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ABSTRACT

Complex-contrast training (CCT), whereby high load conditioning activities (CA) and
low load explosive activities are alternated set-by-set, enhances explosive
performance through post-activation performance enhancement (PAPE). However,
intra-contrast rest periods (ICRP) typically required for PAPE to manifest are too
lengthy in practice. This study therefore assessed the effect of rest redistribution (RR)
of the ICRP on subsequent propulsive force application during countermovement
jumps and squat jumps. Seventeen male subjects completed five interventions per
jump type across five data collection sessions in a counterbalanced, cross-sectional
design. Interventions consisted of five total contrast rest periods (TCRP; 60, 120, 180,
240, 300s). Each TCRP was defined as the sum of ICRP and RR. Thus TCRPs were
partitioned as 30, 90, 150, 210, 270s ICRP respectively, and 30 s of redistributed rest,
partitioned between CA repetitions. Within interventions, participants performed a
control condition consisting of one set of vertical jumps (BASELINE), the assigned
ICRP, then a second set of jumps (PRE-BS). This was followed by an experimental
condition consisting of a high load CA (3RM back squats), performed with 15s between
repetitions, followed by the ICRP, then a final set of jumps (POST-BS). Vertical jump
propulsive impulse (Jrropr) and related force-time components were assessed. Results
showed no meaningful change in Jerop, suggesting overall jump performance was
unaffected. However, increases in propulsion time, with POST-BS being higher than
PRE-BS (g = 1.045, p < 0.001), and significant negative effects on rate of force
development with POST-BS being lower than PRE-BS (g = 0.703, p = 0.009)suggest
the combination of CCT and RR may negatively affect vertical jump propulsion
strategies and limit PAPE manifestation. Practitioners may use RR to maintain vertical
jump Jerop within CCT in time-limited scenarios, but should consider other CCT set

configurations to enhance RFD.

Keywords: impulse, strength, conditioning, alternative set strategies
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INTRODUCTION

Complex-contrast training (CCT) consists of a high-load, low velocity conditioning
activity (CA) like a back squat (BS) paired, in alternating sets, with a low-load, high-
velocity explosive activity like a vertical jump. The exercises within the CCT set are
separated by a rest period (intra-contrast rest period, ICRP) (12). Complex-contrast
training aims to maximise explosive force application via post-activation performance
enhancement (PAPE). A near-maximal voluntary CA may enhance subsequent force
application by increasing the rate and synchrony of high-threshold motor unit
recruitment, stretch-shortening cycle (SSC) efficiency, muscle temperature and
muscle cell water content (5). Alongside neuromuscular excitation, near-maximal
voluntary contractions simultaneously result in rapid increases in acute neuromuscular
and metabolic fatigue, which masks the potential physiological benefits elicited by the
CA (13,28). Fatigue dissipates faster than excitation (53), thus PAPE manifests as the
resultant net product of CA-induced excitation and fatigue. The physiological effects
of CCT prescriptions are not typically measured in CCT literature. Rather, CCT effects
are observed and measured through changes in performance metrics like impulse
(15,42) and rate of force development (RFD) (2,28). When considering CCT-induced
changes in lower-body propulsive force application, propulsive impulse (Jrrop)
enhancement is likely to occur by manipulating RFD, as PAPE cannot influence the

extremes of the force-velocity curve (44).

To date, literature has shown that typically, a minimum of 5-7 minutes ICRP is
required before enhanced explosive force is observed (12,46). This is evidenced by
Esformes and Bampouras (15), reporting augmented countermovement jump (CMJ)
metrics 5 minutes post-CA. However, Kilduff et al. (28) did not observe enhanced CMJ
performance until 8 minutes post-CA, suggesting that even longer ICRPs may be
required before PAPE is observable. The requirement for longer ICRPs has been
further evidenced in multiple studies demonstrating the requirement for up to 12
minutes ICRP to observe potentiated performance (13,52). These studies have all
considered the time course of PAPE without consideration of the viability for athletic
training. While there may be potential benefits to PAPE in certain competition

scenarios to maximise competitive performances, ICRPs =5 minutes are too long to
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make CCT a viable training method for using PAPE as a training stimulus in many

athletic training scenarios where gym-based training time is limited.

Alongside fatigue, the characteristically slow, high-load CA may also evoke
movement pattern interference. The execution of subsequent explosive movements
may be negatively affected if slower contraction speeds exhibited by heavy CAs are
preserved (12,53). Studies have therefore assessed the effect of plyometric CAs.
Barreto et al. (4) and Tobin and Delahunt (54) observed increased CMJ height at one,
three and six minutes post-plyometric CA and at one, three, and five minutes post-
plyometric CA, respectively. However, Esformes et al. (16) found no difference in CMJ
performance using plyometric CAs. They suggested that either PAPE was not
achieved because the plyometric CA did not sufficiently recruit enough motor units or,
conversely, that the plyometric CA recruited motor units at a maximal rate, rendering
PAPE obsolete. Therefore, while CAs with faster contraction speeds may better mimic
explosive force application, they may not elicit PAPE, as high threshold motor unit
recruitment is insufficient. Another explanation for this observation, not offered by the
authors, may be that faster CAs involve faster SSCs, increasing the use of elastic
energy stored in series elastic components of the musculotendinous unit for concentric
propulsion rather than maximal motor unit recruitment (57). It may, therefore, be the
case that despite slower movement speeds observed during near-maximal voluntary
contractions, the resultant enhancement of motor unit recruitment may better elicit

PAPE than higher velocity alternatives.

The effectiveness of high-load CAs in enhancing subsequent explosive force
application is intrinsically linked with sufficient recovery time, while potential movement
pattern interference may limit the practicality of CCT (5). It is, therefore, pertinent to
determine whether alternative CCT set strategies can attenuate the total rest required
within the CCT set to sufficiently alleviate CA-induced fatigue and movement pattern
interference to observe PAPE within more practical timeframes. One possible
alternative set strategy to consider is rest redistribution (RR). Rest redistribution aims
to inhibit the accumulation of acute fatigue that is characteristic of traditional strategies.
Prescribed interset rest between traditional sets, where repetitions are performed
continuously, is redistributed between smaller groups of repetitions to maintain kinetic
and kinematic performance for more repetitions than traditional resistance training by

limiting acute fatigue accumulation while maintaining the total rest prescribed within
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the training session (7,56). Tufano et al. (56) demonstrated that compared to cluster
protocols (where additional intra-set rest is prescribed between small groups or
individual repetitions and traditional inter-set rest periods are maintained), RR resulted
in similar maintenance of peak force (PF), peak power, mean power, peak velocity and
mean velocity (vmean) when 420 s of programmed interset rest was equally
redistributed between 36 BS repetitions. This suggests that to maintain within-set
kinetic and kinematic performance, RR can be equally as effective as cluster protocols,
importantly without prolonging training time. These results were replicated by Merrigan
et al. (39), who found that velocity and power attenuation were significantly reduced in
the latter part of four sets when 120 s of interset rest was redistributed as 30s between
repetitions five and six of each set of ten BS followed by 90 s of interset rest.
Conversely, Jukic and Tufano (27) observed no change in velocity and power variables
between RR and continuous repetition protocols. The latter study used 70% of 1RM,
whereas the former studies used 75% of 1RM, advocating for the probable need for
higher intensities and closer proximity to failure to observe the effectiveness of RR on

lower-body kinetics and kinematics.

