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This study examined the role of maximal strength in plyometric exercise performance in 
twenty strength-trained rugby players. Players’ maximal leg strength was assessed using 
a 3 or 5RM barbell back squat strength testing procedure. Plyometric ability was 
assessed using ground contact times and the reactive strength index variable during 
depth jumps from a variety of box heights (12, 36 and 51cm) performed on a force plate. 
The data indicated a strong positive relationship between strength levels and plyometric 
ability. Stronger subjects achieved better reactive strength indices than weaker 
counterparts and are more capable of performing depth jumps at higher intensities. 
Stronger athletes may benefit more from fast SSC plyometric training than their weaker 
counterparts. 
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INTRODUCTION: Plyometric exercises use rapid, powerful movements that are preceded by 
a preloading countermovement that activates the stretch-shortening cycle (SSC). 
Schmidtbleicher (1992) has suggested that the SSC can be classified as either slow or fast. 
These SSCs are underpinned by different biomechanical mechanisms. The fast SSC is 
characterized by short contraction or ground contact times (CT) or 0.25 seconds or less and 
small angular displacements of the hips, knees, and ankles. Depth jumps are one of the most 
commonly used fast SSC plyometric exercises. A depth jump requires the athlete to step 
from a specific box height and, on landing on the ground, perform a maximal effort vertical 
jump with a short ground-contact period. The intensity of plyometric depth jumps is 
determined by the height of box used: the greater the box height, the greater the eccentric 
loading the player must overcome to successfully complete the jump. Fast SSC plyometrics 
are commonly used in training for strength and power sports such as rugby. Plyometric 
exercises have been demonstrated to improve power output (Luebbers et al. 2003), agility 
(Miller et al. 2006) and running economy (Saunders et al. 2006). 
The reactive strength index (RSI) describes an individual’s ability to explosively transition 
from an eccentric to concentric muscular contraction (Young, 1995). The RSI can be used to 
optimise box height during depth jump training or to assess improvements in reactive 
strength following a plyometric training intervention (Flanagan & Comyns, 2008).  Strength is 
the ability to generate maximal external force. Traditionally, lower body maximal strength is 
trained and/or assessed through resistance training exercises such as the barbell bar squat. 
Anecdotally it has been suggested that athletes should reach a specific level of lower body 
strength before undertaking specific plyometric exercises such as depth jumps. While studies 
have examined the relationship between maximal strength and jumping ability, research has 
not been undertaken which investigates the relationship between maximal strength and fast 
SSC plyometric ability using the RSI. The goal of this study was to examine the role of 
maximal strength in plyometric exercise performance and to establish optimal box heights for 
use in plyometric depth jumping for rugby players of specific strength levels. 
 
METHOD: Data Collection: Twenty rugby players (mean ± SD: age 19 ± 2 years; height 183 
± 8 cm; and weight 95 ± 12 kg) were recruited for participation in the study. The players were 
members of a national rugby academy (n=12 talent identified, full-time athletes) or a sub-
academy rugby program (n=8 talent identified, amateur players). Ethical approval was 
obtained from the University’s ethics committee and the national governing rugby union. For 
players under the age of 18 years written parental consent was obtained. All players were 

failed to find significant differences between the groups, but have reported medium effect 
sizes, suggesting that bowlers with larger SCR use a greater amount of lumbar flexion-
extension (Burnett et al., 1998) and lower trunk lateral flexion (Ranson et al., 2008) range of 
motion throughout the delivery stride. Differences in the biomechanical model and statistical 
techniques used may account for the differences between previous findings and the current 
study. 
Large lumbar rotation ROM between FFC and ball release was associated with higher peak 
flexion moments and greater SCR. There was also a trend for SCR to be correlated with the 
peak flexion moment. Spondylolysis occurs in athletes that perform repetitive flexion-
extension of the trunk in combination with rotation (Brukner & Kahn, 2007; d'Hemecourt et 
al., 2000). Future research should therefore investigate whether the combination of large 
lumbar rotation ROM and high flexion moments during fast bowling are associated with the 
development of spondylolysis. 
 
CONCLUSION: Large SCR has been linked with spondylolysis development in fast bowlers 
although the direct mechanism has been unclear. The results of this investigation suggest 
that SCR may be representative of the magnitude of lumbo-pelvic rotation ROM, which in 
turn is associated with increased lumbar flexion moments. This finding is significant as SCR 
is relatively simple field based screening tool, whereas the determination of lumbar 
mechanics requires more sophisticated laboratory based analyses.  Future research is 
required to quantify the link between these variables and the development of spondylolysis. 
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1RM/BW) (p=0.001). The stronger INT group produced higher RSI across all box heights and 
produced greater pRSI as evidenced by moderate effect sizes (d = 0.78 to 0.99). The 
difference in RSI between groups was statistically significant at the high box height (p=0.04). 
The difference between groups in pRSI showed trend level significance (p=0.06). 
 

