 

compare performance outcome variables (10 and 20m speed, CMJ, SBJ and RSI) from pre to 

post intervention over a 6-week period.  There was no significant difference in the scores for 

the 10 m speed test from pre-intervention (M= 1.818, SD= 0.068) to post-intervention (M= 
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1.771, SD= 0.03) conditions; t (1.856), p= (0.081). There was a significant difference in the 

scores for the 20 m speed test from pre-intervention (M= 3.204, SD= 0.12) to post-intervention 

(M= 3.167, SD= 0.11) conditions; t (2.053), p= (0.056).There was a significant difference in 

the scores for the CMJ test from pre-intervention (M= 43.16, SD= 3.67) to post intervention 

(M= 47.7, SD= 5.48) conditions; t (-4.330), p= (< 0.001) There was a significant difference in 

the scores for the reactive strength index test from pre-intervention (M= 1.76, SD= 0.36) to 

post-intervention (M= 2.21, SD= 0.31) conditions; t (-6.217), p= (< 0.001). These results 

suggest that a combination of vertical and horizontal plyometric training has a significant effect 

on jump related measures: CMJ, SBJ and RSI. In the 10 m speed assessment there was an 

overall improvement in performance from pre-intervention (M= 1.82, SD= 0.07) to post 

intervention (M= 1.78, SD= 0.11) conditions however, this was not significant (p= 0.081). In 

the 20 m assessment there was an overall improvement in performance from pre-intervention 

(M= 3.2, SD= 0.12) to post-intervention (M= 3.17, SD= 0.11) conditions however, this was 

not significant (p= 0.056). Specifically, when adolescent GAA players (under-17) perform 

combined vertical and horizontal plyometrics, twice weekly, for 6-weeks, it results in overall 

improvements in 10 and 20 m speed however, these improvements are not significant. It also 

significantly improves jump related performance measures; CMJ, SBJ and RSI. 

Table 8: A paired samples t-test for the VP Group (under 16’s) comparing within group 

differences from pre-intervention to post-intervention. 

         t  df  p  Cohen's d  

Pre 10m   -   Post 10m   1.013   17   0.325   0.239   

Pre 20m   -   Post 20m   1.402   17   0.179   0.330   

Pre CMJ (cm)   -   Post CMJ (cm)   -3.685   17   0.002   -0.869   

Pre SBJ (m)   -   Post SBJ (m)   -4.599   17   < .001   -1.084   

Pre RSI   -   Post RSI   -3.019   17   0.008   -0.712   

Note.  Student's t-test.  

Table 8 outlines a paired-samples t-test which was conducted within the VP Group to compare 

performance outcome variables (10 m and 20 m speed, CMJ, SBJ and RSI) from pre to post 

intervention over a 6-week period.  There was a no significant difference in the scores for the 

10 m speed test from pre-intervention (M= 1.816, SD= 0.079) to post-intervention (M= 1.793, 
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SD= 0.076) conditions; t (1.013), p= (0.325). There was no significant difference in the scores 

for the 20 m speed test from pre-intervention (M= 3.186, SD= 0.11) to post-intervention (M= 

3.141 SD= 0.11) conditions; t (1.402), p= (0.179). There was a significant difference in the 

scores for the CMJ test from pre-intervention (M= 45.89, SD= 4.06) to post-intervention (M= 

49.47, SD= 4.21) conditions; t (-3.685), p (0.002).There was a significant difference in the 

scores for the reactive strength index test from pre-intervention (M= 1.85, SD= 0.45) to post-

intervention (M= 2.12, SD= 0.23) conditions; t (-3.019), p= (0.008). The results suggest that 

vertical orientated plyometric training does not significantly improve  performance in 10 and 

20 m speed assessments however there was overall improvements in speed performance over 

10 m from pre-intervention (M= 1.816, SD= 0.079) to post-intervention (M= 1.793, SD= 

0.076) conditions and 20 m from pre-intervention (M= 3.186, SD= 0.11) to post-intervention 

(M= 3.141 SD= 0.11) conditions. The results indicate significant improvements in jump related 

measures; CMJ, SBJ and RSI. Specifically, when adolescent GAA players (under-16) perform 

vertical oriented plyometrics, twice weekly, for 6-weeks their performance in speed 

assessments may improve however, the improvement is statistically insignificant (p= > 0.05). 

This training modality significantly improves jump performance measures; CMJ, SBJ and RSI. 

Table 9: A paired samples t-test for the HP Group (under 14’s) comparing within group 

differences from pre-intervention to post-intervention. 

         t  df  p  Cohen's d  

Pre 10m   -   Post 10m   3.291   17   0.004   0.776   

Pre 20m   -   Post 20m   3.489   17   0.003   0.822   

Pre CMJ (cm)   -   Post CMJ (cm)   -2.555   17   0.020   -0.602   

Pre SBJ (m)   -   Post SBJ (m)   -2.907   17   0.010   -0.685   

Pre RSI   -   Post RSI   -9.055   17   < .001   -2.134   

Note.  Student's t-test.  