Metabolically, dynamic near-maximal muscular contractions primarily use the
phosphagen energy system. However, adenosine triphosphate (ATP) is only
replenished by the phosphagen system for 10-12 s before depletion of
phosphocreatine (19). Continuous resistance training, therefore, requires energy
supplied by anaerobic glycolysis for later repetitions. Partial redistribution of the ICRP
between CA repetitions may facilitate partial ATP replenishment. Adenosine
triphosphate is replenished in two phases. Harries et al. (24) found a surge in ATP
resynthesis within 21 s post-contraction, followed by continued resynthesis at a slower
rate, with full resynthesis taking at least 170 s. Furthermore, anaerobic glycolysis
results in blood lactate accumulation. High blood lactate concentrations and
subsequent increases in intramuscular acidity decreases myofibrillar calcium
sensitivity by interfering with calcium ion binding to troponin which, together with
accumulation of other metabolites, contributes to the development of muscle fatigue
(60). This results in reduced concentric velocity and power measures in high-load
compound movements when performed continuously, compared to alternative set
structures (20,21). Specifically, RR significantly lowers blood lactate concentrations

compared to traditional set structures despite total prescribed rest remaining constant
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(26). Fatigue reduction may also help to maintain SSC efficiency. The SSC is most
efficient at high stiffness levels (61). However, stiffness and peripheral fatigue are
inversely related, with SSC energy transfer diminishing with accumulated fatigue (48).
The combination of these factors suggests that partial redistribution of the ICRP within
CCT prescriptions may allow partial recovery of the phosphagen system, buffering of
lactate, and maintenance of musculotendinous stiffness, subsequently improving SSC
efficiency. This may allow subsequent CA repetitions to be completed more

consistently than the attenuated performance observed during traditional sets.

It is conceivable, therefore, that RR may improve the practical application of
CCT. Redistribution of the ICRP between CA repetitions may result in a reduction of
acute fatigue and maintenance of CA movement velocity, thereby limiting movement
pattern interference while maintaining the prescribed volume of the CA set.
Theoretically, RR may reduce the total rest required within the CCT set (total contrast
rest period (TCRP)) required to observe PAPE by enhancing explosive force
application, thereby improving the practicality of CCT as a training tool. Therefore, we
aimed to assess the effect of redistributing 15s of rest between three-repetition
maximum (3RM) BS repetitions, when one to five minutes of TCRP is prescribed, on
subsequent CMJ and squat jump (SJ) Jerop and associated force-time components.
We hypothesised that there would be a significant difference in Jrprop and RFD
between conditions in CMJ-dependent variables and that there would be no difference

between conditions in SJ-dependent variables.
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METHODS

Experimental Approach to the Problem

This study aimed to assess the effect of RR within CCT sets on lower limb explosive
force application. The BS was selected as the CA due to its well-established use in
practice for developing lower limb force application and its biomechanical similarity to
vertical jumping (22). Participants attended the facility on seven occasions, spaced
one week apart. Appointments were scheduled consistently for each participant for

either the morning or afternoon based on individual schedules.

The first session was used for familiarisation to ensure participants could
perform the BS, CMJ, and SJ safely and efficiently, adhering to the technical models
described by Brewer and Favre (9), Acero et al. (1), and Arabatzi et al. (3), respectively.
The second session consisted of a maximal strength assessment of participants’ 3RM
BS. The final five sessions were used for data collection. Five TCRPs (of 60, 120, 180,
240 and 300 s duration; TCRP60, TCRP120, TCRP180, TCRP240 and TCRP300,
respectively) and two types of vertical jumps (CMJ and SJ) were assigned evenly to
these five sessions in a randomised, counterbalanced, repeated measures design to
assess the effect of 15s RR between 3RM BS repetitions on vertical jump propulsive
force application. Each TCRP was distributed as 30s between 3RM back squat
repetitions (15s between repetitions one and two and 15s between repetitions two and
three), with the remaining time prescribed as the ICRP between the final CA repetition
and the start of the EA set. Thus, 30s of the original TCRP was redistributed.

Participants completed two full interventions per session. Each full intervention
consisted of the control condition (CON), comprising one set of five jumps
(BASELINE), followed by the allocated ICRP (the difference between TCRP and RR),
and then another set of five vertical jumps (PRE-BS). A 10 minute rest was provided
to minimise fatigue, then the experimental condition (EXP) was performed, consisting
of 3RM BS, with 15s rest between the repetitions, followed by the same ICRP, and
then a final set of five jumps (POST-BS). The RR plus the ICRP were used as TCRP.
The best-performed repetition based on Jerop at BASELINE, PRE-BS and POST-BS,
was chosen for analysis. BASELINE served as comparative to both PRE-BS and
POST-BS. Dependent variables (CMJ: Jerop; PF; mean force, MF; peak RFD,
RFDereak; average RFD, RFDave; RFD index, RFDinpex; trror. SJ: PF, MF, RFDave,

10
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RFD over the first 50-, 100- and 150 ms, RFDso, RFD100 and RFD1s0, respectively;
trror) were calculated from force-time data. A 5 (TCRP; TCRP60, TCRP120,
TCRP180, TCRP240 and TCRP300) x 2 (conditions; CON, EXP) x 2 (TIME; PRE
(BASELINE), POST (PRE-BS or POST-BS accordingly)) repeated measures ANOVA

was used to assess for differences.

Subjects

Seventeen recreationally trained male subjects (age = 25.5 + 3.0 years, stature = 1.76
1+ 0.07 m, body mass = 84.25 + 5.51 kg, BS 3RM = 139.88 + 12.87 kg, 3RM relative
strength = 1.66 + 0.13 BM) were recruited for this study. Participants were recruited
via convenience sampling from local strength and conditioning facilities and amateur
sports teams. Recreational participation in sport and exercise was considered to
include those who resistance trained two to four times a week with the training not
specifically aligned to sports performance. Participants were required to have had no
musculoskeletal injuries that may impede data collection (typically lower limb or torso
injuries) for at least three months prior to data collection, to have had a minimum of
one year of resistance training experience, and to have had a lower body relative
strength >1.30. Back squat 3RM loads were self-reported before being formally
assessed during a maximal strength assessment. Participants also needed to
demonstrate competence in the BS, SJ and CMJ, which was confirmed during an initial

familiarisation session.

Upon recruitment, participants were briefed on the requirements of data
collection, provided with a participation information sheet and made aware of their right
to withdraw from the study at any time. Participants then completed a health
questionnaire (Canadian PAR-Q and You) and signed an informed consent form. The
Institutional Review Board provided ethical approval for this study at the BLINDED
FOR REVIEW PURPOSES.

Prior to recruitment, an a priori sample size estimation was completed, based
on a similar study using vertical jumps before and after a 3RM BS conditioning
contraction (15). Effects sizes (Cohen’s d) for Jrrop were 0.53 and 0.62. Converting
these effect sizes to Cohen’s f values and for a one-way within-subjects ANOVA, alpha
= 0.05 and power = 80%, 14-19 subjects would be required (17).

11



10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30

31

Experimental Procedures

Anthropometrics

Stature and body mass data were collected for each participant during the 3RM
assessment session. Stature was measured using a calibrated stadiometer (Seca 217,
Seca, UK), and body mass was measured using calibrated scales (Seca 899, Seca,
UK).

Maximal Strength Assessment

After a dynamic warm-up consisting of static bike, walking lunges, inchworms,
deadbugs, glute bridges, and bodyweight squats, participants completed the 3RM
assessment following the guidelines provided by Shephard and Triplett (47). Warm-up
sets of intensities up to 90% of the reported 3RM were initially performed. After
completing the final warm-up set, participants continued to perform sets at increasingly
heavier loads until they were unable to complete all three repetitions with correct
execution form. The heaviest completed set of three repetitions was recorded as
participants’ 3RM. All BS repetitions during the maximal strength assessment and
subsequent data collection were conducted using a 20 kg Olympic barbell, competition
bumper plates, collars and a squat rack (Werksan, Ankara, Turkey, provided by
TechnoGym, UK). For repetitions to count, participants’ hip axis had to pass below the
knee axis in relation to the horizontal and return to standing while the feet maintained
full contact with the ground. An accredited strength and conditioning coach (L.J.H.)

observed all attempts.