 
Figure 1: The relationship between maximal relative strength and reactive strength (n=20) 

 

 
Figure 2: RSI and pRSI across box heights for the INT and NOV groups. * denotes significant 

difference between groups (p<0.05) 
 
Average CT for the INT group was 0.21s (±0.05), 0.22 (±0.03), 0.23s (±0.04) for the low, 
medium and high boxes respectively. The average mCT value was 0.21s (±0.04). For the 
NOV group average CT was 0.21s (±0.05), 0.25 (±0.05), 0.24s (±0.04) for the low, medium 
and high boxes respectively. The average mCT value for the INT group was 0.21s (±0.04). 
There were no statistically significant differences in CT or mCT observed between the 
groups. Small effect sizes were in evidence at the low and high box heights (d = 0.01 and 
0.43 respectively) and a moderate effect size was seen at the medium box height (0.68). A 
small effect size was present between groups in the mCT variable (d = 0.43).  
 
DISCUSSION: To our knowledge this was the first study to examine the relationship between 
maximal strength and the plyometric monitoring variable of RSI in high level rugby players. 
The goal of this study was to elucidate the role of maximal strength in plyometric exercise 
performance and to attempt to establish optimal box heights for use in plyometric depth 
jumping for rugby players of specific strength levels. The primary finding of this study was the 
existence of a strong positive relationship between lower body strength levels and plyometric 
ability. This is in agreement with previous research by Wisloff et al. (2004) using slow SSC 

involved in regular strength training under the supervision of strength and conditioning 
professionals. Players‘ lower body strength levels were assessed in the barbell back squat 
exercise. A 3 or 5 repetition maximum (RM) test was used for each player depending on their 
individual training status. Players‘ reactive strength abilities were assessed using a B1400 
series force platform (Ballistic Measurement FT 700 Power System, Fit-Tech, Australia) 
which sampled at 200Hz. Players performed depth jumps with hands on hips from 12, 36, 
and 51-cm high boxes onto the platform. Players were given a verbal instruction of the 
jumping action to be used. Staying on the balls of the feet and getting off the ground quickly 
on each jump was strongly emphasised. The players were given a visual demonstration of 
the jumping action to be used. Players performed two practice jumps at each height. Data 
was recorded during two depth jumps performed at each box height in a randomised order. A 
1-minute rest interval was used between each jump. Testing for maximal strength and 
reactive strength took place in a randomised order within a 4-week testing window. 
Data Analysis: All strength testing scores were converted to 1RM equivalents based on an 
established percentage 1RM-relationship (Baechle and Earle, 2008). These 1RM scores 
were divided by the player‘s body weight to give a relative strength score. In the reactive 
strength testing protocol the instants of initial foot contact, take-off and landing were 
identified using the force traces collected for every jump performed. Contact time (CT) was 
defined as the time between initial foot contact and take-off. Flight time (FT) was calculated 
as the time between take-off and landing. RSI was calculated as the height jumped divided 
by CT, with jump height approximated as (9.81 * FT2)/8. The trial to trial reliability of 
calculating RSI in this manner has been established (Flanagan et al., 2008).The calculated 
CT and RSI for both jumps at each box height were averaged for each player. From these 
averages each player’s peak RSI (pRSI) and minimum CT (mCT) were also identified across 
all box heights. The overall group (n=20) was divided into two groups consisting of the top 8 
and bottom 8 players based on relative strength. The top 8 group (INT) were of intermediate 
strength levels (1.9 1RM/BW) while the bottom 8 group (NOV) were of novice strength levels 
(1.5 1RM/BW). The middle 4 players were excluded from group analyses. Differences 
between these groups were investigated to elucidate the role of maximal strength in 
plyometric ability. 
Statistical Analyses: The relationship between maximal strength and reactive strength and 
the relationship between pRSI and the box height at which it was performed was investigated 
across all players (n=20) using correlation analysis. The strength of these relationships were 
expressed using the correlation coefficient (r) and the variance explained statistic (r2). The 
calculated correlation coefficient was interpreted using Cohen’s scale for correlation 
classification reported by Hopkins (2004). The dependent variables of CT and RSI were 
compared between the INT and NOV groups across all box heights. The pRSI and mCT 
were also compared between groups. These comparisons were conducted by using 
independent sample t-tests with 95% confidence intervals. Effect sizes were used to 
determine the magnitude of difference between groups. These were calculated using 
Cohen’s d and interpreted using the scale for effect size classification by Hopkins (2004). 
 
