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Objectives:  To  determine  the  effect  of  performing  depth  jumps  (DJ) pre-exercise  on  running  economy
(RE)  and  time  to  exhaustion  (TTE)  at the  speed  associated  with  maximal  oxygen  uptake  (sV̇O2max) in a
group  of  high-performing  junior  middle-distance  runners.
Design:  Randomized  crossover  study.
Methods:  Seventeen  national-  and  international-standard  male  distance  runners  (17.6  ±  1.2  years,
63.4  ±  6.3  kg,  1.76 ± 0.06 m,  70.7  ±  5.2  mL kg−1 min−1) completed  two  trials.  Following  a  5 min  warm-up
at 60% V̇O2max, participants  performed  a  5  min  run  at  20%�  below  oxygen  uptake  corresponding  with
lactate  turn-point  to  determine  pre-intervention  RE.  Participants  then  completed  either  six  DJ  from  a box
equivalent  to  their  best  counter-movement  jump  (CMJ)  or a control  condition  (C)  involving  body  weight
quarter  squats.  After  a 10 min  passive  recovery,  another  5 min  sub-maximal  run  was performed  followed
by a run  to  exhaustion  at sV̇O2max.
Results:  Compared  to the  C trial,  DJ produced  moderate  improvements  (−3.7%, 95%  confidence  interval
for  effect  size:  0.25–1.09)  in  RE, which  within  the  context  of minimal  detectable  change  is  considered

possibly  beneficial.  Differences  in TTE  and  other  physiological  variables  were  most  likely  trivial  (ES:
<0.2).  Individual  responses  were  small,  however  a partial  correlation  revealed  a  moderate  relationship
(r =  −0.55,  p  = 0.028)  between  change  in  RE  and CMJ  height.
Conclusions:  The  inclusion  of a set  of six DJ in the  warm-up  routine  of  a  well-trained  young  male  middle-
distance  runner  is likely  to provide  a  moderate  improvement  in  RE.

©  2018  Sports  Medicine  Australia.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Warm-up strategies for endurance athletes typically aim to

chieve acute metabolic and cardiovascular adjustments, which
nhance the oxygen uptake (V̇O2) kinetic response.1 Distance
unning performance is underpinned by several important phys-

Abbreviations: C, control condition; CI, confidence interval; CMJ, counter-
ovement jump; DJ, depth jumps; HR, heart rate; LTP, lactate turnpoint; MDC95,
inimal detectable change (95% confidence); MLC, myosin light chains; PAPE, post-

ctivation performance enhancement; RE, running economy; sLTP, speed associated
ith lactate turnpoint; sV̇O2max, speed associated with V̇O2max; TE, typical error; TTE,

ime  to exhaustion.
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iological determinants, which are limited by metabolic and
cardiovascular factors, however neuromuscular characteristics also
play an important role.2 It is currently unknown whether high-
intensity strength-based activities incorporated into a warm-up are
capable of acutely activating the neuromuscular system, thus pro-
viding additional benefits to the determinants of performance in
distance runners.

For short-duration athletic tasks, such as sprints and jumps,
there is a large body of evidence demonstrating possible improve-
ments in performance 5–12 min  after completion of a ballistic
exercise (e.g. plyometrics) or a heavy resistance exercise (>85%
one repetition maximum).3,4 This enhancement of voluntary

movement has been referred to as ‘post-activation performance
enhancement’ (PAPE),5 and can be explained by a number of
physiological mechanisms. Most notably, acute enhancement in

d.
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Table 1
Characteristics of study participants (n = 17). V̇O2max = maximal oxygen uptake,
sLTP = speed at lactate turn point, sV̇O2max = speed associated with maximal oxygen
uptake, CMJ  = counter-movement jump.