Barbell vvean was measured for all three repetitions of each 3RM attempt, using
a Vitruve encoder (Vitruve Fit, Spain), to ensure a true 3RM was achieved and to
estimate subsequent 3RM attempts. The coefficient of variation (CV) and intra-class
correlation coefficient (ICC) of the Vitruve encoder for measuring vmean at 90% of 1RM
(a similar intensity to 3RM) were reported as 8.8% and 0.77, respectively (29).
Participants were allowed attempts until they could no longer complete all three
repetitions. However, if all repetitions at a particular load could not be completed, the
set with the heaviest load in which the final set repetition was <0.30 m-s-! was recorded

as 3RM; as this velocity has been shown to be the threshold for maximum load (34).

12
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Experimental Procedure

Participants were requested to report to the testing facility two hours postprandial.
They were instructed to refrain from caffeine intake for the six hours preceding data
collection and from alcohol intake and rigorous exercise for 48 hours prior to data
collection. Participants were also asked to confirm verbally that they had adhered to
these instructions and to confirm that they were injury-free and healthy enough to

complete data collection.

Each session included two different interventions (i.e. two different TCRPs and
a jump type) and each intervention consisted of the CON and EXP conditions. The
vertical jump type and TCRP were assigned in a randomised, counterbalanced order
using a random number generator (Microsoft Excel, Microsoft, USA). Participants
completed the same standardised general warm-up as the maximal strength
assessment session, followed by 10 minutes of rest. Subsequently, they performed 5
vertical jumps (BASELINE), with the type of jump (SJ or CMJ) , followed by an ICRP
(i.e. 30, 90, 150, 210 or 270 s) and another set of 5 jumps (PRE-BS). This completed
the control (CON) condition of the intervention. After a further 10 minutes rest,
participants performed the EXP condition. EXP started with a specific BS warm-up.
This consisted of five BS warm-up sets, up to 90% of their established 3RM. All warm-
up sets were performed as continuous sets and were separated by two minutes. After
the final warm-up set, a three-minute rest period was provided before initiation of the
CCT set. The CCT set consisted of 3RM BS with 15s between repetitions (i.e. RR).
Participants were instructed to complete BS repetitions maximally and consistent with
the maximal strength assessment, vmean was assessed for all three repetitions. Upon
completion of the third BS repetition, and the barbell was racked, the ICRP started.
The sum of RR and ICRP equalled the TCRP. Immediately after the ICRP, participants
completed the final set of 5 jumps (POST-BS). Vertical jump repetitions within
BASELINE, PRE-BS and POST-BS sets were separated by 5 s. This facilitated time
for participants to recover after the landing and stand still for initiation of the quiet
phase of the subsequent vertical jump repetition. Finally, after another 10 minutes of
rest, this process, including the specific BS warm-up during EXP was repeated for
another randomly allocated vertical jump and TCRP. During all rest periods,

participants were seated. A schematic overview of the session is presented in Figure

13



1 1, while the rest period durations per intervention and condition can be seen in Table
2 1.
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Figure 1. Schematic overview of the experimental procedure for a single session.
Participants perform 5 jumps (BASELINE) of a randomly allocated vertical jump type
(C). Arandomly allocated ICRP is then used for rest (D), followed by another set of 5
jumps (PRE-BS) (E). After 10 minutes rest, the subjects then perform 3RM BS with
30s equally distributed between the repetitions (G), followed by the ICRP (H) and the
final set of 5 jumps (POST-BS) (l). The sum of G and H times represent TCRP. C, D
and E represent CON condition. G, H and | represent EXP condition. Following 10
11 minutes rest, the above process was repeated with another randomly allocated vertical
12 jump type and ICRP.
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Table 1. Control and experimental conditions.

Control Condition Experimental Condition
TCRP x
Jump Vertical Jumps BASELINE ICRP Ju%/eg'("F?I'QE_ PRE-BS A CA RR ICRP Vertical Jumps POST-BS
(BASELINE) Reps (s) %S) Reps Reps (s) (s) (POST-BS) Reps
TCRP60 x 3RM Back
o cMJ 5 30 cMJ 5 St 3 15 30 cMJ 5
TCRP120 3RM Back
N cMJ 5 90 cMJ 5 Sauat 3 15 90 cMJ 5
TCRP180 cMJ 5 150 cMJ 5 3RM Back 3 15 150 cMJ 5
x CMJ Squat
TCRP240 cMJ 5 210 cMJ 5 3RM Back 3 15 210 cMJ 5
x CMJ Squat
TCRP300 cMJ 5 270 cMJ 5 3RM Back 3 15 270 oMl 5
x CMJ Squat
TCRP60 x sJ 5 30 sJ 5 3RM Back 3 15 30 sJ 5
SJ Squat
TCRP120 s 5 90 sJ 5 3RM Back 3 15 90 sJ 5
x SJ Squat
TCRP180 sJ 5 150 sJ 5 3RM Back 3 15 150 sJ 5
x SJ Squat
TCRP240 sJ 5 210 sJ 5 3RM Back 3 15 210 sJ 5
x SJ Squat
TCRP300 sJ 5 270 sJ 5 3RM Back 3 15 270 sJ 5
x SJ Squat

TCRP, total contrast rest period; BASELINE, control condition pre-ICRP jumps; PRE-BS, control condition post-ICRP jumps; POST-BS, experimental condition post-ICRP jumps; CA, conditioning

activity; RR, rest redistribution; ICRP, intra-contrast rest period; SJ, squat jump; CMJ, countermovement jump; 3RM, three-repetition maximum.
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Vertical jump ground reaction force (GRF) data were collected using dual force
platforms (PS-2141, Pasco, Roseville, CA, USA) with a sampling rate of 1000 Hz and
recorded using commercial software (Pasco Capstone 2.0, Pasco, Roseville, CA,
USA). The GRF from both platforms were summed to calculate the total GRF
(GRFToTAL).

Data Processing

Countermovement jump and SJ raw data were transferred to respective custom-made
templates in Microsoft Excel to extract dependent variables. Initially, consistent with
McMahon et al. (38), body weight was calculated as the mean of the first 2000 force
data points of the weighing phase. Body weight was then subtracted from all
subsequent GRFrotaL data points to establish net GRF (GRFnet) and subsequently

impulse via the impulse-momentum theorem (30,36).

Countermovement jump propulsion was considered to start at the
instantaneous point where the negative centre of mass velocity ceased, coinciding
with the peak negative centre of mass displacement (38). Squat jump propulsion was
considered to have started at the data point where GRFner first exceeded 50 N (41).
For both jumps, propulsion was considered to have ceased when GRFrortaL returned
to O N.

Dependent variables were subsequently calculated from the propulsive phase.
Propulsive impulse was calculated as the sum of all instantaneous impulse data points
in the propulsive phase. Peak force was calculated as the highest instantaneous
GRFrotaL datapoint. The MF was calculated as the average of all GRFrotaL data
points. Propulsion time was calculated as the difference between the time points

corresponding to the instantaneous start and end of the propulsive phase.

Rate of force development variables were calculated by differentiating the
force-time curve. For CMJ, RFD was calculated for CMJ repetitions using the
equations described by Boullosa et al. (8) and Perez-Castilla et al .(40). RFDpeak was
calculated as the largest instantaneous RFD point in the propulsive phase. RFDave
was calculated as the difference between instantaneous PF and instantaneous
GRFrotaL at the start of the propulsive phase, divided by the corresponding difference

in time. RFDinpex was calculated as RFDreak divided by the difference in time between

16



a A WO N -

0 N O

11
12
13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30
31
32
33

RFDereak and the start of the propulsive phase. For SJ, RFDave was calculated similarly
to CMJ (37). RFDso, RFD100 and RFD1s0 were calculated as the difference between
the instantaneous GRFrotaL at 50, 100, and 150 ms and the instantaneous GRFroTaL
at the start of the propulsive phase, divided by the time difference between these two
points (23,55).