RESULTS: A strong positive correlation was observed between relative strength and RSI. 
The correlation coefficient (r) was 0.632 with a variance explained statistic (r2) of 0.399. This 
suggests that changes in maximal strength can account for approximately 40% of changes in 
reactive strength. Of the 20 players tested, 7 produced their pRSI at the lowest box height 
(35%), 5 at the medium box height (25%) and 8 at the highest box height (40%). Across all 
20 players no relationship between pRSI and the box height at which it was performed was 
observed (r = 0.01). In the INT group, 4 players produced their pRSI at the low box height, 1 
at the medium box height and 3 at the high box height. In the NOV group, 2 players 
produced their pRSI at the low box height, 3 at the medium box height and 3 at the high box 
height. 
Average RSI for the INT group was 1.47 (±0.4), 1.45 (±0.36), 1.57 (±0.33) for the low, 
medium and high boxes respectively. The average pRSI value was 1.62 (±0.33). For the 
NOV group average RSI was 1.13 (±0.43), 1.12 (±0.38), 1.17 (±0.37) for the low, medium 
and high boxes respectively. The average pRSI value was 1.25s (±0.38). The INT group had 
a significantly greater relative strength (1.9 1RM/BW) compared with the NOV group (1.5 
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0.43 respectively) and a moderate effect size was seen at the medium box height (0.68). A 
small effect size was present between groups in the mCT variable (d = 0.43).  
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maximal strength and the plyometric monitoring variable of RSI in high level rugby players. 
The goal of this study was to elucidate the role of maximal strength in plyometric exercise 
performance and to attempt to establish optimal box heights for use in plyometric depth 
jumping for rugby players of specific strength levels. The primary finding of this study was the 
existence of a strong positive relationship between lower body strength levels and plyometric 
ability. This is in agreement with previous research by Wisloff et al. (2004) using slow SSC 
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professionals. Players‘ lower body strength levels were assessed in the barbell back squat 
exercise. A 3 or 5 repetition maximum (RM) test was used for each player depending on their 
individual training status. Players‘ reactive strength abilities were assessed using a B1400 
series force platform (Ballistic Measurement FT 700 Power System, Fit-Tech, Australia) 
which sampled at 200Hz. Players performed depth jumps with hands on hips from 12, 36, 
and 51-cm high boxes onto the platform. Players were given a verbal instruction of the 
jumping action to be used. Staying on the balls of the feet and getting off the ground quickly 
on each jump was strongly emphasised. The players were given a visual demonstration of 
the jumping action to be used. Players performed two practice jumps at each height. Data 
was recorded during two depth jumps performed at each box height in a randomised order. A 
1-minute rest interval was used between each jump. Testing for maximal strength and 
reactive strength took place in a randomised order within a 4-week testing window. 
Data Analysis: All strength testing scores were converted to 1RM equivalents based on an 
established percentage 1RM-relationship (Baechle and Earle, 2008). These 1RM scores 
were divided by the player‘s body weight to give a relative strength score. In the reactive 
strength testing protocol the instants of initial foot contact, take-off and landing were 
identified using the force traces collected for every jump performed. Contact time (CT) was 
defined as the time between initial foot contact and take-off. Flight time (FT) was calculated 
as the time between take-off and landing. RSI was calculated as the height jumped divided 
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all box heights. The overall group (n=20) was divided into two groups consisting of the top 8 
and bottom 8 players based on relative strength. The top 8 group (INT) were of intermediate 
strength levels (1.9 1RM/BW) while the bottom 8 group (NOV) were of novice strength levels 
(1.5 1RM/BW). The middle 4 players were excluded from group analyses. Differences 
between these groups were investigated to elucidate the role of maximal strength in 
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the relationship between pRSI and the box height at which it was performed was investigated 
across all players (n=20) using correlation analysis. The strength of these relationships were 
expressed using the correlation coefficient (r) and the variance explained statistic (r2). The 
calculated correlation coefficient was interpreted using Cohen’s scale for correlation 
classification reported by Hopkins (2004). The dependent variables of CT and RSI were 
compared between the INT and NOV groups across all box heights. The pRSI and mCT 
were also compared between groups. These comparisons were conducted by using 
independent sample t-tests with 95% confidence intervals. Effect sizes were used to 
determine the magnitude of difference between groups. These were calculated using 
Cohen’s d and interpreted using the scale for effect size classification by Hopkins (2004). 
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The correlation coefficient (r) was 0.632 with a variance explained statistic (r2) of 0.399. This 
suggests that changes in maximal strength can account for approximately 40% of changes in 
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(35%), 5 at the medium box height (25%) and 8 at the highest box height (40%). Across all 
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Vertical jump performance is of a high importance in order to achieve sporting success in 
both team and individual sports. The purpose of our study was to describe the force 
generation in basketball players. An additional purpose was to compare SJ and CMJ 
force generation among male basketball players and non-trained males. Basketball 
players jumped higher produced higher peak force and higher power than non-trained 
males in SJ and CMJ, however both had the same impulse time. 
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INTRODUCTION: Vertical jump ability has provoked significant interest among sports 
scientists for several reasons. First, vertical jumping ability plays an important role in 
performance levels in many sports and recreational activities, second, because different 
kinds of vertical jump have become biomechanical and neurophysiological models of muscle 
study and finally, vertical jumps are a very popular test to assess muscle power (Ugarkovic, 
Matavulj, Kukolj, & Jaric, 2002). 
Each person’s ability to jump depends on a combination of physical attributes such us force, 
power, anthropometric factors etc, nevertheless it is very important to identify critical factors 
that determine the performance (Bobbert, Gerritsen, Litjens, & Van Soest, 1996). There are 
not much physically sound reasons about the biomechanical and anthropometric factors that 
determine jumping performance. Some reports indicate that the height reached in a vertical 
jump depends mainly on the strength generated during the impulse phase of the jump and 
the rate of force development (Aragón Vargas & Gross, 1997a, 1997b). 
The aim of this study was to describe the force generation curve during a vertical jump in 
basketball players. Another objective was to describe the differences in the force generation 
curves during a vertical jump between basketball players and non-trained subjects (but 
physically active) to detect the main differences between trained and non-trained subjects 
when they are generating force during a vertical jump.  
 