Table 9 outlines a paired-samples t-test which was conducted within the HP Group to compare 

performance outcome variables (10 and 20m speed, CMJ, SBJ and RSI) from pre to post 

intervention over a 6-week period.  There was a significant difference in the scores for the 10 

m speed test from pre-intervention (M= 1.794, SD= 0.06) to post-intervention (M= 1.766, SD= 

0.06) conditions; t (3.291), p= (0.004). There was a significant difference in the scores for the 
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20 m speed test from pre-intervention (M= 3.291, SD= 0.20) to post-intervention (M= 3.164, 

SD= 0.24) conditions; t (3.489), p= (0.003). There was a significant difference in the scores for 

the CMJ test from pre-intervention (M= 42.45, SD= 5.55) to post-intervention (M= 46.80, SD= 

4.68) conditions; t (-2.555), p= (0.020). There was a significant difference in the scores for the 

reactive strength index test from pre-intervention (M= 1.58, SD= 0.31) to post-intervention 

(M= 1.98, SD= 0.38) conditions; t (-9.055), p= (< 0.001). The results suggest that horizontal 

orientated plyometric significantly improves 10 and 20 m speed and all jump related measures; 

CMJ, SBJ and RSI (p= < 0.05). Specifically, when adolescent GAA players (under-14) used 

horizontal orientated plyometrics, twice weekly, for 6-weeks, their performance significantly 

improves in speed, CMJ, SBJ and RSI.  

Inferential Statistics Between Group Analysis 

 

Table 10: Independent Samples T-Test comparing the EAP Group to the CVHP Group from 

pre-intervention to post-intervention. 

   t  df  p  Mean Difference  SE Difference  Cohen's d  

Pre 10m   1.429   34.00   0.162   0.047   0.033   0.476   

Post 10m   -1.454   34.00   0.155   -0.062   0.042   -0.485   

Pre 20m   -2.510   34.00   0.017   -0.099   0.039   -0.837   

Post 20m   -4.744   34.00   < .001   -0.226   0.048   -1.581   

Pre CMJ (cm)   3.102   34.00   0.004   4.867   1.569   1.034   

Post CMJ (cm)   3.081   34.00   0.004   5.464   1.774   1.027   

Pre SBJ (m)   3.292   34.00   0.002   0.173   0.053   1.097   

Post SBJ (m)   4.008   34.00   < .001   0.203   0.051   1.336   

Pre RSI   2.122   34.00   0.041   0.303   0.143   0.707   

Post RSI   4.801   34.00   < .001   0.539   0.112   1.600   

Note.  Student's t-test.  
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Table 10 outlines an independent samples t-test which was conducted between groups to 

compare the EAPG to traditional modalities of plyometric training interventions, the first being 

the CVPHG, across different performance outcome variables. There was no significant 

difference in scores for 10 m speed test from pre-intervention (MD= 0.047) conditions; t 

(1.429), p= (- 0.162) to post-intervention (MD= -0.062) conditions; t (-1.454), p= (0.155). 

There was a significant difference in the scores for the 20 m speed test from pre-intervention 

(MD= -0.099) conditions; t (-2.510), p= (0.017) to post-intervention (MD= -0.226) conditions; 

t (-4.744), p= (< 0.001).There was a significant difference in the scores for the CMJ test from 

pre-intervention (MD= 4.867) conditions; t (3.102), p (0.004) to post-intervention (MD= 5.464) 

conditions; t (3.081), p (0.004). There was a significant difference in the scores for RSI test 

from pre-intervention (MD= 0.303) conditions; t (2.122), p= (0.041) to post-intervention (MD= 

O.539) conditions; t (4.801), p= (< 0.001). These results suggest that eccentric accentuated 

plyometric training, performed twice weekly, for 6-weeks, by adolescent GAA players, is a 

more effective training modality than combined vertical/horizontal orientated plyometric 

training for improving performance in 20 m speed, CMJ, SBJ and RSI. The eccentric training 

group demonstrate greater overall improvements in 10 m acceleration (-8% and -3% 

respectively) however, this was not significant (Pre-test: p= 0.162, Post-test: p= 0.155). Table 

11 shows the average difference scores for the EAPG compared to the CVHPG, highlighting 

the superiority of the eccentric accentuated training intervention. 

Table 11: The average difference scores for the EAPG and the CVHPG across 10 and 20 m 

speed, CMJ and RSI. 