Statistical Analysis

Dependent variables were tested for normality and confirmed using the
Shapiro-Wilks test and visual inspection of Q-Q plots of the residuals. Each variable
was assessed with ICCs (to assess relative reliability) and typical error (TE, to assess
absolute reliability). Intra-class correlation coefficients and TE were calculated
between the first and second repetitions of BASELINE completed during the first data
collection session (Table 2), and values of 0.00-0.10, 0.10-0.30, 0.30-0.50, 0.50-
0.70, 0.70-0.90, and 0.90-1.00 were classed as trivial, small, moderate, large, very
large, and nearly perfect ICCs, respectively (25). Typical error was calculated as the
standard deviation of the difference between the first and second repetitions of
BASELINE divided by V2 (50) (Table 2). The smallest worthwhile change (SWC) was
calculated as 0.35 multiplied by the standard deviation of the first repetition of
BASELINE, with 0.35 reported as more appropriate smallest effect size for this
population (43).

The difference in 3RM BS vmean between TCRP conditions was assessed using
a repeated measures ANOVA. The difference in dependent variables between peak
BASELINE, PRE-BS and POST-BS repetitions was examined across TCRP
conditions using a 5x2x2 (TCRP*CONDITION*TIME) repeated-measures ANOVA.
Sphericity was assessed and ANOVA results are reported accordingly based on the
recommendations by Verma et al. (59). Significant interactions and main effects were
further examined using pairwise comparisons, adjusted using Holm-Bonferroni
correction and corrected values are reported. The overall effect size was calculated
using partial eta-squared (np?), where effect sizes of 0.01, 0.06, and 0.14 were
considered small, medium, and large, respectively (11). Bias-corrected pairwise effect
sizes (Hedge's g) with 95% confidence intervals were also calculated when a
significant difference between pairs was found. Based on a sample of recreationally
trained participants, effect sizes were categorised as trivial (<0.35), small (0.35-0.80),
moderate (0.81-1.50), and large (>1.50) (43). All data are presented as mean = SD

17



1 unless otherwise stated. Significance was set at p < 0.05. All data were statistically
2 analysed in IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, N.Y.,
3 USA).
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RESULTS

Reliability

Intraclass correlation coefficients, TE and SWC, are presented in Table 2.

Table 2. Intraclass correlation coefficients (ICC), typical error (TE) and smallest
worthwhile change (SWC) with 95% confidence intervals. For countermovement
jumps and squat jumps, propulsive impulse, peak and mean force, and propulsion time
are reported. For countermovement jumps, peak, average and index RFD are
reported. For squat jumps, average RFD, and RFD over the first 50, 100 and 150 ms

of propulsion are reported.

Jump Variable ICC TE SWC
Propulsive Impulse 0.99 3.98 10.98
(N-s) (0.96-0.99) (1.31-6.66) (-5.45-27.40)
Peak Force 0.87 70.17 65.28
(N) (0.69-0.95) (23.00-117.34) (-32.42-162.99)
Mean Force 0.97 32.58 62.87
(N) (0.92-0.99) (10.68-54.48) (-31.22-156.96)
CMJ Peak RFD 0.78 1536.72 708.45
(N's™) (0.58-0.88) (503.64-2569.80) (-351.18-1768.74)
Average RFD 0.78 860.57 409.03
(N-s) (0.42-0.92) (282.04-1439.09) (-203.14-1021.20)
RFD Index 0.56 43477.30 22432.20
(N-s?) (0.12-0.81) (14249.16-72705.43)  (-11140.63-56005.02)
Propulsion Time 0.89 0.01 0.01
(s) (0.72-0.96) (0.00-0.02) (-0.01-0.03)
Propulsive Impulse 0.97 4.95 9.22
(N-s) (0.92-0.99) (1.62-8.28) (-3.30-21.74)
Peak Force 0.97 44 .41 85.19
(N) (0.92-0.99) (14.55-74.26) (-30.51-200.90)
Mean Force 0.97 22.41 39.33
(N) (0.91-0.99) (7.35-34.78) (-14.09-92.74)
Average RFD 0.98 269.70 562.72
(N's™) (0.93-0.99) (88.39-451.02) (-201.55-1326.99)
SJ
RFD 50 ms 0.81 1075.57 821.78
(N-s) (0.55-0.93) (352.51-1798.64) (-294.34-1937.90)
RFD 100 ms 0.86 745.79 657.18
(N-s") (0.65-0.95) (244.42-1247.16) (-235.38-1549.74)
RFD 150 ms 0.95 355.53 503.10
(N-s™") (0.86-0.98) (116.52-594.53) (-180.20-1186.40)
Propulsion Time 0.92 0.01 0.02
(s) (0.80-0.97) (-0.01-0.04) (-0.01-0.04)

CMJ, countermovement jump; SJ, squat jump; ICC, intra-class correlation coefficient; TE, typical error; SWC, smallest worthwhile

change; RFD, rate of force development.
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Back Squat Mean Velocity

The BS vmean for the maximal strength assessment and all jump conditions is
presented in Table 3. Repeated-measures ANOVA showed a significant main effect of
CONDITION (F7.333, 117.321 = 5.478, p < 0.001, np? = 0.255). Post hoc analysis showed
3RM vmean was significantly lower than all CMJ and SJ experimental BS vmean. There

were no significant differences in BS vmean between TCRPs.

Table 3. Back squat mean velocity, presented as individual repetitions and the average
of the individual repetitions within the three-repetition maximum assessment and
within each experimental condition. Hedge’s g with 95% confidence intervals between
3RM and experimental condition back squat mean velocity are also presented.

e TG s s s sy g

. 3RM 036£003  031£004  027:004 031003 -
60 040£007 0372006 034008 0372007 5o 04 2)
120 0415007 0392007 036006  039£007 ol
oM 180 041007 039£006  036:006  030:006 o %10 0
240 039£008  037£008  034%008 037008 p _17%f3f5()9_143)
300 042£009  039:008 036008 0393008 con 00, 478)
60 041008 0382009 034008 0372009 _250{?’5_200)
120 040£008  038:008 0343007  038+008 D0
s 180 042£008  040£007  036£007 04020072 4o l200 o0
240 040£0.10 0382007  036%0.12 0383009 .25)1'?(-)3174)

300 0.41£0.07 0.38 £ 0.06 036£008  0.38£0.07° 1073

(-1.656, -0.470)

TCRP, total-contrast rest period; R1-3, repetition one, two and three; Average, mean of three repetitions; CMJ, countermovement
jump; SJ, squat jump; g, Hedge’s g effect size reported between 3RM and experimental condition mean velocity averaged across
three repetitions.

2 significantly different to 3RM (p < 0.001).
b significantly different to 3RM (p < 0.05).
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1 Countermovement Jump

2  Countermovement jump descriptive statistics are presented in Table 4, and repeated-

3 measures ANOVA results are presented in Table 5.
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Table 4. Countermovement jump dependent variable descriptive statistics, expressed as mean + SD.

