
Reactive Strength Endurance: Part 1

Reactive Strength Endurance: Part 1
The response of reactive strength to fast
stretch-shortening cycle fatigue.
Declan Browne 1, Eamonn Flanagan 2

1Institute of Technology Carlow, Carlow, Ireland, and 2Sport Ireland Institute, National Sports Campus, Dublin, Ireland

Reactive Strength index | Fast SSC | Fatigue

Headline

Reactive strength is a term used to describe the capacity
to switch rapidly from eccentric to concentric contraction

(1) and is commonly assessed using the reactive strength index
(RSI) (2). Traditionally, RSI has been calculated by dividing
jump height or flight time by ground contact time during a
depth jump (1,2). More recently, RSI has been assessed dur-
ing consecutive rebound jumps (3) and has been recommended
to quantify plyometric exercise intensity in order to optimize
training (4). Greater reactive strength has been associated
with greater 10m acceleration (5), change of direction abil-
ity (6) and 60m sprint performance (7). Measures of reactive
strength have also been positively associated with leg-spring
stiffness (8).

Reactive strength is associated with athletic capacities criti-
cal to sport performance, but those capacities can decline dur-
ing continuous fast stretch-shortening cycle activity such as
sprinting (9). Fast stretch-shortening cycles are characterised
by short contraction times (≤250ms) (10) and small angular
displacements at the hips, knees and ankles. To our knowl-
edge, only one previous study has described the response of re-
active strength during repeated fast stretch-shortening cycles
and demonstrated a very strong negative relationship between
RSI and the time duration of the fatigue protocol (11). How-
ever, this study utilised a single-leg protocol on a force sledge
apparatus and as such may have limited application to the
practical training environment. Understanding the fatigue re-
sponse of reactive strength to repeated fast stretch-shortening
cycle activity is important for practitioners to optimise train-
ing interventions. Furthermore, reactive strength endurance
may be an important quality to consider among athletes who
execute repeated fast stretch-shortening cycle activity during
training or competition.

Aim. The aim of the present study was to examine 1) the re-
sponse of reactive strength to a fast stretch-shortening cycle
fatigue protocol and 2) to elucidate the relative contributions
of contact time and jump height to the reactive strength re-
sponse.

Methods
Athletes. Sixteen recreationally trained sports and exercise sci-
ence students (age: 23.1 ± 4.4 years, body mass: 84.9 ± 11.5
kg, height: 179.4 ± 3.9 cm) participated in the study. Ethical
clearance was granted by the University’s ethics committee
and all participating participants provided informed consent.
The study conformed to the recommendations of the Declara-
tion of Helsinki.

Design. Single group, cross sectional study. Participants at-
tended the laboratory on 2 occasions. On both occasions they
performed a standardised dynamic warm-up routine (12) fol-

lowed by the 10-to-5 repeated jump test and a 60-second re-
peated jump test.

Methodology. The first testing session was considered a ha-
bituation session and only data from the second session was
considered for analysis. Both jump tests were performed in
an Optojump photocell system (Microgate, Bolzano, Italy)
with flight time and contact time recorded for each jump.
Jump height was calculated from flight time and the reactive
strength index was calculated as the jump height divided by
contact time. The 10-to-5 repeated jump test was performed
in the manner described by Harper (13). In the 60-second re-
peated jump test, participants were asked to perform continu-

Fig. 1. Changes in reactive strength index (mean ± SD) from RSIMAX in

the 10-to-5 repeated jump test across each time interval in the 60s repeated jump

test. Grey bar: smallest worthwhile change.

Fig. 2. Changes in jump height (mean ± SD) from the 10-to-5 repeated jump

test across each time interval in the 60s repeated jump test. Grey bar: smallest

worthwhile change.
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Table 1. Mean (±SD) for RSI, contact time, jump height and cumulative number of jump for each repeat jump test time
interval.

RSI 1.25 (± 0.36) 1.14 (± 0.30) 1.06 (± 0.31) 1.03 (± 0.27) 0.94 (± 0.25) 0.88 (± 0.24)
Contact Time (s) 0.188 (± 0.025) 0.190 (± 0.021) 0.193 (± 0.023) 0.197 (± 0.023) 0.198 (± 0.022) 0.204 (± 0.027)
Jump Height (cm) 23.0 (± 5.2) 21.4 (± 5.0) 20.1 (± 5.2) 19.9 (± 4.5) 18.5 (± 4.1) 17.6 (± 3.9)

No. Of Jumps 16 (± 2) 33 (± 4) 50 (± 6) 67 (± 8) 84 (± 10) 101 (± 12)

ous vertical rebound jumps with hands akimbo, and they were
instructed to jump as high as possible with minimal ground
contact times (≤250ms) for the entire duration.

Analysis
Reactive Strength Index in the 10-to-5 repeated jump test was
calculated as the average RSI across the 5 highest reps with a
contact time of less than 250ms (13). This metric is further-
more abbreviated as RSIMAX . Considering the recreation-
ally trained level of the participants, the smallest worthwhile
change of the reactive strength index, contact time and jump
height was calculated by the product of 0.35 and the between-
participant standard deviation in the 10-to-5 repeated jump
test (14).

Performance in the 60-second repeat jump test was analysed
in discrete 5-second phases at 5–10s, 15–20s, 25–30s, 35–40s,
45–50s and 55–60s time intervals. Performance decrement of
reactive strength index, contact time and jump height from
each time interval was made in comparison to non-fatigued
performance in the 10-to-5 repeated jump test (RSIMAX). A
post-hoc threshold of 80% of RSIMAX for the 5-10s time pe-

Fig. 3. Changes in contact times (mean ± SD) from the 10-to-5 repeated jump

test across each time interval in the 60s repeated jump test. Grey bar: smallest

worthwhile change.