Average 

Difference 

Scores 

10 m Speed Test 

(seconds) 

20 m Speed 

Test 

(seconds) 

Reactive 

Strength Index 

CMJ Test 

(cm) 

EAPG (n=18) -0.16 -0.16 0.68 5.10 

CVHPG (n=18) -0.05 -0.04 0.44 4.50 
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Table 12: Independent Samples T-Test comparing the EAP Group to the VP Group from pre-

intervention to post-intervention. 

   t  df  p  Mean Difference  SE Difference  Cohen's d  

Pre 10m   1.423   34.00   0.164   0.048   0.034   0.474   

Post 10m   -2.199   34.00   0.035   -0.084   0.038   -0.733   

Pre 20m   -2.178   34.00   0.036   -0.081   0.037   -0.726   

Post 20m   -4.176   34.00   < .001   -0.200   0.048   -1.392   

Pre CMJ (cm)   1.313   34.00   0.198   2.129   1.622   0.438   

Post CMJ (cm)   2.327   34.00   0.026   3.652   1.569   0.776   

Pre SBJ (m)   1.921   34.00   0.063   0.098   0.051   0.640   

Post SBJ (m)   2.134   34.00   0.040   0.114   0.054   0.711   

Pre RSI   1.437   34.00   0.160   0.225   0.156   0.479   

Post RSI   6.244   34.00   < .001   0.629   0.101   2.081   

Note.  Student's t-test.  

Table 12 outlines an independent samples t-test which was conducted to compare the EAPG to 

traditional modalities of plyometric training interventions, the second being the VPG, across 

different performance outcome variables. There was no significant difference in scores for 10 

m speed test for pre-intervention (MD= 0.048) conditions; t (1.423), p= (0.164), however, a 

significant difference was found in post-intervention (MD= -0.084) conditions; t (-2.199), p= 

(0.035). There was a significant difference in the scores for the 20 m speed test from pre-

intervention (MD= -0.081) conditions; t (-2.178), p= (0.036) to post-intervention (MD= -0.200) 

conditions; t (-4.176), p= (< 0.001). There was no significant difference in the scores for the 

CMJ test from pre-intervention (MD= 2.129) conditions; t (1.313), p=(0.198)  however, a 

significant difference was found in post-intervention (MD= 3.652) conditions; t (2.327), p= 

(0.026) There was no significant difference in the scores for RSI test from pre-intervention 

(MD= 0.225) conditions; t (1.437), p= (0.160), however, a significant difference was found for 

post-intervention (MD= 0.629) conditions; t (6.244), p= (< 0.001). These results suggest that 

eccentric accentuated plyometric training, performed twice weekly, for 6-weeks, by adolescent 

GAA players, is a more effective training method than vertical orientated plyometrics for 

improving performance in 10 and 20 m speed, CMJ, SBJ and RSI. Table 13 shows the average 
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difference scores for the EAPG compared to the CVHPG, highlighting the superiority of the 

eccentric accentuated training intervention. 

Table 13: The average difference scores for the EAPG and the VPG across 10 and 20 m speed, 

CMJ and RSI. 

Average 

Difference 

Scores 

10 m Speed Test 

(seconds) 

20 m Speed 

Test 

(seconds) 

Reactive 

Strength Index 

CMJ test 

(cm) 

EAPG (n=18) -0.16 -0.16 0.68 5.10 

VPG (n=18) -0.02 -0.05 0.28 3.58 

 

Table 14: Independent Samples T-Test comparing the EAP Group to the HP Group from pre-

intervention to post-intervention. 

   t  df  p  Mean Difference  SE Difference  Cohen's d  

Pre 10m   2.182   34.00   0.036   0.070   0.032   0.727   

Post 10m   -1.531   34.00   0.135   -0.057   0.037   -0.510   

Pre 20m   -3.453   34.00   0.002   -0.185   0.054   -1.151   

Post 20m   -3.241   34.00   0.003   -0.223   0.069   -1.080   

Pre CMJ (cm)   3.007   34.00   0.005   5.569   1.852   1.002   

Post CMJ (cm)   3.852   34.00   < .001   6.325   1.642   1.284   

Pre SBJ (m)   5.042   34.00   < .001   0.257   0.051   1.681   

Post SBJ (m)   5.307   34.00   < .001   0.266   0.050   1.769   

Pre RSI   3.593   34.00   0.001   0.490   0.136   1.198   

Post RSI   6.273   34.00   < .001   0.772   0.123   2.091   

Note.  Student's t-test.  

Table 14 outlines an independent samples t-test which was conducted between groups to 

compare the EAPG to the HPG, across different performance outcome variables. There was a 

significant difference in scores for 10 m speed test for pre-intervention (MD= 0.070) 
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conditions; t (2.182), p= (0.036), however, no significant difference was found in post-

intervention (MD=-0.057) conditions; t (-1.531), p= (0.131). There was a significant difference 

in the scores for the 20 m speed test from pre-intervention (MD= -0.185) conditions; t (-3.453), 

p= (0.002) to post-intervention (MD= 0.223) conditions; t (-3.241), p= (0.003). There was a 

significant difference in the scores for the CMJ test from pre-intervention (MD=5.569) 

conditions; t (3.007), p= (0.005) to post-intervention (MD= 6.325) conditions; t (3.852), p= (< 

0.001). There was a significant difference in the scores for RSI test from pre-intervention (MD= 