Characteristic Mean ± SD

Age (years) 17.6 ± 1.2
Body mass (kg) 63.4 ± 6.3
Stature (m)  1.76 ± 0.06
V̇O2max (mL  kg−1 min−1) 70.7 ± 5.2
sLTP (km h−1) 16.7 ± 1.4
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sV̇O2max (km h−1) 21.7 ± 1.4
CMJ  (m) 0.416 ± 0.065

oluntary movement have often been attributed to a ‘poten-
iation’ response, which increases myosin light chains (MLC)
hosphorylation, thereby enhancing rate of force development.6

owever, this effect is short-lived (∼5 min)7 and has rarely been
bserved during voluntary contractions. Other unrelated physi-
logical effects that may  explain a PAPE include: an increase in
uscle temperature,8 modulation of the H-reflex,9 an increase in
otor unit recruitment,6 elevations in hormones,10 and changes

n limb stiffness.3 Although, some of these mechanisms have been
hown to facilitate a short-term improvement in explosive power
erformance, there has been recent speculation that endurance-
elated outcomes may  also benefit.11

Improvements in RE and time-trial performance have been
eported following a chronic strength training intervention,12 how-
ver only a few studies have reported how these methods might
cutely enhance these parameters.13–15 A series of sprints (6 × 10 s)
earing a weighted vest prior to an incremental treadmill run has

een shown to improve peak running speed and RE via changes in
eg stiffness, compared to a warm-up which included non-weighted
prints.13 High-load resistance exercise has also been shown to
nhance 20 km time-trial performance in well-trained cyclists.15

 similar finding was observed in a group of elite rowers during a
 km time trial, with power in the first 500 m displaying improve-
ent following a series of 5 × 5 s isometric contractions on the

owing ergometer.14 Both of these investigations14,15 attributed
he improvements to a potentiation response. A PAPE is transient,
herefore selecting an appropriate recovery duration following a
trength-based stimulus is crucial to ensuring fatigue has dissi-
ated sufficiently yet a post-activation state remains. A rest period
f 5–10 min  following a set of voluntary contractions has been sug-
ested for endurance athletes,11 and the aforementioned studies in
ndurance runners13 and cyclists15 utilized a 10 min  recovery.

Simple strategies incorporated into warm-up routines, which
ave the potential to improve performance, are likely to be of
onsiderable interest to athletes and their coaches. Chronic plyo-
etric training has been shown to enhance RE and performance12

nd plyometrics have been used to acutely enhance sprint perfor-
ance in athletically trained males.16 Importantly, plyometrics do

ot require specialist or cumbersome equipment and can be easily
tilized in a field-based setting with athletes. Based on the afore-
entioned information, we conjecture that a simple plyometric

xercise would improve RE and performance. Consequently, the
im of this study was to examine the influence of performing depth
umps (DJ) on RE and TTE in a group of high-performing junior

iddle-distance runners.

. Methods

Following institution level ethical approval and in accordance

ith the Declaration of Helsinki, 17 junior male middle-distance

unners of national and international standard took part in this
tudy (Table 1). All participants were classified as post-pubertal
≥1 year) based upon a calculation of predicted maturity offset17
edicine in Sport 22 (2019) 239–244

and were free of injury. Participants (and parents/guardians for
those <18 years) were informed of the purpose of the investigation
and thereafter provided written, informed consent to take part.

Participants attended the laboratory on three occasions, each
separated by 2–7 days. Trials were completed at the same
time of day under similar conditions (barometric pressure:
750–770 mmHg, temperature: 16.0–19.3 ◦C, relative humidity:
30–43%) on a motorized treadmill (HP Cosmos Pulsar 4.0, Cos-
mos  Sports & Medical GmbH, Munich, Germany). Participants were
requested to arrive in a hydrated state, at least 2 h post-prandial and
having not participated in any strenuous exercise in the preceding
24 h.

