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1 Introduction

A superior level of muscular strength, described as the ability to produce force against
an external resistance (Siff, 2000; Stone, 1993), is strongly correlated to multiple factors
enhancing athletic performance (Suchomel et al., 2016). However, in a competitive sport
setting, the speed with which strength is expressed can be equally as important as its magnitude.
Performance in sports incorporating various types of jumping, sprinting, and rapid changes of
direction is greatly affected by athlete’s lower body power output (Cerrah et al., 2014; Gabbett
& Georgieff, 2007; Hoffman et al., 1996; le Gall et al., 2010), which colloquially refers to the

ability to produce a large amount of force in a short amount of time (Enoka, 2008).

Taking this into account, it should not come as a surprise that improving power output
has been reported to be one of the main aims of strength and conditioning coaches across
various sports and age groups (Duehring et al., 2009; Durell et al., 2003; Ebben et al., 2004,
2005; Ebben & Blackard, 2001; Simenz et al., 2005; Weldon et al., 2020). Although there are
a variety of training methods that can result in improved power output, probably the easiest to
implement and progress in most training environments is plyometric training. Plyometric
training requires little to no equipment and has been repeatedly validated as effective for
improving ability to produce power (Bedoya et al., 2015; Johnson et al., 2011; Markovic, 2007,
Slimani et al., 2016; Stojanovi¢ et al., 2017).

Although the available literature provides a high level of certainty in effectiveness of
plyometric training, the confidence in ways to optimize the plethora of training parameters as
well as identification and in-depth understanding of many factors which could influence them
is still lagging. Therefore, in this dissertation, we set out to summarize the state of knowledge
regarding factors which influence programming decisions regarding rest intervals and to test
the effect of some of these factors. Specifically, effects of inter-repetition rest duration to
prevent acute fatigue-related performance loss in a set of repeated jumps in the novel way

which would add value to both research and training practice.



THEORETICAL PART

2 Factors affecting rest-duration requirements: A systematic literature review

A systematic literature review was performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines (Page
et al.,, 2021). To search electronic databases, the Population, Intervention, Comparison,
Outcome (PICO) strategy was used and included terms for plyometric type exercise, types of
rest period, set structures, fatigue, and muscle damage. A systematic literature search in four
electronic databases: Web of Science, Scopus, SPORTDiscus, and PubMed was conducted first
on April 24™ 2020, and additional search was performed on July 19%, 2021.

2.1 Inclusion criteria

The studies had to fulfil the following inclusion criteria to be included in this systematic
review: (1) was published in English language; (2) was published in peer-reviewed journal; (3)
included only healthy participants; (4) used bodyweight loading during the intervention; (5)
used variations of jump exercises during the intervention; (6) clearly specified intervention
volume, intensity, and rest period length; (7) used non-machine based exercises (i.e., sledges,
isokinetic dynamometers, or other special equipment); (8) clearly specified how “jumps to
fatigue” was determined. Study reports using assisted jumps, resisted jumps, and special

equipment such as sledges and isokinetic dynamometers were excluded.
2.2 Defining rest periods

Table 1. Definitions of rest interval types.

Program variable Definition

Rest interval between individual repetitions within a single

Inter-repetition rest set (Tufano et al., 2017).

Rest interval between groups of repetitions within a single set

Intra-set rest .
nira-sctres in the context of cluster set structure (Tufano et al., 2017).

Rest interval between sets (i.e., multiple repetitions of an

Inter-set rest exercise performed in sequence) (Tufano et al., 2017).

Rest interval between individual plyometric training sessions

Inter-day rest (Ramirez-Campillo et al., 2015).

The number of training sessions performed in a given period

Training frequency of time, usually a week (Schoenfeld et al., 2016).




2.2 Search results

Figure 1. Flow chart of literature search process.