0.490) conditions; t (3.593), p= (0.001) to post-intervention (MD= 0.772) conditions; t (6.273), 

p= (< 0.001). The results suggest that eccentric accentuated plyometric training, performed 

twice weekly, for 6-weeks is an effective training modality for adolescent GAA players for 

improving performance in 20 m speed, CMJ, SBJ and RSI measures compared to a horizontal 

oriented plyometric program. There was an overall greater improvement in 10 m speed in the 

eccentric training group compared to the horizontal orientated plyometric group (-8% and -2% 

respectively) however this was not significant (p= 0.135). Table 10 shows the average 

difference scores for the EAPG compared to the CVHPG, highlighting the superiority of the 

eccentric accentuated training intervention. Table 15 shows the average difference scores for 

the EAPG compared to the CVHPG, highlighting the superiority of the eccentric accentuated 

training intervention. 

Table 15: The average difference scores for the EAPG and the VPG across 10 and 20 m speed, 

CMJ and RSI. 

Average 

Difference 

Scores 

10 m Speed Test 

(seconds) 

20 m Speed 

Test 

(seconds) 

Reactive 

Strength Index 

CMJ test 

(cm) 

EAPG (n=18) -0.16 -0.16 0.68 5.10 

HPG (n=18) -0.03 -0.13 0.40 4.34 

 

Figure 6 shows the group average scores for the EAPG, CVHPG, VPG and the HPG from pre-

intervention to post-intervention for the 10 m speed test. The figure highlights the overall 

greater average decrease in 10 m speed times for the group training plyometrics with an 

eccentric load.  
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Figure 6: Average pre-intervention and post-intervention 10 m speed times for all 4 

intervention groups. 

Figure 7 shows the group average scores for the EAPG, CVHPG, VPG and the HPG from pre-

intervention to post-intervention for the 20 m speed test. The figure highlights the overall 

greater average decrease in 20 m speed times for the group training plyometrics with an 

eccentric load.  
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Figure 7: Average pre-intervention and post-intervention 10 m speed times for all 4 

intervention groups. 

Figure 8 shows the group average scores for the EAPG, CVHPG, VPG and the HPG from pre-

intervention to post-intervention for the RSI test. The figure highlights the overall greater 

average increase in RSI for the group training plyometrics with an eccentric load.  
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Figure 8: Average pre-intervention and post-intervention RSI scores for all 4 intervention 

groups. 

Figure 9 shows the group average scores for the EAPG, CVHPG, VPG and the HPG from pre-

intervention to post-intervention for the CMJ test. The figure highlights the similarities for the 

overall greater improvements in CMJ height for all 4 intervention groups.  
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Figure 9: Average pre-intervention and post-intervention CMJ scores for all 4 intervention 

groups. 

 

Appendix H to M illustrates a more detailed graphical representation of the individual spread 

of data for each of the 4 intervention groups in the 10 and 20 m speed and RSI.  

 

 

 

 

 

 

 

 

 

39

41

43

45

47

49

51

53

55

Pre CMJ Post CMJ

M
e
a
s
u

re
m

e
n

t 
(c

m
)

Pre-Post Average CMJ EAPG
CVHPG
VPG
HPG



The Effectiveness of Eccentric Accentuated Plyometrics on Jump Performance, Reactive 

Strength and Speed 

 

47 

 

Discussion 

Introduction 

The purpose of this study was to examine the effectiveness of eccentric accentuated 

plyometrics on jump performance and speed compared to more traditional methods of 

plyometric training including, vertical-orientated, horizontal-orientated and a combined 

vertical/horizontal-orientated plyometric training approach, in adolescent GAA players 

during the early preseason stage of the competitive period. First, the results indicated that all 

training intervention approaches led to significant improvements in all jump performance 

variables after a 6-week intervention. Second, only the EAP Group and the HP Group 

demonstrated significant improvements in 10 and 20 m speed. Third, the outcomes showed 

different and specific adaptions to each training regimen.  

The null hypothesis of the study was that no statistical significance exists between the EAP 

Group and the 3 traditional training approaches as measured by: 10 and 20 m speed, RSI, SBJ 

and CMJ. Statistical analysis revealed significant differences between the eccentric loading 

protocol and the traditional methods of plyometric training across all the performance 

variables (p= <0.05), contradicting the null hypotheses. As a result, there is enough evidence 

to reject the null hypothesis and accept the superiority of the eccentric training intervention 

compared to the vertical, horizontal and combined vertical/horizontal approach to plyometric 

training. 