The first testing session involved a discontinuous submaximal
incremental running assessment followed by a V̇O2max test with
the treadmill gradient inclined to 1% throughout. Following a 5 min
warm-up, participants completed 5–7 bouts of running each lasting
3 min  with 30 s passive rest to allow for a capillary blood sample to
be taken. The speed of the first stage was selected based upon the
participants best times and published recommendations.18 Speed
was subsequently increased by 1 km h−1 each stage until lactate
turn-point (LTP), defined as a rise in lactate of >1 mmol L−1 from
the previous stage,19 was reached. Following a 5 min passive recov-
ery, participants ran at the speed associated with their LTP (sLTP)
and every minute thereafter, the treadmill speed increased by
1 km h−1 until volitional exhaustion. V̇O2max was defined as the
highest 30 s mean V̇O2 value obtained during the V̇O2max test.
sV̇O2max was  identified as the final speed achieved for >30 s dur-
ing the assessment of V̇O2max. After 20 min  active recovery (slow
walking), participants performed three maximum CMJs with hands
placed on hips on a force plate (Kistler 9287BA, Kistler Instruments
Ltd, Hampshire, UK) sampling at 1000 Hz, with 90 s rest permitted
between each attempt. Jump height was  determined by calculating
centre of mass displacement from the participants take-off veloc-
ity. CMJ  height was used to individualize box height (to the nearest
0.01 m)  for the DJ. Participants were then familiarized with the
exercises to be used in the two warm-up scenarios (DJ and C).

On the second and third visits to the laboratory, participants
completed two  performance trials in a quasi-randomized counter-
balanced order (ABBA method). One trial included a warm-up
involving a set of DJ and the other a control condition (C), involv-
ing unloaded quarter squats. The two  trials commenced with a
warm-up at 60% V̇O2max followed by 5 min  of running at a speed
corresponding to 20%� below V̇O2 at LTP.20 The delta value repre-
sents the difference between V̇O2 at sLTP and V̇O2max. Speed was
determined by deducting 20% of this delta value from V̇O2 at LTP
and entering this value into the linear regression equation for the
speed–V̇O2 relationship for each participant. Following a 5 min pas-
sive recovery, participants completed six repetitions of either DJ
or the C exercise. For the DJ, participants placed their feet on the
edge of the box, were instructed to step off a box whilst maintain-
ing an extended knee on the supporting leg, and rebound as high
as possible whilst minimizing their ground contact time. In the C
trial, participants were instructed to descend into a shallow squat
position (∼140◦ knee flexion) with heels remaining in contact with
the ground, before slowly returning to standing. This exercise was
included to mask the active effect that was anticipated from the
DJ and minimize the likelihood of a placebo response. Both pro-
tocols were followed by a further 10 min  of passive rest to allow
neuromuscular fatigue to dissipate but maximize the likelihood of
a PAPE response being realized. Immediately prior to remounting
the treadmill, participants were asked to provide a rating (1–10) of
perceived readiness.21 To evaluate the effect of the intervention on

RE, participants then ran for a further 5 min  at 20%� below V̇O2 at
LTP. This was  followed by a 1 min  rest and a run to exhaustion at
sV̇O2max. Participants were blinded to the duration they had been
running for throughout the trial.
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At the start of each testing session, participant’s body mass was
aken using digital scales (MPMS-230, Marsden Weighing Group,
xfordshire, UK) to the nearest 0.1 kg. Stature and sitting height
ere also measured with a stadiometer (SECA GmbH & Co., Ham-

urg, Germany) to the nearest 0.01 m for prediction of maturity
ffset. A 20 �L blood sample was taken from the earlobe at rest and
he end of every running stage across all testing sessions. Samples
ere hemolysed and subsequently analysed for blood lactate con-

entration (Biosen C-Line, EKF Diagnostic, Barleben, Germany). Gas
xchange was measured breath-by-breath via an automated open
ircuit metabolic cart (Oxycon Pro, Enrich Jaeger GmbH, Hoechberg,
ermany) calibrated to manufacturer’s recommendations. Typi-
al error (TE) of measurement has previously been reported for
E using this system in junior distance runners (<2%) and test-
etest reliability is considered excellent (intra-class correlation
oefficient: >0.9).19 Following filtering of breath-by-breath data
o remove errant breathes, oxygen consumption (V̇O2) and car-
on dioxide production (V̇CO2) were averaged for the final 2 min
f both 5 min  stages in the main trials and were subsequently
sed to calculate RE in terms of energy cost using updated non-
rotein respiratory quotients.22 To verify a steady-state had been
chieved, the difference between the first 60 s of the final two min-
tes and the last 60 s was calculated. A difference smaller than
he minimal detectable change (MDC95), calculated as TE of the

ean × 1.96 × √
2, confirmed a plateau had been achieved. HR was

easured continuously throughout both trials (Polar RS400, Polar
lectro Oy, Kempele, Finland) with an average of the final 2 min  of
ach stage used in analysis. A rating of perceived exertion (6–20
cale) was also taken during the final 30 s of each 5 min  stage as

 subjective indicator of effort. Time to volitional exhaustion was
ecorded to the nearest second for the continuous run at sV̇O2max,
nd blood lactate was taken immediately after.