Dependent Variable

TCRP CONDITION TIME Plrr?]r;lallssi;/e Peak Force Mean Force Peak I_?1FD Average_ﬂRFD RFD In_;jex Prqlpi;lzion
(s) (N's) (N) (N) (N-s™) (N-s™) (N-s7) (s)
BASELINE 223.29 + 30.34 1976.79 + 204.43 1629.65 + 176.41  5050.59 + 1854.36  1980.30 + 771.31 58913.51 + 53502.15 0.28 +£ 0.04
CON
PRE_BS 227.31+28.48 2024.39 + 125.65 1619.65 + 148.01  5299.41 +2245.27 2178.68 + 1138.81  44799.88 + 47349.44 0.29 + 0.04
60
BASELINE 223.29 + 30.34 1976.79 + 204 .43 1629.65 + 176.41  5050.59 + 1854.36  1980.30 + 771.31 58913.51 + 53502.15 0.28 £ 0.04
EXP
POST_BS 226.55 +26.18 1993.23 + 152.53 1600.67 + 148.27  5750.59 +2176.76  2169.47 + 1187.19  46218.61 + 17661.42 0.29 + 0.04
BASELINE 231.18 £ 24.44 2055.48 + 154.53 1678.29 £ 171.95  4774.71 +2533.09 2467.48 +1272.23  53436.23 + 31035.30 0.28 +£0.03
CON
PRE_BS 230.33 £ 25.94 2038.99 + 188.79 1658.88 + 180.87  4905.88 + 2289.23  2349.54 + 1355.59  57555.50 + 61131.04 0.28 £ 0.04
120
BASELINE 231.18 £ 24.44 2055.48 + 154.53 1678.29 £ 171.95  4774.71 +£2533.09 2467.48 +1272.23  53436.23 + 31035.30 0.28 £ 0.03
EXP
POST_BS 231.97 + 28.56 2050.94 + 226.68 1646.16 £ 197.36  5107.65 + 2525.86 2448.47 + 1022.67  66943.56 + 57557.39 0.29 £ 0.04
BASELINE 226.71+21.76 2003.99 + 170.62 1650.17 £ 130.13  4861.18 £ 2062.83 2222.79 + 1099.98  67880.46 + 70222.80 0.28 £ 0.04
CON
PRE_BS 226.78 + 25.26 2001.64 + 136.41 1633.34 £ 140.61  5362.35+2083.97 2190.65 + 991.72 70390.39 + 68324.32 0.28 £ 0.04
180
BASELINE 226.71 £ 21.76 2003.99 + 170.62 1650.17 £ 130.13  4861.18 £ 2062.83 2222.79 + 1099.98  67880.46 + 70222.80 0.28 + 0.04
EXP
POST_BS 229.66 +29.70 1984.39 + 142.89 1619.41 £ 138.42  5544.71 +£2090.51 2540.98 +1155.36  61611.62 + 52343.14 0.29 £ 0.04
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240

CON

EXP

BASELINE

PRE_BS

BASELINE

POST_BS

22718 £22.74

229.45 + 23.27

22718 +22.74

237.20+24.72

2070.15 £ 204.04

2028.37 + 189.56

2070.15 + 204.04

2008.78 + 163.86

1653.32 + 158.27

1655.19 £ 160.23

1653.32 + 158.27

1607.00 + 135.62

5102.94 + 2526.25

4384.71 £ 1929.37

5102.94 + 2526.25

5731.18 + 2600.01

2567.60 £ 1222.42

2118.78 £ 894 .47

2567.60 + 1222.42

2690.90 + 1318.35

52173.06 + 46370.42

68144.15 + 54267.05

52173.06 + 46370.42

42316.44 + 29970.60

0.28 + 0.04

0.28 + 0.04

0.28 £ 0.04

0.29 £ 0.04

300

CON

EXP

BASELINE

PRE_BS

BASELINE

POST_BS

230.39 £ 25.19

227.33 +25.82

230.39 +25.19

229.93 + 26.11

2059.48 + 191.87

2002.59 £ 233.30

2059.48 + 191.87

2016.00 + 184.90

1657.68 + 159.22

1640.24 + 194.59

1657.68 + 159.22

1614.87 £ 189.12

4817.06 + 2548.74

4652.35 + 2105.89

4817.06 + 2548.74

4882.35 + 2515.55

2627.06 + 1526.89

1892.58 + 896.18

2627.06 + 1526.89

2466.30 + 821.94

74858.80 + 72553.19

71063.09 + 63559.88

74858.80 + 72553.19

42227.60 + 39446.46

0.28 £ 0.04

0.29 + 0.04

0.28 + 0.04

0.29 + 0.04

TCRP, total contrast rest period; CON, control condition; EXP, experimental condition; BASELINE, best performed repetition from the baseline set of jumps in the control condition; PRE-BS, best
performed repetition from the post-ICRP set of jumps in the control condition; POST-BS, best performed repetition from the post-ICRP set of jumps in the experimental condition; RFD, rate of force

development.
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Table 5. Countermovement jump repeated measures ANOVA results. Significant interactions and main effects are shown in bold.

Dependent Variable

Effect Propulsive Impulse Peak Force Mean Force Peak RFD Average RFD RFD Index Propulsion Time
(N-s) (N) (N) (N's™) (N's™) (N's?) (s)

F4' 64 — 1.641 F4. 64 = 1.972 F4' 64 = 1.580 F4, 64 — 0.540 F4. 64 — 1.209 F2,552| 40987 = 0.653 F4, 64 = 0.666
TCRP p=0.175 p=0.109 p=0.190 p = 0.707 p=0.316 p = 0.562 p=0618

ne? = 0.093 ne = 0.044 ne? = 0.090 ne? = 0.707 ne = 0.070 ne? = 0.039 Ne? = 0.040

F1, 16 = 5.330 F1, 16 — 0.744 F1, 16 = 29.333 F1' 16 = 3.475 F1,1e = 8.806 F1' 16 = 2.357 F1’ 16 = 27.489
CONDITION p=0.035 p = 0.401 p <0.001 p = 0.081 p=0.009 p = 0.144 p <0.001

ngZ = 0.250 Ne? = 0.110 ngZ = 0.647 N2 = 0.178 n,Z = 0.355 N = 0.128 ne? = 0.632

F1 16 = 3.079 F1 16 = 3.125 F1’ 16 = 20.686 F1 16 = 0.913 F1 16 = 0.274 F1' 16 = 0.379 F1, 16 = 10.474
TIME p =0.098 p=0.096 p < 0.001 p=0.354 p=0.608 p = 0.547 p = 0.005

ne? = 0.161 ne? = 0.163 n,2 = 0.564 ne? = 0.054 ne = 0.017 ne? = 0.023 n,2 = 0.396

F4' 64 — 1.948 Fz_gzgv 45270 = 0.573 F4' 64 — 1.147 F4, 64 — 1.178 F4. 64 = 0.645 F4, 64 — 1.081 F4, 64 — 0.701
TCRP*CONDITION p=0.113 p =0.626 p=0.343 p = 0.329 p=0.633 p=0.373 p = 0.594

ne? = 0.109 ne? = 0.035 ne? = 0.067 Ne? = 0.069 ne = 0.039 ne? = 0.063 ne? = 0.042

F4, 64— 2.740 F4, 64 — 1.593 F4' 64 = 0.113 F2_321,45_133 =0.454 F4, 64 — 1.084 F4_ 64 = 0.625 F4' 64 = 0.218
TCRP*TIME p =0.036 p=0.187 p =0.997 p=0.704 p=0.372 p = 0.646 p = 0.869

Ny = 0.146 Ne? = 0.091 Ne? = 0.007 ne? = 0.028 ne? = 0.063 ne? = 0.038 N2 = 0.013

F1,1s =5.330 F1, 16 = 0.744 F1’ 16 = 29.333 F1, 16 = 3.475 F1, 16 = 8.806 F1' 16 = 2.357 F1, 16 = 27.489
CONDITION*TIME p=0.035 p =0.401 p <0.001 p=0.08 p =0.009 p=0.144 p <0.001

n,2 = 0.250 ne? = 0.044 n,2 = 0.647 N’ =0.178 n,2 = 0.355 ne? =0.128 n,2 = 0.632

F4' 64 = 1.948 Fz_gzgv 45270 = 0.573 F4' 64 — 1.147 F4, 64 — 1.178 F4. 64 = 0.645 F4, 64 — 1.081 F4, 64 — 0.701
TCRP*CONDITION*TIME ~ p=0.113 p =0.626 p=0.343 p=0.329 p=0.633 p=0.373 p=0.594

ne? = 0.109 ne? = 0.035 ne? = 0.067 Ne? = 0.069 ne = 0.039 ne? = 0.063 ne? = 0.042

2 TCREP, total contrast rest period; CONDITION, control or experimental; TIME, pre-ICRP or post-ICRP.

3
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Analysis of Jerop showed a significant interaction for CONDITION*TIME. Post
hoc analysis showed that POST-BS was higher than PRE-BS and higher than
BASELINE. There was no difference between PRE-BS and BASELINE (Table 6).
There was a significant interaction for TCRP*TIME. Post hoc analysis showed
TCRP240_POST was significantly higher than TCRP240_PRE (t16 = 2.665, p = 0.017,
g=0.631(0.111, 1.135)). There was a significant main effect of CONDITION, with EXP
being higher than CON.