C )(

Identification of studies via databases Identification of studies via other methods )

. Records identified from
= databases (n = 8,422): Records removed
§ Web of Science (n = 2,526) | _gpu | before screening: Records identified from:
:‘E. Scopus (n = 2,108) Duplicate records Citation searching (n = 13)
s PubMed (n = 2,193) (n=4,534)
= | | SPORTDiscuss (n = 1,595)
_/
~ Y
Records screened Records excluded
(n = 3,888) (n = 3,830)
Repc_)rts souglht for Reports nc_>t retrieved Repprts soug_ht for Reports n(zt retrieved
= retrieval (n = 58) (n=0) retrieval (n = 13) (n=0)
=
"]
o
Q
(7]
Reports excluded (n = 14):
Insufficient description Reports excluded (n = 7):
Reports assessed of rest intervals (n =8) || Reports assessed Added resistance (n = 2)
for eligibility =] Sledge jumps (n = 3) for eligibility =] Sledge jumps (n = 3)
(n =58) . WISHAGEH dﬁ;sc(f ’P“O;} (n=13) Single joint task (n = 1)
of research sample (n = R ted sorint =1
Insufficient description of epeated sprints (n = 1)
exercise termination (n = 2)
./
>
3
= _Studl_es included
Te’ in review (n = 50)
\Z/

2.4 Conclusions

Based on the available literature, it seems that required rest duration is dependent on
the age and training status of the athlete. For example, untrained and unexperienced individuals
require longer rest periods than trained individuals, except for children, who are presumably
untrained in terms of structured training. However, children may be exposed to greater
plyometric volumes as part of their habitual activity and (un)structured play, which may also
be a point to consider in practice and in future research. Opposed to age and training status,
gender does not seem to significantly influence the fatigue resulting from single plyometric
session. Furthermore, manipulating inter-repetition rest, inter-set rest, and set structure seem

promising in reducing the effects of fatigue from physically demanding plyometric sessions.



Although, the benefits will likely be highly specific to different contexts. On the other hand,
programing unnecessary long rest durations to avoid fatigue might result in significantly
increased training duration which could be spent more productively. Novel or excessively
demanding plyometric sessions have been shown to significantly reduce knee extension
maximal voluntary isometric contraction and increase muscle soreness, creatine kinase activity,
and blood lactate concentration, with full recovery usually occurring within 7 days after the
exercise. The recovery time seems to greatly depend on interaction between athlete
characteristics and parameters of performed plyometric session (e.g., training volume, training
intensity, specific exercises). However, the repeated bout effect and therefore decreased
recovery time has been shown after repeated exposures to plyometric stimuli. A few studies
investigated effects of training frequency and inter-day rest on short term plyometric training
outcomes. However, no conclusive recommendations could be provided yet. The work done
so far could provide a solid foundation for further research of these topics, but some frequent
limitations should be addressed. For example, the high prevalence of untrained participants in
acute studies limits the application of the findings to populations usually involved in plyometric
training. Additionally, arm swing is frequently limited in research which is not usual in
plyometric training without added resistance, as restricting the arms would greatly reduce
training specificity. Furthermore, studies often include short follow-up periods which may not
allow full recovery to be observed after the intervention. Finally, many studies could not be
included in this review because the rest period length was not specified. Therefore, rest period
duration should become standard parameter included in the methods sections of future

plyometric studies.



3 Factors affecting rest-duration requirements: An update to the original systematic

literature review

Since the body of research regarding use of rest periods in plyometric training is

continuously developing, we decided to perform one more systematic literature search on

January 2", 2024, to identify the most up to date information in this field. The search itself was

in the most parts identical to the original. The searches differed only in applied restriction

regarding the publication year. The current literature search was restricted to only include

studies published in 2021 onwards.

3.1 Search results

Figure 2. Flow chart of literature search process.
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3.2 Conclusions

This literature review update does not yield any results which could be considered the
final missing pieces to answer some of the many questions regarding the optimal applications
of rest periods in lower body plyometric training. However, the included studies provide data
which either confirm previous findings (i.e., development of significant muscle soreness
following continuous jumps, fatigue compensation, cluster sets, and training frequencies) or
expand on previous concepts (i.e., amount and mechanism of muscle soreness after very long
inter-repetition rest durations and sensitivity of jumping performance variables for detecting
onset of fatigue) which may serve as important steppingstones for future scientific exploration.
Additionally, this update demonstrated continuous interest in these topics. We believe that the
following practical part of this dissertation will add some valuable information to further

advance this body of research.