V̇O2 is typically expressed as a ratio to body mass, however
his approach is only valid when the relationship between these
wo variables is in direct proportion, which is often not the case
n humans.23 Thus, it is recommended that specific scaling expo-
ents are calculated for different populations of participants.23 An
llometric scaling exponent was therefore obtained by combin-
ng baseline data from participants in the present study with a
arger cohort of homogenous male runners (n = 35, 17.3 ± 1.4 years,
2.8 ± 6.5 kg, 1.77 ± 0.06 m,  70.4 ± 7.0 mL  kg−1 min−1). Natural log-
rithms (In) of absolute V̇O2 and body mass were taken for sLTP
1 km h−1 and linear regression was used to obtain values for the
odel lny = lna + b.lnx, where [a] is the scaling constant and [b] is

he scaling exponent corresponding to body mass. The allometric
odel was identified as = 104.6x0.85, therefore a scaling exponent

f 0.85 (95% confidence interval (CI) = 0.53–1.17) was used in sub-
equent analysis of RE, expressed as kJ kg−0.85 km−1.

Data used for scaling was analysed using SPSS Statistics (v22,
BM, New York USA). Normality of distribution was confirmed visu-
lly using Q-Q plots and objectively with a Shapiro–Wilks statistic.
rior to scaling, the assumption of homoscedasticity was  assessed
sing a scatterplot of the standardized residual and standardized
redicted variables. Data collected in trials were analysed using
icrosoft Excel 2013 and a published spreadsheet.24 Values are

resented as mean ± SD, unless otherwise stated. ES’s for the mea-
ures taken during submaximal running were calculated as the
ifference between change scores divided by the standard devi-
tion of pre-test scores across both trials. For measures taken
uring the run to exhaustion, ES’s are presented as a ratio between
he mean difference between trials and the within-subject stan-
ard deviation. ES values were interpreted as trivial (<0.2), small

0.2–0.59), moderate (0.6–1.2) and large (>1.2).25 Magnitude based
nferences were calculated using MDC95 values from previous reli-
bility work in this population.19
edicine in Sport 22 (2019) 239–244 241

As PAPE response appears to be related to strength status,4 a
partial correlation that controlled for the influence of pre-test score
was performed in SPSS Statistics on the percentage change score for
RE in the DJ trial and CMJ  performance. Quantification of individ-
ual responses to an intervention requires consideration of the error
associated with measurement, which can be derived from the con-
trol condition of an experiment.26 Thus, inter-individual responses
were explored by calculating the true individual difference using
the formula26:
√

SD2
DJ − SD2

C

where SDDJ and SDC represents the SD of the change score for RE or
the SD of scores for TTE in the DJ and C trials respectively. This value
was also expressed in standardized units (with 95% confidence
limits), by dividing the true individual difference by the pooled pre-
intervention standard deviation.26 Expressing individual responses
in standardized units (an effect size) allows practitioners to inter-
pret more easily the effectiveness of the intervention on individual
athletes.

3. Results

The difference in intensity between the 5 min  warm-ups that
preceded both trials was  negligible (%V̇O2max: 61.2 ± 4.4% vs
60.0 ± 4.2%, ES = 0.17). Table 2 displays the results for measures
taken during submaximal running before and after the DJ and
C interventions. Participants perceived readiness to perform was
moderately higher (ES: 0.62) following DJ compared to the C con-
dition. Performing DJ provided a possible benefit (−3.7%, ES: 0.67)
to RE. The effect on blood lactate, HR and RPE was trivial (ES: <0.2).
The effect of DJ on TTE at sV̇O2max and blood lactate response was
most likely trivial (ES: <0.2) compared to the C trial (Table 2).