Table 6. Countermovement jump CONDITION x TIME post hoc analysis. Pairwise
significance and effect size between collapsed variables where a significant interaction
was found are presented. Effect size (g) is reported with 95% confidence intervals.
Significant effect sizes are highlighted in bold.

Variable Pairwise Comparison p g Cl
POST-BS - PRE-BS 0.035 0.547 0.039, 1.040
Pmp”'s(i,‘\’fs')mp“'se POST-BS - BASELINE 0.028 0.571 0.060, 1.068
PRE-BS - BASELINE 0.663 0.103 -0.353, 0.555
POST-BS — PRE-BS <0.001 1.283 0.632, 1.912
Mea?NF)me POST-BS - BASELINE <0.001 1.468 0.772, 2.143
PRE-BS - BASELINE 0.046 0.513 0.009, 1.002
POST-BS - PRE-BS 0.009 0.703 0.171, 1.217
A"e(rﬁﬁse_g‘FD POST-BS - BASELINE 0.613 0.122 -0.346, 0.586
PRE-BS - BASELINE 0.055 0.490 0.011, 0.977
POST-BS — PRE-BS <0.001 0.999 0.412, 1.566
Pmp“'?isc;” Time POST-BS - BASELINE <0.001 1.045 0.448, 1.622
PRE-BS - BASELINE 0.239 0.289 -0.190, 0.760

BASELINE, collapsed variable calculated as the mean of the best performed repetition from the baseline set of jumps in the
control condition from each total contrast rest period (TCRP) intervention; PRE-BS, collapsed variable calculated as the mean of
the best performed repetition from the post-ICRP set of jumps in the control condition from each TCRP intervention; POST-BS,
collapsed variable calculated as the mean of the best performed repetition from the post-ICRP set of jumps in the experimental
condition from each TCRP intervention; RFD, rate of force development.

No significant interactions or effects were found for PF. Analysis of MF revealed
a significant interaction for CONDITION*TIME. Post hoc analysis showed that POST-
BS was lower than PRE-BS and lower than BASELINE. PRE-BS was lower than
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BASELINE. There was a significant main effect of TIME, with PRE being higher than
POST. There was a significant main effect of CONDITION, with CON being higher than
EXP.

Analysis of RFDave showed a significant interaction for CONDITION*TIME.
Further analysis showed POST-BS was higher than PRE-BS. There was no difference
between POST-BS and BASELINE or PRE-BS and BASELINE. There was a
significant main effect of CONDITION, with EXP being higher than CON. No significant

interactions or effects were found for RFDpeak or RFDinDEX.

Analysis of terop revealed a significant interaction of CONDITION*TIME.
Further analysis showed POST-BS was higher than PRE-BS and higher than
BASELINE. There was no difference between PRE-BS and BASELINE. There was a
significant main effect of TIME, with POST being higher than PRE. There was a
significant main effect of CONDITION, with EXP being higher than CON.

Squat Jump

Squat jump descriptive statistics are presented in Table 7 and repeated measures
ANOVA results are presented in Table 8.
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Table 4. Squat jump dependent variable descriptive statistics, expressed as mean + SD.

Dependent Variable

TCRP  CONDITION TIME P{;‘;ﬂ'lssi;’e Peak Force Mean Force Average RFD RFD 50 ms RFD 100 ms RFD 150 ms P"’Tpiﬂzi"”
(N-s) (N) (N) (N-s™) (N-s™) (N-s™) (N-s) (s)
e mossmn SRS WSE:  WDTL wmms  mmee  enss g
CON
e amersa WSS mm @mUe  wmes  amme W o
i ssene mussms SRS WSS:  WDTL wmme  gmee  ense og
EXP
ostas smsse WS MRS wmms seme  emme o @mme g
e memswn ST WSS wmme wmus  wmn emas og
T e amrewme  WSEe  wmEe e wm2e unoe dmer g
woene memsma WSE: MR smws  wmus amee om0
T bosrss momm SESE s s emme  wme amMe g
cceine mmmswm NS MR TmE wmEs wmmh emsi oua
CON
e ameswn WSS W gmme  Smes  @mme o2 oo
ssene smaswa WSS MRNe  wmas  emoe  weme seme g
T bosras mmaswn  EES MOTe S smes wmze  wmee .
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1935.09 = 1420.36 = 4150.39 5074.81 5324.71 4572.56

con BASELINE 226.16 + 32.01 270.78 125.45 1609.15 3022.56 1753.24 1436.43 0.37 £0.05
ees swmamu  URSE ME.  emoe  gmas smg @S ou.e
240
ssene mewsa S B G wmue sans RS
EXP
postes smasae e WM. emes  wme  smne S0Ee g
soene mmsms  SGET VES e gmas gwen eeEs g
T e amasma WEe e o wmes smme  mmen g
csene mmasmse e MR e wmae omon e ol
EXP
ostas aors WS RS wEus s wmams o g

TCRP, total contrast rest period; CON, control condition; EXP, experimental condition; BASELINE, best performed repetition from the baseline set of jumps in the control condition; PRE-BS, best
performed repetition from the post-ICRP set of jumps in the control condition; POST-BS, best performed repetition from the post-ICRP set of jumps in the experimental condition; RFD, rate of force

development.
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Table 8. Squat jump repeated measures ANOVA results. Significant interactions and main effects are shown in bold.

Dependent Variable

Propulsive

Effect Impulse Peak Force Mean Force Average RFD RFD 50 ms RFD 100 ms RFD 150 ms Propulsion Time
(N-s) (N) (N) (N-s™) (N's™) (N-s™) (N-s?) (s)

F4. 64 = 0.196 F4. 64 = 0.627 F4' 64 = 0.304 F2.013' 32.206 = 0.632 F4 64 — 1.093 F4_ 64 — 0.958 F4. 64 = 0.531 F4. 64 = 0.268
TCRP p=0.887 p=0.645 p=0.834 p=0.539 p=0.368 p=0.421 p=0.714 p =0.897

ne2 = 0.012 ne = 0.038 ne? = 0.019 ne = 0.038 ne? = 0.064 ne? = 0.056 n2=0039  ng2=0.017

F1 16 = 6.157 F1 16 — 0.145 F1, 16 = 4.798 F1 16 — 3.228 F1 16 — 30.007 F1 16 = 0.526 F1 16 — 2.526 F1, 16 — 21.666
CONDITION p = 0.025 p=0.709 p = 0.044 p = 0.091 p=0933 p=0.479 p=0.132 p < 0.001

N2 = 0.278 Ne? = 0.009 ne? = 0.231 N2 = 0.168 Ne? = 0.000 Ne? = 0.032 Ne? = 0.136 Ne? = 0.575

F1,16 =9.276 F1, 16 = 0.002 F1’ 16 = 12.048 F1, 16 = 2.090 F1, 16 = 4.074 F1’ 16 = 4.074 F1y15 =5.812 FT, 16 = 8.892
TIME p =0.008 p =0.964 p =0.003 p=0.168 p =0.061 p = 0.022 p=0.028 p =0.009

n,2 = 0.367 ne? = 0.038 n,2 = 0.430 ng? = 0.116 ne? = 0.203 n,2 = 0.287 n2=0.266  ng2=0.357

F4. 64 = 0.441 F4. 64 = 0.316 F4' 64 — 0.514 F2.855,45.684 =1.092 F2-574,41.154= 0.912 F4' 64 — 0.802 F4. 64 = 0.993 F4. 64 = 1.010
TCRP*CONDITION p=0.778 p=0.823 p=0.677 p=0.360 p=0.431 p=0.528 p=0414 p =0.409

ne = 0.027 ne2 = 0.019 ne? = 0.031 ne = 0.064 ne? = 0.054 ne? = 0.048 ne?=0058  ng?=0.059