EXPERIMENTAL PART

4 Primary and secondary hypotheses

Based on the systematic review of available literature the primary hypothesis had been
formed, stating that shorter inter-repetition rest would result in significantly greater
performance detriments with earlier onset during a set of maximal effort repeated CMlJs
compared to conditions with longer inter-repetition rest durations. Furthermore, shorter inter-
repetition rest would likely result in greater physiological response, larger subjective exertion,

and slower post-exercise recovery than longer inter-repetition rest.
Additionally, three secondary hypotheses were formed.

Firstly, it was hypothesized that BJ will result in significantly less impact force than HJ
and CMJ, and that BJ and HJ would result in significantly greater countermovement depth in
an effort to maximize the propulsion time in response to the need of overcoming an obstacle
which would lead to greater ground reaction forces, concentric velocities, and concentric power

compared to the CMJ.

Secondly, it was hypothesized that the jump variation with higher landing height (BJ)
and consequently producing lower impact forces upon landing would result in no significant
decrease of concentric performance (ground reaction forces, velocity, power, and jump height)

across a set of repeated maximal effort jumps. On the other hand, it was hypothesized that



decrease of concentric jJumping performance will occur when using jump variation with higher

impact forces (HJ).

Finally, we hypothesized that the anthropometric and performance characteristics of
our study samples would be significantly correlated with their jumping performance and the
decrease in jumping performance during a set of 50 continuous CMJs. Specifically, we
anticipated that better performance in all three jump types measured in the first data collection
would be associated with a lower levels of body fat percentage. Additionally, we expected to
find a significant negative correlation with greater body weight and no significant relationships
between the rest of the anthropometric parameters and the variables describing jumping
performance. Furthermore, we predicted that individuals and subgroups with higher levels of
maximal strength, a less steep back squat load-velocity profile, lower SJ, CMJ, and DJ
performance, as well as higher jump performance potentiation resulting from
countermovement, would demonstrate greater fatigue resistance, more efficient recovery, and
lower subjective exertion during and after the set of continuous CMJs performed in the second

data collection.

5 Methodology

A crossover repeated measures design was used in this thesis. Two distinct data
collections were performed to gather the data necessary to answer research questions related to

the aforementioned research problem.
5.1 Participants

The required sample sizes for both parts of data collection were calculated via a priori
power analysis using G*Power 3.1 (RRID:SCR_013726; G-Power, Brunsbiittel, Germany).
The results of the power analysis indicated 19 participants to be required for the first data
collection (effect size = 0.80; a err. prob. = 0.05; Power (1 err. prob.) = 0.90) and 12
participants for the second part of data collection (effect size = 1.20 (Kramer et al., 2019;
Pereira, de Freitas, et al., 2009; Pereira et al., 2008; Pereira, Morse, et al., 2009); a err. prob. =
0.05; Power (1 err. prob.) = 0.95). To fulfill these requirements and to account for a possible
drop-out of participants during the data collection process, 21 and 16 healthy, recreationally
trained, university-aged men were recruited to participate in the first and second part of the
data collection, respectively. All participants had to meet the following inclusion criteria: a)

valid certificate from sport physician clearing the individual for participating in sport related



activities; b) previous experience with strength training and plyometric training; c) back squat
1RM greater than participant’s own body weight (only the second data collection); d) pain free
vertical jumps and squats with barbell; e) ability to perform squats to the depth in which
participant’s femur bone is parallel to the floor; f) no reported pain, acute injuries, or ongoing
post-injury/post-surgery rehabilitation for at least 6-months prior to enrolling in this data
collection; g) absence of infectious, asthmatic, cardiovascular, and musculoskeletal diseases.
In total, three participants did not complete the data collection. One participant involved in the
first data collection discontinued his participation due to personal reasons unrelated to the
experiment. Furthermore, two participants were excluded from the second data collection due
to not meeting the minimal required lower body strength and failing to complete all parts of
the experiment after reaching premature volitional failure during one of the experimental
protocols, respectively. Therefore, 20 and 14 participants were included in the final analysis of
the first and second part of the data collection, respectively. All participants regularly
participated in sports (soccer, basketball, handball, martial arts, track and field, cycling, and
weightlifting) but did not compete in these sports professionally.