Table 2. 90% confidence intervals for reactive strength in-
dex as a percentage of RSIMAX and for absolute contact
times for each repeat jump test time interval.

Time
Interval

% RSIMAX Contact Times (s)

5-10s 85 - 90% 0.176 - 0.200s
15-20s 77 - 83% 0.181 - 0.199s
25-30s 70 - 77% 0.182 - 0.204s
35-40s 69 - 76% 0.186 - 0.208s
45-50s 64 - 69% 0.187 - 0.209s
55-60s 59 - 65% 0.191 - 0.217s

riod was applied as an exclusion criterion. Participants who
did not achieve this were deemed to be exhibiting a “pacing”
strategy and were excluded from analysis. Five of the 16 par-
ticipants were excluded from the study on this basis. Eleven
datasets were available for analysis.

The magnitude of difference from non-fatigued performance
in the 10-to-5 repeated jump test was assessed using qualita-
tive probabilistic inference of the true effect (15). If the prob-
abilities of the effect being substantially positive and negative
were both >5%, the effect was reported as unclear; the ef-
fect was otherwise clear and reported as the magnitude of the
observed value. Threshold values for magnitude of difference
were >0.35 (small), >0.8 (moderate) and >1.5 (large). Mean
(±SD) data for RSI, contact times, jump height and cumula-
tive number of jumps completed are presented for each repeat
jump test time interval. Ninety-percent confidence intervals
for RSI as a percentage of RSIMAX and for absolute contact
times are presented for each repeat jump test time interval.

Results
The mean RSIMAX for the group in the 10-to-5 repeated jump
test was 1.45 (± 0.42). Participants performed a total of 101
(±12) jumps in the 60s repeated jump test. In the 60s repeated
jump test, a clear progressive decrease in reactive strength was
observed in comparison to RSIMAX with small to large effect
sizes (see figure 1). Similarly, jump height progressively de-
creased in comparison to jump heights in the 10-to-5 repeated
jump test with small to large effect sizes (see figure 2). No
meaningful changes in contact time were observed from 5-10s
to the 45-50s time intervals in comparison to the contact times
exhibited in the 10-to-5 repeated jump test. However, a likely
small increase in contact times were observed at the 55-60s
time interval.

Discussion
This study examined the response of reactive strength to a
fatiguing fast stretch-shortening cycle protocol. The primary
finding was that reactive strength fatigue occurred during the
60-second repeat jump test. Specifically, a small level of re-
active strength fatigue was present after 5-10s of continuous
rebound jumps, and progressively decreased to a large level at
the end of the 60-second protocol. This was in agreement with
previous research (11). Furthermore, reactive strength fatigue
appeared to primarily related to reduced jump height as con-
tact times were maintained until the 55-60s time interval.

Practical Applications
Much has been made of the specificity of plyometric training
and that training one stretch-shortening cycle type may not
transfer to another. Consequently, repetition ranges during
fast stretch-shortening cycle exercise are typically kept low to
ensure appropriate contact times (≤250ms) and to maintain
the exercise intensity. Contact times can be maintained during
fast stretch-shortening cycle jumps repeated across extended
durations (45-50s) and a large number of repetitions (84±10).
Even in the 55-60s time interval, when contact times likely

sportperfsci.com 2 SPSR - 2018 | Mar | 18 | v1



Reactive Strength Endurance: Part 1

increased, times were still within the fast stretch shortening
cycle threshold of 250ms.

These data provide practitioners with initial empirical
guidelines as to the effect of prolonged serial fast stretch-
shortening cycle exercise on reactive strength, contact time,
and jump height. Extensive plyometric regimes are used, in
practice, to develop conditioning of the foot-ankle-calf com-
plex. The development of reactive strength endurance, lead-
ing to a reduction in fast stretch-shortening cycle fatigue may
benefit athletes who experience performance decreases dur-
ing events requiring repeated fast stretch-shortening cycle ac-
tions. The development of reactive strength endurance may
also build work capacity for more intensive plyometric and
speed training. Assessment of reactive strength endurance
may facilitate decisions about return-to-play after lower ex-
tremity injury and rehabilitation.

Limitations
� A major limitation of this study is that the reliability of

the 60-second repeat jump test has not been established.
� The limited sample size and recreational levels of the par-

ticipants ensures that replication studies are necessary to
validate these findings.

� The exclusion criteria for pacing strategies in the 60-second
repeat jump was applied post-hoc. In future studies a priori
objective thresholds should be established and applied.

� Anecdotally, the 60s repeated jump test is associated with
a high degree of delayed onset muscle soreness among recre-
ationally trained participants. It is unclear if highly trained
athletes would experience as much soreness from this proto-
col. More research is needed to determine the appropriate-
ness of this reactive strength fatigue protocol among elite
athletes.

� In this study, RSI was calculated as jump height divided
by contact time. However, it can be argued that calculat-
ing RSI as a quotient of flight time to contact time may be
more appropriate as this produces a unit-less metric. In the
practical setting, it is our observation that the jump height
method is more commonly used by practitioners and jump
height is a more intuitive metric for coaches and athletes to
comprehend. We accept that the flight time method may
be more empirically valid. Ultimately practitioners should
be aware that while both methods will provide differing ab-
solute values, they will also be perfectly correlated as jump
height is derived directly from flight time.
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