The results of this study agree with previous research analysing the effect of plyometric 

training on youth participants. The study reported no cases of injury to any participant as well 

as positive adaptations in each intervention group, supporting the findings of a number of 

researchers in this area ((Lloyd et al, 2013, Faigembaum & Myer, 2010). This study 

improved athletic performance in adolescent GAA players in the Kilkenny development 

squad system, supporting previous research by Faigembaum et al (2009) who investigated the 

effects of plyometric training on youth participants demonstrating positive performance 

adaptations. Myer et al (2006) demonstrated overall improvements in balance after 6-weeks 

of plyometric training. Chaouachi et al (2011) demonstrated similar improvements in balance 

following a plyometric intervention in youth athlete which may have reduced the risk of 

lower extremity injuries within the population group (Zech et al, 2010) 
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Jump Performance Traditional Methods 

The results demonstrated significant improvements, for each training intervention, in each 

jump performance measure: CMJ, SBJ and RSI (p= <0.05). The findings are in accordance 

with Ramirez-Campillo et al (2014), who reported statistically significant differences for each 

plyometric training intervention across 3 jump performance measures: vertical jump, 

horizontal jump and RSI. In that study the vertical-orientated plyometric group significantly 

improved performance in the vertical jump, horizontal jump and RSI assessment (p= ≤0.05, 

p= ≤ 0.05 and p= <0.01 respectively). The horizontal-orientated group improved vertical 

jump by 5.9%, however significant improvements were demonstrated in the horizontal jump 

assessment and RSI (p= <0.01 and p= ≤0.05 respectively). The combined vertical/horizontal 

orientated group significantly improved all 3 jump performance assessments (p= <0.01, p= 

<0.01 and p= <0.01 respectively). Ramirez-Campillo et al (2014) found the combined 

vertical/horizontal training method to be the most effective for improving CMJ and RSI 

performance (12.3% and 17.1% respectively) compared with vertical and horizontal jump 

training alone. This finding is in accordance with the results from this study, where the 

combined vertical/horizontal plyometric training group and horizontal group demonstrated 

greater improvements in CMJ performance (11% and 12% respectively) and the combined 

group alone demonstrated greater improvements in RSI (28%) than the vertical and 

horizontal plyometric training methods alone.  

A plausible rationale for this may be related to the importance of developing rapid force of 

production in both vertical and horizontal planes of movement for significant changes in 

athletic performance in youth participants. The law of specificity, relating to the sport in 

question, must be considered for optimal development of power and athletic performance. 

This finding is supported further by Ramirez-Campillo et al (2015) who demonstrated 

significantly greater improvements in vertical CMJ (12.3%), horizontal CMJ, (19%) and RSI 

(17%) using a combined vertical/horizontal plyometric training approach. Lloyd et al (2012) 

recruited youth participants who demonstrated significantly greater improvements in RSI by 

combining both vertical and horizontal orientated plyometrics (p=0.022). This is also 

supported by Markovic et al (2007) who demonstrated a significantly greater improvement in 

drop jump index using a combined plyometric approach (14.2%, p= <0.001). This study 

supports the findings by Dello Iacona et al (2016) who demonstrated a significant difference 

in CMJ performance (8%, p= 0.001) using vertical-orientated drop jumps as a training 

modality. The study also demonstrated significant changes in RSI from pre-intervention to 
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post-intervention (7.2%, p=0.002). This study demonstrated similar changes of significance 

in CMJ (8%, p=0.002), however, RSI improved significantly (19%, p=0.008). A reasonable 

justification for the difference in percentage improvements may be related to the difference in 

the participants. The study by Dello Iacona et al (2016) recruited highly-trained elite handball 

players (23.4 ± 4.6 yrs) with 8 years of high level practise experience and 6 years of specific 

jump and sprinting training experience compared with VP Group in this study who has 2 

years of high level practise experience with limited exposure to jump and sprint training, 

resulting in greater adaptations in the younger more novice athletes in this study. This is also 

in accordance with Michailidis et al (2013) who reported greater improvements in CMJ 

(18.5%) and DJ (10%) using a combined vertical/horizontal plyometric approach to training, 

Conflictingly, Ramirez-Campillo et al (2018) demonstrated greater improvement in RSI 

(19%) using a vertical-orientated plyometric training intervention which supports Ramirez-

Campillo et al (2014) who found greater improvements for groups training in a similar 

movement plane to the performance tests. Furthermore, Aydogmus (2017) demonstrated 

greater improvements in vertical jump height (26%) using a horizontal-orientated plyometric 

intervention. In this study, the horizontal-orientated group demonstrated greater 

improvements in SBJ (8%) compared with the other groups. This is supported by findings by 

Yanci et al (2016) who reported significant changes in horizontal jump performance using a 

horizontal-orientated plyometric program (p= <0.01).  

A possible reasoning for the improvements in each intervention, in each jump assessment 

may be related to the neurophysiological adaptations, improved utilisation of elastic strain 

energy associated with stretch-shortening cycle function which may have contributed to 

improvements in concentric performance (Wilson & Flanagan, 2008). Moreover, this study 

did not monitor biological maturation. A combination of peak height velocity and peak 

weight velocity may have influenced the development of muscular power (Lloyd, Meyers & 

Oliver, 2011). However, because no physiological measures were tracked, only speculations 

are possible, which was a limitation of this study. 