Table 2. Characteristics of study samples.

First data Second data
collection collection
n 20 14
Age (years) 25.17+3.48 25.50 +3.47
Body height (m) 1.80 £ 0.04 1.82+0.08
Body mass (kg) 80.00 + 7.82 85.15+10.76
Body fat (%) 11.46 £2.72 10.48 £ 5.58
Squat jump height (m) — 0.46 £ 0.04
Countermovement jump height (m) 0.41 £0.06 0.50 +£0.04
Drop jump height (m) — 0.49 +0.04
Reactive strength index 2.35+0.60 -
Back squat LVP slope (m's kg ™) - -0.009 + 0.002
Absolute back squat 1RM (kg) — 132.18 £17.72
Relative back squat 1RM (kg-kg ™) - 1.57+£0.22

IRM = one repetition maximum, LVP = load-velocity profile.



All participants received a detailed explanation of experimental procedures prior to
participating in this study and provided written informed consent, which was approved by the
university’s ethics committee (188/2021). Participants were asked to make no changes to their
normal dietary and supplementation habits throughout the study, to refrain from strenuous
lower-body exercise before the experimental sessions and during the rest days, to avoid sleep
restriction before the experimental sessions (> 7 hours of sleep), and to refrain from consuming

food and beverages at least 2 hours before each experimental session.

Figure 3. Back squat load-velocity profiles of individual participants from second data

collection.
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5.2 Data collection

5.2.1 First data collection

Each participant underwent three laboratory visits on non-consecutive days (> 48 h of
rest) with constant time of the day (+1 h). The first visit included detailed explanation of

experimental design followed by signing the informed consent, anthropometric measurements,

10



standardized warm-up, CM] test, reactive strength index (RSI) test, and familiarization with
BJ, HJ, and rating of perceived exertion (RPE) scale. The second and third visits included
standardized warm-up, 30 repetitions of either BJs onto a 50 cm box or HJs over a 50 cm hurdle

in counterbalanced order, and RPE.

Figure 4. Experimental protocol — first data collection.
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exertion, RPE = rating of perceived exertion, RSI = reactive strength index test, WU = warm-

up.

Anthropometric Measurements. An electronic column scale (Seca 769; Seca Gmbh &
Co. KG., Hamburg, Germany) with fitted stadiometer (Seca 220; Seca Gmbh & Co. KG.,
Hamburg, Germany) were used to determine participants’ body mass and body height,
respectively. Body composition, specifically — body fat percentage was determined using direct
multi-frequency bioelectrical impedance device (InBody 770, inBody co., Itd., Seoul, South
Korea). Additionally, leg length and lower leg length were measured using measuring tape in
tall standing position with extended and adducted legs. Leg length was defined as the distance
from anterior superior iliac spine to the proximal end of fifth metatarsal on dominant leg and
shin length as the distance from the lateral epicondyle to the proximal end of fifth metatarsal
on dominant leg. Upper leg length was then calculated as lower leg length subtracted from leg

length.
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Standardized Warm-Up. Participants performed a single set per exercise of following
exercises in this order: 30 ground contacts per leg of in-place running, 10 in place bilateral
pogo jumps, dynamic unilateral stretches of hip, knee, and ankle muscles (3 repetitions per leg
for each exercise), 10 bodyweight squats, 5 bodyweight reverse lunges per side, 5 bodyweight
lateral lunges per side, 5 bodyweight single-legged deadlifts, 5 bodyweight single-legged glut
bridges.