METHODS: Twenty two males volunteered to participate in this study. Ten of them were 
Basketball players (Liga Española de Baloncesto Amateur – EBA league), and the other 
twelve were Physical Education students. Subjects´ characteristics are given in Table 1. 
The study was approved by the UCAM ethics committee and all subjects signed an informed 
consent form prior to the start of testing procedures. 
The jumping test consisted of a maximal vertical squat jump (SJ) in a static semi squat 
position with a knee flexion of 90º. The subjects then performed a maximal countermovement 
jump (CMJ) starting from a standing position with a downward movement, which was 
followed immediately by a maximal vertical jump. The subjects kept their hands on their hips 
throughout the jumps, in order to avoid the possible contribution of the arms to the jump. 
Both jumps were performed on a force platform (Dinascan/ IBV. 8.1. Valencia. Spain) and 
samples were taken at 500 Hz. Three maximal jumps were recorded in all cases and the 
best trial according to jump height was used for further analysis. From the force plate 
recordings the following variables were calculated: the jump height, in cm (JH); the maximal 
force developed during the jump, in N (Fmax); the mean power output (Pmean) in W; the 
positive and negative mechanical impulse, in N.s (MI); the duration of the vertical impulse 
phase (Ti), in s; the time taken to achieve maximal force (TFmax), in s; the maximal rate of 
force development (RFDmax), in N.s-1. The mean power output was obtained by dividing the 
change in potential energy (mgh, where m is the body mass, g the acceleration of gravity and 
h the flight height) by the time needed to jump (impulse time). Statistical analyses were 

vertical jumps. In the present study, players with higher levels of maximal relative strength 
demonstrated moderately higher levels of RSI in depth jumps across a variety of box heights 
and produced statistically significant greater RSI at the highest box height (51cm).  
No differences were found between the INT and NOV groups in CT at any of the box heights. 
Strength levels did not appear to affect players’ ability to react off the ground quickly and 
execute the fast SSC during depth jumping. Both groups successfully completed the jumps 
with an average CT of less than the fast SSC classification of Schmidtbleicher of 0.25s. This 
suggests that players with relative strength levels of between 1.5 to 1.9 1RM/BW can 
effectively perform the fast SSC in depth jumps from box heights of 51cm and below. The CT 
data also suggests that although the INT and NOV players spent the same time periods in 
contact with the ground during each jump, the stronger, INT players used this time more 
effectively and were able to produce greater RSI scores in the same amount of time. This 
finding indicates that stronger athletes may benefit more from fast SSC plyometric training 
than their weaker counterparts and that maximal strength should be trained in conjunction 
with fast SSC plyometrics. This finding is in keeping with anecdotal opinion that a reasonable 
level of maximal strength must be in place before athletes incorporate fast SSC plyometrics 
in their training regimens.  
No strong rationale for box height selection based on strength levels can be made from this 
study. Players demonstrated highly individualised performances from the varying box 
heights. While stronger players did produce higher RSIs at all box heights, they did not 
demonstrate a trend for more successful performance at any given box height. Different 
players performed better at different heights regardless of strength levels. 
 
CONCLUSION: Stronger rugby players tended to perform plyometric depth jumps more 
effectively than their weaker counterparts and were more capable in performing higher 
intensity depth jumps from higher box heights. To optimise the outcome from fast SSC 
plyometric training a good level of maximal strength should be acheived before undertaking 
high intensity exercises (>1.5 1RM/BW). During depth jumps different players performed 
better at different box heights regardless of strength levels. Strength and conditioning 
coaches should use an individualised testing procedure, as outlined in this study, to identify 
individual player’s optimal box height for use in depth jump training.  
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