A moderate negative correlation (r = −0.55 (95% CI: −0.25 to
−0.90), p = 0.028) was observed between the change in RE follow-
ing DJ and CMJ  height after controlling for pre-intervention RE. The
true individual difference for change in RE in the DJ  trial was cal-
culated as 0.19 kJ kg−0.85 km−1 (95% CI: 0.15–0.23 kJ kg−0.85 km−1).
In standardized units, the individual responses were 0.42 (95% CI:
0.33–0.51) representing a small individual effect to the DJ inter-
vention for RE. These individual changes in RE for the DJ trial are
shown with the mean group change in Fig. 1. Individual responses
in TTE were trivial (6.5 s, ES: 0.04).

4. Discussion

The aim of this experiment was to examine whether the inclu-
sion of DJ in the warm-up routine of a group of high-performing
junior middle-distance runners could acutely influence RE, and TTE
at sV̇O2max. Findings suggest that DJ provide a moderate bene-
fit (−3.7%, ES: 0.67) to RE but TTE was unaffected. In the context
of MDC95 values, DJ were considered a possibly beneficial stimu-
lus to enhance RE. There were small differences in individual RE
responses to DJ, and this appears partly attributable to an individ-
ual’s explosive strength capabilities.

Despite a large body of evidence demonstrating positive acute
effects from high-load resistance4 and ballistic3 exercise on explo-
sive power tasks, very few studies have been conducted examining
whether endurance-related parameters could also benefit. This
is the first study to show improvements (−3.7%, ES: 0.67) in RE
following a single-set (6-repetitions) of high-intensity plyomet-
ric exercise. This effect is similar in magnitude to improvements

observed in RE following chronic periods (6–14 weeks) of strength
training in distance runners.12 Using a similar protocol to the
current study, Barnes et al.13 observed large (−6.0%, ES: 1.40)
improvements in RE following 6 × 10 s sprints with a weighted vest
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Table 2
Results and qualitative inferences of measures taken during submaximal running at 20%� below V̇O2 at lactate turn-point and for the run to exhaustion at speed associated
with V̇O2max. CI = confidence interval, DJ = depth jumps, C = control trial (body weight quarter squats), RPE = rating of perceived exertion (6–20 scale).

Variable Trial Pre-intervention Post-intervention Mean percentage change ± 95% CI Effect size (interpretation) Magnitude based inference

Perceived readiness
(1–10)

DJ – 6.9 ± 0.9 13.3 ± 9.8 0.62 (moderate) Possibly beneficial
C  – 6.1 ± 1.3

Submaximal running
Running economy
(kJ kg−0.85 km−1)

DJ 9.35 ± 0.44 9.00 ± 0.42 −3.7 ± 1.3 0.67 (moderate) Possibly beneficial
C  8.92 ± 0.41 8.88 ± 0.41 −1.0 ± 0.8

Blood lactate
(mmol L−1)

DJ 2.8 ± 0.9 2.4 ± 0.8 −14.3 ± 6.1 0.15 (trivial) Very likely trivial
C  2.6 ± 0.8 2.3 ± 0.8 −11.5 ± 6.2

Heart rate (b min−1) DJ 172 ± 10 173 ± 10 0.6 ± 0.4 0.08 (trivial) Most likely trivial
C  171 ± 11 173 ± 10 1.1 ± 0.6

RPE DJ  12 ± 1 13 ± 1 6.8 ± 6.2 0.12 (trivial) Most likely trivial
C  12 ± 2 13 ± 1 5.4 ± 3.6

Run to exhaustion
Time to exhaustion (s) DJ – 160 ± 39 1.3 ± 6.5 0.06 (trivial) Most likely trivial

C  – 158 ± 34
End lactate (mmol L−1) DJ – 8.1 ± 2.1 2.5 ± 7.7 0.13 (trivial) Most likely trivial

C  – 7.9 ± 1.9
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Fig. 1. Mean ± SD change and individual values (n = 17) for running econom

20% body mass). It is likely that the larger improvements noted in
he Barnes13 study compared to the present study were a result of
he higher volume of loaded conditioning work performed. Simi-
arly, Feros et al.14 found that using isometric contractions (5 × 5 s)
n a rowing ergometer increased mean power for the first half
f a 1 km rowing time trial by 6.6% (ES: 0.64). Collectively, these
ata suggest a moderate-large benefit for task-specific conditioning
ctivities to enhance performance-related outcomes.