F4, 64— 0.656 F4, 64 — 0.579 F4, 64 = 1.720 F4, 64 — 0.585 F2,589,41_429 =0.663 F4_ 64 = 1.860 F4, 64 — 0.780 F4, 64 — 0.718
TCRP*TIME p=0573 p=0.629 p=0.161 p = 0.663 p =0.558 p=0.148 p=0.533 p = 0.583

Ne? = 0.039 Ne? = 0.035 Ne? = 0.097 ne? = 0.035 Ne? = 0.040 Ne? = 0.104 Ne? = 0.047 Ne? = 0.043

F1,15= 6.157 F1 16 = 0.145 F1,15 =4.798 F1 16 = 3.228 F1 16 = 0.007 F1 16 = 0.526 F1 16 = 2.526 F1 16 = 3.991
CONDITION*TIME p = 0.025 p=0.709 p = 0.044 p = 0.091 p=0.933 p=0.479 p=0.132 p =0.063

n,2 = 0.278 ne? = 0.009 N2 = 0.231 ne? = 0.168 ne? = 0.000 ne? = 0.032 n2=0136  ng2=0.200

Fs 64=0.441 Fs 64 =0.316 Fs64 =0.514 Fogs5 45684 = 1.092  Fos7441184=0.912  F4 64 = 0.802 Fs 64 =0.993 F2.002, 32,030 = 0.340
TCRP*CONDITION*TIME ~ p=0.778 p=0.866 p=0.677 p=0.360 p=0.431 p=0.518 p=0418 p=0714

ne = 0.027 ne2 = 0.019 ne? = 0.031 ne = 0.064 ne? = 0.054 ne? = 0.048 nZ=0.058  ng2=0.021

TCREP, total contrast rest period; CONDITION, control or experimental; TIME, pre-ICRP or post-ICRP.
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Analysis of Jerop revealed a significant interaction of CONDITION*TIME.
Further analysis showed POST-BS was higher than PRE-BS and higher than
BASELINE. There was a significant main effect of TIME, with POST being higher than
PRE. There was a significant main effect of CONDITION, with EXP being higher than
CON.

Table 9. Squat jump CONDITION x TIME post hoc analysis. Pairwise significance and
effect size between collapsed variables where a significant interaction was found are
presented. Effect size (g) is reported with 95% confidence intervals. Significant effect

sizes are highlighted in bold.

Variable Pairwise Comparison p g Cl
POST-BS - PRE-BS 0.025 0.588 0.074, 1.086
Pr°p“'s(m_es')mp“'se POST-BS - BASELINE 0.009 0.699 0.168, 1.213
PRE-BS - BASELINE 0.169 0.341 -0.143, 0.815
POST-BS - PRE-BS 0.044 0.519 0.015, 1.009
Mea?NF)me POST-BS - BASELINE 0.004 0.783 0.238, 1.311
PRE-BS - BASELINE 0.012 0.668 0.142,1.178

BASELINE, collapsed variable calculated as the mean of the best performed repetition from the baseline set of jumps in the
control condition from each total contrast rest period (TCRP) intervention; PRE-BS, collapsed variable calculated as the mean of
the best performed repetition from the post-ICRP set of jumps in the control condition from each TCRP intervention; POST-BS,
collapsed variable calculated as the mean of the best performed repetition from the post-ICRP set of jumps in the experimental
condition from each TCRP intervention; RFD, rate of force development.

No significant interactions or effects were found for PF. Analysis of MF showed
there was a significant interaction of CONDITION*TIME. Further analysis showed
EXP_POST was lower than CON_POST and EXP_PRE. CON_POST was lower than
CON_PRE. There was a significant main effect of TIME, with PRE being higher than
POST. There was a significant main effect of CONDITION, with CON being higher than
EXP.

No significant interactions or effects were found for RFDave or RFDso. Analysis
of RFD100 and RFD1s0 revealed significant main effects of TIME, with PRE being higher
than POST. Analysis of trrop revealed a significant main effect of TIME, with POST
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1 being higher than PRE, and a significant main effect of CONDITION, with EXP being
2 higher than CON.

31



21
22
23
24
25
26
27
28
29
30

31
32

DISCUSSION

This study assessed the effect of 15s RR between 3RM BS repetitions on subsequent
explosive force application within a CCT set. The present study is the first to consider
the effect of RR of different TCRPs on vertical jump force application with the aim of
using alternative set strategies to improve CCT efficacy for practitioners by limiting the
total time required within CCT sets to observe PAPE. For both jumps, Jrror was
significantly greater at POST-BS than BASELINE and PRE-BS when averaged across
all TCRPs, suggesting Jrror was augmented post-CA (Tables 6 and 9), however
differences between TCRP values were not significantly large enough to establish
where PAPE manifested (Tables 5 and 8). Numerical difference between timepoints
(Tables 4 and 7) were mostly below, or similar to, TE and SWC (Table 2), meaning it
is more likely that Jrror was maintained. However, explosive force application may
have been negatively affected. Increased terrop values for both jumps in POST-BS
suggest participants spent longer applying force to the ground rather than producing
propulsive force in shorter time frames. This is further evidenced by RFD results. For
both jumps, RFD variables either did not change or decreased at POST-BS compared
to PRE-BS and BASELINE (Tables 6 and 9). This suggests RFD attenuated post-CA
and to maintain Jerop (and therefore jump height), participants spent longer applying
force to the ground. Therefore if enhanced explosive force application is the rationale

for implementing CCT, longer TCRPs may be required for PAPE to manifest.

The lack of significant interactions of TCRP*CONDITION*TIME suggest that it
is unlikely PAPE was present. Therefore, regardless of the CCT set structure, >5
minutes may be required to observe PAPE. This is consistent with current
understanding of the timecourse of PAPE (12,46), and suggests that combining RR
within CCT prescriptions may not reduce the TCRP required to observe PAPE.
However, these findings also suggest overall jump performance was equally affected
by each TCRP. This may be useful in training scenarios where training time is limited
or enhanced explosive force application is not the aim. Practitioners may maintain
training density by combining training methods to maintain jump height through

alternative jumping strategies, at the detriment of rapid force production.

The present results suggest Jrrop was maintained post-CA by implementing

RR strategies within the CCT set. While no change in overall jump performance was
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observed, change in force-time metrics suggest that vertical jump propulsion strategy
changed as a result of intervention. Mechanically, change in propulsion strategy
manifests as change in the shape of the force-time curve (6). For both CMJ and SJ,
longer POST-BS trrop (Tables 4 and 7) suggest Jrrop was maintained by spending
longer applying force to the ground during propulsion. These results may be useful for
practitioners in certain training scenarios. The combined use of RR and CCT may be
prescribed during hypertrophy and strength phases where slower acceleration is
typically observed. The observed increase in trror may improve the capacity to
produce force (58). This may be particularly beneficial in sports specific training
scenarios for sports where certain jumping techniques involve a preparatory step and
resultant longer ground contact times like volleyball and basketball (51). It may also
be beneficial during mid-to-late stage achilles or patellar tendinopathy rehabilitation,
where jumping may start to be reintroduced. Reduction in the rate of tendon loading
may reduce the prevalence of re-injury during rehabilitation and provide progressive
overload that prioritises force production before progression to faster SSC variants
(35). Furthermore, the lack of difference between TCRPs suggest TCRP60 was
equally as effective as TCRP300. Thus training density can be maintained and training
time can be maximised. However in power mesocycles, where RFD is priortised, the
use of CCT may still require >5 minutes TCRP to observe PAPE. This may still be
practical as typically, longer rest periods and less volume are prescribed during
mesocycles focused on power. Practitioners may also consider embedding other, non-
invasive tasks or accessory exercises into the longer rest periods to maintain training

efficiency.