The magnitude of training effect of this study for slow SSC muscle actions, such as the CMJ 

is in accordance with previous research for the traditional plyometric interventions (d= -0.60-

1.02). Loturco et al (2015) reported similar magnitudes for the CMJ (d=0.59) and Kale 

(2016) reported similar magnitudes for the CMJ (d=0.54). The magnitude of training effect of 

this study for the SBJ is supported by previous research for the traditional plyometric 
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interventions (d=-0.60-1.0). Sohnlein, Muller & Stoggl (2014) demonstrated similar 

magnitudes for the SBJ (d=0.55).  

The magnitude of training effect of this study for fast SSC actions, such as RSI (d=-0.71-

2.13) contradicts findings from Jeffreys et al (2019) who used varying plyometric intensities 

and drop heights, examining their effect on RSI (0.38-0.58). The findings also contract Lloyd 

et al (2012) who used a similar aged cohort and examined effects of plyometric training on 

RSI over a 4-week period, demonstrating mean differences (MD=-0.07-0.09) compared to 

this study (MD=-0.71-2.13). However, the findings in this study are in accordance with 

Markovic et al (2007) who investigated the effects of combined vertical/horizontal 

plyometric training on athletic performance, reporting training effects (d=0.9) which is within 

the range of the findings in this paper. A probable logic for the greater magnitude of change 

in this study may be related to the greater variety in the training stimulus, the intervention 

duration and the greater volume of foot contacts used.  

Jump Performance Eccentric Accentuated Method 

The results of this study indicated a specificity of training effect, where the use of eccentric 

accentuated plyometric exercises induced a significantly greater increase in jump 

performance tests in both the vertical and horizontal plane, compared with a vertical, 

horizontal and a combined vertical/horizontal plyometric training approach (p= <0.05). A 

plausible rationale for this finding is that eccentric accentuated training improves concentric 

muscle power and stretch-shortening cycle performance compared to concentric and 

traditional methods of resistance training (Douglas et al, 2017). It could also be reasoned that 

with the athletes who are already involved in large volumes of training 

(club/school/development squads/other sports) the eccentric training offers a unique training 

stimulus that promotes superior results. The results of significance are in accordance with 

Shepard et al (2008) who demonstrated significant differences between the eccentric 

accentuated group and the body mass group after an acute intervention (p=0.001, d=1.97). 

This is also supported by Shepard, Newton & McGuigan (2007) who demonstrated 

significantly greater improvements in jump height (4.3%, p=0.01), peak power (9.4%, 

p=0.00), peak force (3.9%, p=0.04) and peak velocity (3.1%, p=0.01) in the eccentric 

accentuated plyometric group compared to the body mass group. Furthermore, Aboodarda et 

al (2013) demonstrated that eccentric accentuated training loads significantly improves jump 
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height and contact time compared to unloaded plyometric training methods (p= 0.035 and 

p=0.01 respectively).  

A likely reasoning for the overall greater improvements in the eccentric training group may 

be related to athlete buy-in, regarding the execution of the intervention. The eccentric group 

performed weighted jumps compared to body mass jumps performed in the other intervention 

groups. These young athletes are aware of the training methods used by elite senior inter-

county hurlers, which makes them keen on transitioning into more advanced movements, 

resulting in greater buy-in to the intervention as they see themselves as closer to the elite 

level. These young players are heavily influenced by the senior inter-county players or what 

they are referred to as, proximal role models (Henriksen, 2010). Training with an eccentric 

accentuated load develops greater force compared with unloaded muscle actions, resulting in 

greater muscular strength. Eccentric accentuated movements may recruit fast twitch muscle 

fibres, inactive motor units as well as increased motor unit firing rates and cross bridge 

formation, leading to even greater force production (Hedayatpour & Falla, 2015). 

The magnitude of training effects for eccentric training in this study (d= -2.04), for fast SSC 

muscle actions such as a drop jump conflicts with the findings from Douglas et al (2017) who 

used eccentric training load to investigate its effects on RSI (d= -0.53-0.47). A plausible 

justification for the disparity in magnitude of training effect may be related to inclusion of 

eccentrically loaded drop-jumps, which in both studies may have improved the eccentric 

force capacity of the participants, leading to a greater RSI performance in testing. However, 

the volume of eccentric load in our study was much greater.  