There were trivial differences in blood lactate and HR dur-
ng sub-maximal running between trials (ES: <0.2). The absence of
hange in blood lactate value suggests that the contribution from
naerobic glycolysis to energy expenditure did not alter, thus total
etabolic cost of running was also reduced. The lack of change in HR

uring the DJ trial is a somewhat surprising result, as a reduction in
nergy cost would imply that a lower volume of oxygen is required
y the active muscles, It may  be possible that noticeable reductions

n HR only occur when changes in RE are large. This is supported by
ndings from Barnes et al.13 who observed large (ES: 1.40) improve-
ents in RE and small (ES: 0.45) reductions in submaximal HR. This

ndicates that cardiorespiratory-related mechanisms are unlikely
o be responsible for the change observed in RE. One or more acute
lterations in neuromuscular characteristics, which are also known
o underpin RE, are therefore the likely mechanism of effect.

The mechanistic bases for the acute improvements in
erformance-related outcomes observed following a high-
ntensity conditioning activity remains controversial.5 It is
ecognized that enhancement of voluntary muscle contraction via
ncreases in MLC  phosphorylation lasts 4–6 min,7 thus it seems
0%� below V̇O2 associated with lactate turn-point in the depth jump trial.

unlikely that this mechanism was responsible for the improvement
observed. A high-intensity plyometric exercise, which involves
augmented eccentric muscle contractions, may also activate
a large pool of motor units, which are then accessible during
subsequent exercise.6 Thus, for any given sub-maximal exercise
performed shortly after, a lower relative intensity of activation is
required, thereby reducing energy cost.27 It may  also be possible
that plyometric exercise, which elicits a stretch reflex response,
acutely elevates the transmittance of excitation potentials via the
Ia afferent, which increases output from the motoneuron pool,6

observable on an electromyography trace as an increase in the H-
wave. Indeed, an increase in H-wave amplitude has been observed
for 5–11 min  in the knee extensors following maximal voluntary
contraction.9 Acute changes in leg stiffness have previously been
shown during endurance running13 in response to a PAPE stimu-
lus. It is therefore possible that an increase in musculotendinous
stiffness may  also have helped optimize the length–tension
relationship of muscles, thereby reducing the magnitude and
velocity of shortening, and therefore lowering energy usage.27

Indeed, higher Achilles tendon stiffness is associated with superior
RE,28 implying that an acute improvement in this quality may
reduce the energy cost of running. Elevations in hormones such
as testosterone10 and plasma catecholamines,5 have also been
reported immediately following a loaded conditioning activity,
and are associated with improved physical performance. Finally,

we cannot discount the possibility that the DJ provided a greater
rise in muscle temperature compared to the C trial.8 Given the low
volume (six repetitions) of DJ used and the absence of change in



 and M

m
u

b
l
fi
s
R
l
p
p
h
t
e
c
i
e
u
m
i
h
a
o

r
t
f
w
9
i
a
o
i
(

t
r
r
v
t
D
a
l
h
r
l
q
w
p
d
t
t
a
e
i
k

R
i
a
t
c
w
A
v
r

1

1

1

R.C. Blagrove et al. / Journal of Science

etabolic and cardiovascular parameters this mechanism seems
nlikely.