Multiple RFD metrics were measured as it is widely accepted that PAPE
enhances explosive force application by augmenting RFD rather than the extremes of
the force-velocity curve (44,53). Despite higher values at POST-BS across TCRPs,
the interaction of CONDITION*TIME found for RFDave may not be meaningful (Table
6). The mean difference in RFDave between these values was smaller than SWC and
TE (Table 2). It is, therefore, unlikely that a more efficient SSC was observed. This is
further evidenced by the lack of significant findings or interactions observed for
RFDreak and RFDinpex (Table 5). Furthermore, SJ results showed main effects of
TIME for RFD100 and RFD1s0 (Table 7), with PRE being higher than POST for both

metrics (Table 8), suggesting vertical jump RFD was also not enhanced by increased
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rapid, synchronous motor unit recruitment. Results of previous studies suggest that 24
minutes of ICRP is required for PAPE to manifest as an increase in RFD. For example,
Arabatzi et al. (3) found that SJ height and RFDpeak increased four minutes after
performing maximal isometric squats, and Kilduff et al. (28) did not observe enhanced
RFDeeak until eight minutes post-CA. The results of the present study suggest RFD
was negatively affected or maintained by combining RR and CCT. This may be
because fatigue and movement pattern interference were still not adequately negated
to facilitate PAPE by up to TCRP300. Alternatively, it may be that implementing RR
reduced the neuromuscular effectiveness of the CA for recruiting higher threshold
motor units, as indicated by increased experimental BS Vmean compared to 3RM
(Table 3). Furthermore, it remains unclear whether greater RFD metrics may have

been observed if longer TCRPs had been considered with, or without RR.

The reliability of RFD metrics may suggest another possibility for the lack of
effect of the intervention. Large and very large ICCs were calculated for all RFD
metrics except for RFDinpex (Table 2), which is consistent with previously reported data
(18,40). However, studies have reported coefficients of variation ranging from 11.8%
to 21.4% for various RFD metrics, (18,37,40), suggesting that within-subject variance
affects the reliability of RFD metrics. This may be a result of the recreational status of
the participants, who may not have consistent jumping strategies between repetitions,
compared to better trained or more experienced populations. Although RFD is a vital
component of explosive force application when considering changes in Jrrop, low
within-subject reliability in certain tasks limits its usefulness as an assessment metric.
Further research is needed to refine methodologies and investigate the conditions
under which PAPE can reliably enhance rapid force production more generally, rather
than in specific populations from professional sports, to improve the efficacy of CCT

as a training method.

Mechanistically, longer terop increases the total work performed by the gluteus
maximus and quadriceps (32), which may also result in greater high-threshold motor
unit activation due to the high-load CA (15). Furthermore, the likely deeper triple flexion
during the braking phase, characteristic of longer trror, may allow for the generation
of greater propulsive hip torque (10). These changes would be characteristic of a
reduction in SSC efficiency rather than the increased storage and use of elastic energy

in the musculotendinous unit and rapid motor unit recruitment associated with SSC
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enhancement and subsequent improvements in RFD (33,57). Future research should
consider investigating changes in jumping strategy using a combination of force-time
metrics and electromyography to better elucidate resultant changes in muscle

activation and possible effects on jumping strategy.

Moderate and large pairwise effects (g) indicate that 15s RR between 3RM BS
repetitions increased the average vmean in all interventions compared to 3RM (Table
3). It was theorised that RR may limit CA fatigue and movement pattern interference
within CCT compared to continuous repetitions. Few studies have assessed the effect
of RR and high-load compound movements on subsequent vertical jump performance.
Cuevas-Aburto et al. (14) found that vertical jump performance diminished similarly
after both traditional and alternative set structures compared to a control condition.
However, BS were performed using 10RM, which may not enhance muscle activation
as effectively as 3RM (31). As only BS vmean was analysed to assess fatigue and
movement pattern interference in the present study, it is unknown whether either was
attenuated with the inclusion of RR. Therefore, despite significant moderate and large
effect sizes, it remains unclear whether RR failed to adequately reduce movement
pattern interference to affect explsove force application, or if RR limited the efficacy of
the CA for recruiting higher threshold motor units compared to continuous repetitions.
Regardless, it is unlikely that RR had a meaningful effect on movement pattern
interference, as RFD, which is highly dependent on rapid, early high threshold motor

unit recruitment (33), likely had minimal effect on Jeror.

Finally, it is generally considered that stronger athletes (relative 1RM BS = 1.75)
respond better to CCT due to a higher ratio of type Il to type | muscle fibres and the
ability to recruit high-threshold motor units more rapidly compared to weaker athletes
(13). This is supported by literature showing enhanced vertical jump performance in
stronger participants (15,28,45). Furthermore, stronger athletes produce higher RFDs
(49). Participants in the present study had a relative 3RM of 1.66, which may suggest
that they were not sufficiently conditioned to benefit from PAPE. However, Jrprop was
maintained by increasing teror, suggesting that in weaker populations, RR may
enhance motor unit recruitment of type | muscle fibres, with the mitigation of acute
fatigue resulting in the thresholds for fast-twitch motor unit recruitment not being

reached.
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In conclusion, RR may limit CA fatigue enough to observe maintenance of Jrror
due to longer terop in both CMJs and SJs, suggesting that the SSC is unaffected by
RR. Limiting fatigue in this way may maintain jumping performance within a CCT set,
potentially improving the efficacy of CCT as a training modality. However, vertical jump
RFD was not affected by CA, suggesting that while fatigue was attenuated, movement
pattern interference may still have been present. Therefore, more rest, whether
between CA repetitions or prescribed as the ICRP, may be required to observe
enhanced RFD. Future research should investigate the effects of various alternative
CA set configurations on vertical jump performance to better understand the effects of
RR and TCRP on vertical jump performance. It should also consider the impact of
alternative set strategies within CCT prescriptions on stronger athletes, where PAPE

is more likely to be elicited.

Practical Applications

Complex-contrast training is a popular advanced training method for enhancing
explosive force application. However, the ICRPs required to attenuate fatigue and
movement pattern interference elicited by high-load CAs may not be practical. This
study has shown that fatigue can be sufficiently reduced to maintain vertical jump Jeror
with 15s RR between CA repetitions in moderately strong, recreational athletes.
However, the lack of effect on RFD variables suggest PAPE was not present, or not
yet observable. Furthermore, the TCRPs assessed in the present study are not
suitable for minimising movement pattern interference. Practitioners may consider
using alternative set strategies to maintain vertical jump performance within CCT
during hypertrophy and strength phases, or during rehabilitation, but may need to

consider other CCT set configurations if the aim is to acutely enhance RFD.
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TABLE LEGENDS
Table 5. Control and experimental conditions.

Table 6. Intraclass correlation coefficients (ICC), typical error (TE) and smallest
worthwhile change (SWC) with 95% confidence intervals. For countermovement
jumps and squat jumps, propulsive impulse, peak and mean force, and propulsion time
are reported. For countermovement jumps, peak, average and index RFD are
reported. For squat jumps, average RFD, and RFD over the first 50, 100 and 150 ms
of propulsion are reported.

Table 7. Back squat mean velocity, presented as individual repetitions and the average
of the individual repetitions within the three-repetition maximum assessment and
within each experimental condition. Hedge’s g with 95% confidence intervals between
3RM and experimental condition back squat mean velocity are also presented.

Table 4. Countermovement jump dependent variable descriptive statistics, expressed
as mean + SD.

Table 5. Countermovement jump repeated measures ANOVA results. Significant
interactions and main effects are shown in bold.

Table 6. Countermovement jump CONDITION x TIME post hoc analysis. Pairwise
significance and effect size between collapsed variables where a significant interaction
was found are presented. Effect size (g) is reported with 95% confidence intervals.
Significant effect sizes are highlighted in bold.

Table 8. Squat jump dependent variable descriptive statistics, expressed as mean +
SD.

Table 8. Squat jump repeated measures ANOVA results. Significant interactions and
main effects are shown in bold.

Table 9. Squat jump CONDITION x TIME post hoc analysis. Pairwise significance and
effect size between collapsed variables where a significant interaction was found are
presented. Effect size (g) is reported with 95% confidence intervals. Significant effect
sizes are highlighted in bold.
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