Speed Performance 

The results of this study indicated another specificity of training effect, where the eccentric 

training group (10 m: p=0.001, 20 m: p=<0.001) induced significantly greater improvement 

in speed performance tests over 10 and 20 m, compared with the vertical-orientated and 

combined vertical/horizontal training approach (p= >0.05). These findings contradict Cook, 

Beaven & Kilduff (2013) who investigated the effects of eccentric training on power and 

speed performance. The study demonstrated no significant improvement in 40 m speed (p= 

0.9050). Douglas et al (2017) demonstrated overall improvements in 40 m speed performance 

with a small magnitude of effect (0.07s, d= 0.27) however, no significant changes were 

demonstrated in 10 and 20 m speed (p= > 0.05). A possible logic for the significant 

improvements in 10 and 20 m speed in the eccentric training group may be related to the 
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increased development in power due to the eccentric overload. Power in the product of force 

by velocity. Morin et al (2012) identified horizontal force as a major contributing factor 

during the accelerating phase of a sprint (10 m) as well as sprints over longer distances (20 

m). The eccentric group performed horizontal-orientated plyometrics with eccentric load 

which may have contributed to the overall greater improvements in speed over 10 and 20 m. 

The ability of an individual to apply greater vertical force is a key contributing factor in the 

attainment of maximum velocity which may be a plausible rationale for the significant 

improvements in 20 m speed as the eccentric group performed vertical-orientated movements 

with eccentric overload (Weyand et al, 2000).  

The results of this study indicated a specificity of training effect, where the horizontal-

orientated training group (10 m: p= 0.004, 20 m: p= 0.003) induced significantly greater 

improvements in sprint performance over 10 and 20 m compared with the vertical-orientated 

and combined vertical/horizontal training approach (p= > 0.05). These findings are similar to 

Rimmer & Slievert (2000) who examined the effects of horizontally orientated plyometrics 

on speed performance over 5 and 15 m in soccer players. The study demonstrated significant 

improvements in speed over 10 m (p= 0.001) and speed from 20 to 30 m (p= 0.03). Kale 

(2016) investigated the effects of horizontally-orientated plyometric training and its effects 

on speed over 10 and 20 m. The results are similar to the findings in this study with 

significant improvements in 10 m speed (p= < 0.01) and 20 m speed (p= < 0.01). Chelly et al 

(2014) examined the effects of plyometric training on speed performance over 5 m and 30 m, 

reporting significant improvements in both assessments (p= < 0.001).  

A plausible ground for the significant improvements in 20 m speed in horizontal training 

group may be related to the inclusion of horizontal oriented movements. Kramer, Marrow & 

Leger (1993) reported that drop jumps enhance the ability to develop force rapidly, 

improving maximum rate of force development. This group performed horizontal-oriented 

drop jumps which may be have contributed to the improvements in speed over 20 m. Loturco 

et al (2018) investigated the effects of horizontally orientated power exercises on speed and 

found horizontally-orientated movements to have a greater association in the initial phase of 

sprinting (0-10 m) which may be a possible rationale for the significantly greater 

improvements in the horizontal orientated training group.  
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Conclusion 

This study has shown that eccentric accentuated, vertical-orientated, horizontal-orientated and 

a combined vertical/horizontal orientated plyometric intervention (6weeks) can enhance 

physical performance in adolescent GAA players in the pre-season stage of competition. The 

positive effects on explosive power, jump and speed performance can be explained by the 

choice and type of plyometric exercise (program design, rest intervals, volume/intensity and 

frequency of training). The study shows that eccentric accentuated plyometrics has 

significantly greater effects on jump performance and RSI compared to traditional modalities 

of plyometric training (CVHPG, VPG, HPG). Also, the eccentric accentuated group and the 

horizontal training group has significantly greater effects on speed over 10 and 20 m with 

overall greater improvements noted in the EAP group. Thus, it is recommended that sports 

coaches/trainers implement pre-season eccentric accentuated plyometrics to enhance 

performance of their athletes. Furthermore, the implementation of traditional plyometric 

training methods will also improve physical performance in youth participants. Future research 

is required to fully understand and identify the physiological and hormonal mechanisms 

responsible for performance improvements in eccentric accentuated training and the chronic 

effects of this training modality on physical performance in youths. Furthermore, future 

research into eccentric training should focus on different population groups to extrapolate the 

results to wider populations.  

Practical Application 

The results of this study highlight the potential of using eccentric accentuated plyometrics as a 

training tool to improve the power and speed related components of hurling thought to be 

necessary for success. Hurling match-play is comprised of a large number of sprints (322 m on 

average) and acceleration (188 average per game) which require the physiological skill of lower 

extremity power to assist in the execution of these high intensity movements (Collins et al, 

2017; Comfort et al, 2014). Therefore, strength and conditioning professionals should 

incorporate training interventions such as the eccentric accentuated program into an overall 

conditioning program to facilitate shriving athletes looking to achieve high levels of explosive 

power and speed which are key physiological skills of athletic performance in GAA. 
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Limitations 

Although this study followed a comprehensive design and demonstrated improvements in 

athletic performance, there were some noteworthy limitations. No control group was used as a 

means of comparison to the 4 intervention groups, making it difficult to draw meaningful 

conclusions from the effects of each intervention. A lack of previous research exists on the 

effects of eccentric accentuated plyometrics. Future research is needed to substantiate the 

effects of training plyometrics with an eccentric load. Biological maturation was not monitored 

throughout this study, which may be a possible rationale for the improvements in athletic 

performance. Furthermore, the results only apply to adolescent hurlers, making it difficult to 

extrapolate the findings to a wider population. Finally, each group varied in resistance training 

experience and they were all actively engaged in other sports and possible resistance training 

programs, which may have influenced the findings. 