Although it is clear that endurance-trained athletes are capa-
le of benefitting from a PAPE protocol,11 the phenomenon is more

ikely to occur in stronger individuals.4 This is partly confirmed by
ndings in the present study as explosive strength capability, mea-
ured via a CMJ, was correlated (r = −0.55, p = 0.028) with change in
E following DJ. This suggests that distance runners with greater

evels of explosive strength are more likely to benefit from a PAPE
rotocol. In this study, DJ were performed from a height equal to a
articipants CMJ, therefore more explosive individuals received a
igher stimulus than those who were less explosive. The possibility
hat differences in the absolute intensity of the stimulus applied
xplain the improvement observed in change in RE following DJ
annot be discounted. There are alternative options for determin-
ng an appropriate box height for performing DJ, which could be
xplored in the future. A box height that maximizes an individ-
al’s reactive strength index (the ratio between jump height in
etres and contact time) has been proposed as a method of select-

ng DJ intensity.29 This method has been shown to produce a DJ
eight approximately 10 cm lower than CMJ  height in physically
ctive males,30 thus it is unlikely a greater PAPE would have been
bserved using this strategy.

Identification of individual responses is only possible if the
andom within-subject variation is accounted for by calculating
he extent to which the net mean effect of an intervention dif-
ers between participants. The true individual responses to DJ
ere small, even when uncertainty was accounted for (ES: 0.42,

5% CI: 0.33–0.51, Fig. 1). The overall effect of DJ, after remov-
ng the effects of random variation can therefore be summarized
s −0.35 ± 0.19 kJ kg−0.85 km−1 (mean ± SD of individual response)
r, in standardized units 0.67 ± 0.42. Thus, the positive effect typ-
cally ranged from small (ES: 0.25) to borderline moderate-large
ES: 1.09).

TTE at sV̇O2max and end blood lactate were very similar between
rials (ES: <0.2). Following a PAPE-inducing stimulus, a state of neu-
omuscular activation and fatigue coexist,6 therefore selecting a
ecovery time that allows fatigue to dissipate, yet a state of acti-
ation to remain, is essential to ensure a benefit is realized. In
he present study, RE was measured 10 min  after completion of
J. The run to exhaustion then started 16-min after the DJ, thus
ny PAPE may  have dissipated by this point in the trial. A simi-
ar response pattern was observed in a 20 km cycle time trial after
eavy (5-repetition maximum) leg pressing exercise and a 10 min
ecovery.15 Overall time was significantly quicker following heavy
eg pressing, however this improvement was largely the conse-
uence of a higher power output in the first 2 km of the time trial,
ith little difference observed in the remainder of the trial com-
ared to a control condition.15 As TTE at sV̇O2max is influenced by
ifferent physiological factors compared to RE2, it is also possible
hat this parameter does not benefit from a warm-up protocol of
his nature. Predicted sV̇O2max has shown improvements following

 warm-up that included weighted vest sprints and a similar recov-
ry (∼20 min) to the present study. Thus, future research should
nvestigate the efficacy of various loaded conditioning activities on
ey performance-related measures.

It is important to highlight that the pre-intervention values for
E displayed a difference of 4.8% between trials (see Table 2), which

s greater than the within-subject variation previously recorded in
 similar cohort.19 Given the design of the study, blinding of par-
icipants to the intervention they were about to perform, careful
alibration of equipment, and high similarity between inter-trial

arm-up intensities, it is not obvious why this difference occurred.

 difference of 2.9% was present in the pre-intervention V̇O2
alues, which is similar to intra-individual variability previously
ecorded (2.8%).19 When combined with subtle differences in body

1
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mass (0.3%) and respiratory exchange ratio values (0.7%), both in
favour of the DJ trial, this appears to have generated inflated pre-
intervention values in the DJ trial.

5. Conclusions

Including six DJ, 10-min prior to a run just below lactate turn-
point provides a moderate benefit to RE in high-performing junior
male middle-distance runners. Runners who display higher levels
of explosive strength seem more likely to experience a positive
response. It appears less likely that continuous efforts at sV̇O2max
are likely to benefit, however this may  have been influenced by the
timing of the protocol in this study.

Practical applications

• Incorporating a simple high-intensity plyometric-based exercise
in the warm-up routine of a distance runner possibly provides a
means of acutely improving RE.

• Middle-distance runners should experiment with incorporating a
set of DJ into their warm-up routine 10 min  prior to a continuous
run at approximately sLTP.

• A moderate improvement in RE should allow a higher absolute
speed to be attained for the same relative submaximal intensity,
thus augmenting the training response, however further research
is required to verify this suggestion.
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