 Ethical Considerations 

The age range of the participants in this study was 13 to 17. As the participants were under the 

age of 18, it was necessary to have the full consent of the parents. All relevant information was 

outlined on the information sheet which gave a brief overview of the study, its aims as well as 

any possible risks to injury and or performance benefits. It was outlined that the participants 

parents realised that they could withdraw their child from the study at any time. Once the 

consent form was signed, parents and participants were fully aware of the agenda on the 

information sheet. The participants remained anonymous throughout the study and access to 

data was protected using a password-login.  
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Appendices 

Appendix A: The Eccentric Accentuated Plyometric Intervention 

Eccentric Accentuated 

Plyometric Intervention 

 Sets and Reps (Week 1-6) 

Movement 1 Elastic resistance during the 

eccentric phase of the CMJ 

80, 100, 120, 140, 160, 180 

FC 

Movement 2 Eccentric accentuated load 

block jump 

 

Movement 3 Eccentric accentuated load 

during the CMJ using 

dumbbells 

 

Movement 4 Eccentric accentuated load 

during the drop jump using 

dumbells 

NSCA Guidelines 

 (Aboodarda et al, 2013, Shepard, Newton & McGuigan, 2007, Shepard et al, 2008, Aboodarda 

et al, 2014) 

 

Appendix B: The Combined Vertical/Horizontal Plyometric Intervention 

Combined 

Vertical/Horizontal 

Plyometric Group 

 Sets and Reps (Week 1-6) 

Movement 1 Standing Broad Jumps 80, 100, 120, 140, 160, 180 

FC 

Movement 2 Hurlde Jumps  

Movement 3 Countermovement Jump  

Movement 4 Vertical Orientated Drop 

Jump 

NSCA Guidlines 

(Myer et al, 2006, Markovic et al, 2007, Manouras et al, 2016, Dello Iacona et al, 2016) 
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Appendix C: The Vertical Plyometric Training Intervention 

Vertical Plyometric 

Intervention 

 Sets and Reps (Week 1-6) 

Movement 1 The Countermovement Jump 80, 100, 120, 140, 160, 180 

Foot Contacts 

Movement 2 Vertical Oriented Drop Jump  

Movement 3 Double Leg Tuck Jumps  

Movement 4 Single Leg Vertical Jumps NSCA Guidelines 

(Manouras et al, 2016, Dello Iacona et al, 2016 Rimmer and Slievert, 2000, Ramirez Campillo 

2014) 

 

Appendix D: The Horizontal Plyometric Intervention 

Horizontal Plyometric 

Intervention 

 Sets and Reps (Week 1-6) 

Movement 1 Hurdle Jumps 80, 100, 120, 140, 160, 180 

FC 

Movement 2 Standing Broad Jumps  

Movement 3 Horizontal Orientated Drop 

Jump 

 

Movement 4 Single Leg Horizontal Jump NSCA Guidelines 

(Markovic et al, 2007, Myer et al, 2006, Dello Iacona et al, 2016 and Rimmer & Slievert, 2000) 
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Appendix E: The GAA15 Injury Prevention Warm-Up 
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Appendix F: The Configuration Set-Up for the Landing Error Scoring System 

(LESS) 
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Appendix G: The Landing Error Scoring System (LESS) 
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Appendix H: The Spread of Data for Each Participant in Each Group for the 10 

m Speed Pre-Test 
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Appendix I: The Spread of Data for Each Participant in Each Group for the 10 

m Speed Post-Test. 
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Appendix J: The Spread of Data for Each Participant in Each Group for the 20 

m Speed Pre-Test 
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Appendix K: The Spread of Data for Each Participant in Each Group for the 20 

m Speed Post-Test 
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Appendix L: The Spread of Data for Each Participant in Each Group for the RSI 

Pre-Test 
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Appendix M: The Spread of Data for Each Participant in Each Group for the RSI 

Post-Test 
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Appendix N: The Informed Consent Form 

CONSENT FORM 

          

The effectiveness of eccentric accentuated plyometrics on jump performance, reactive 

strength and speed. 

 

Researcher Contact Details:   Nathen Culleton 

085-8137618 

41 O’Loughlin Court, Hebron Road, Kilkenny 

 Please Initial Box 

 

1. I confirm that I have read and understand the information sheet 

for the above study and have had the opportunity to ask 

questions. 

 

  

2. I understand that my participation is voluntary and that I  

 am free to withdraw at any time, without giving reason. 

 

 

3. I agree to take part in the above study. 

 

 

  

4. I agree to the use of anonymised quotes in 

publications  

 

 

 

 

 

Name of Participant    Date    Signature 
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Name of Researcher    Date    Signature 
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