Countermovement Jump Test. Ten preparatory CMJs with light wooden dowel held
behind the base of the neck across the posterior shoulders were performed to provide specific
warm-up, to remove any possible positive or negative effects of potentiation on experimental
jumps, and to allow participants to familiarize themselves with the experimental setup. The
preparatory jumps were immediately followed by 3 maximal CMJs with the same setup. Both
preparatory and experimental jumps were performed standing on two three-dimensional
piezoelectric force platforms (Kistler 9286BA; Kistler Instruments Inc., Winterthur,
Switzerland) positioned side-by-side and synchronized to record as a single platform. The force
platforms recorded ground reaction forces using sampling frequency of 1000 Hz, a 16-bit A/D
board amplifier, and BioWare software (v5.3.2.9; Kistler Instruments Inc., Winterthur,
Switzerland). A custom MATLAB program (v1.8.0.121; MathWorks, Natic, MA, USA) was
used to export the data using 20 N threshold to identify individual phases of the jump.
Furthermore, a linear position transducer (GymAware Power Tool; Kinetic Performance
Technology Pty. Ltd., Canberra, Australia) was used to measure velocity and displacement.
The string of the linear position transducer was attached to the wooden dowel 30 cm from the
right shoulder towards the end of the dowel and the transducer itself being placed on the ground
directly below the end of the string (Hojka et al., 2021). The correct position of the string was
checked before every jump. Additionally, one researcher observed the movement of the dowel
during the data collection. Any trials with notable rotational dowel movements, deviation from
horizontal dowel position, or other cases of failed trial (i.e., hitting the obstacle during the flight
or not landing on the force plate) were excluded, and the trial was repeated after completing
the prescribed rest interval. The testing setup is depicted in Figure 5. The jumps were performed
in 10 second intervals (Miyama & Nosaka, 2007) measured via running timer with acoustic
signal (Gymboss miniMax; Gymboss Timers, St. Clair, MI, USA). Preceding pilot testing
confirmed this jump frequency to be sufficient and safe in cases when participant missed
landing and was forced to step outside the force platform to regain balance. The participants

were instructed to jump as high as possible and to land softly. The depth of the
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countermovement, speed of the countermovement, and stance width were self-selected by the
participants to maintain ecological validity. Verbal encouragement from researchers was

provided during the experimental jumps.

Reactive Strength Index Test. The RSI was measured during DJ from 30 cm high box
with light wooden dowel held across posterior shoulders behind the base of the neck (Figure
5). Two synchronized force platforms positioned side-by-side separated from the box by 5 cm.
The force platform hardware and software used to record and extract the ground reaction force
data for the RSI test were identical to those described for the CMJ test above. Participants stood
in an upright position on top of the box and stepped off by reaching forward with their non-
dominant leg. Participants were instructed to prevent jumping up or stepping down from the
box. Additionally, participants were instructed to land on the force platform with both feet at
the same time and to aim for maximal jump height possible while maximally reducing the
ground contact time. Participants were allowed to self-select their countermovement depth and
stance width to increase ecological validity. The jump frequency was identical to that described

for the CMI test above. The RSI was calculated as flight time divided by contact time.

Figure 5. Testing setup — first data collection.
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BJ = box jump, CMJ = countermovement jump, DJ = drop jump, HJ = hurdle jump.

Familiarization. All participants were familiarized with BJ and HJ conditions at the end
of the initial visit. Each participant performed at least 3 repetitions of BJ and HJ. Additional
repetitions were performed when considered necessary by researchers or requested by a

participant. Following the familiarization jumps, all participants were familiarized with rating
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of perceived exertion using 0-10 OMNI-RES scale for adults (Robertson et al., 2003). The
OMNI-RES scale for adults in paper form was provided for participants during both

familiarization and experimental sessions (Figure 6).

Box and Hurdle Jumps. Participants performed 30 repetitions of box jumps onto a 50
cm tall box and 30 repetitions of hurdle jumps over a 50 c¢m tall hurdle. These two conditions
were performed in counterbalanced order on two different days separated by a minimum of 48
hours. Participants assumed tall standing position on top of one force platform (take-off force
platform) facing the obstacle with the wooden dowel held in identical position described for
the CMJ test above. The nearest edges of both obstacles were positioned 15 cm from the front
edge of the take-off force platform. The second (landing) force platform was placed on top of
the box 5 cm from the edge closest to the take-off platform. The landing force platform for the
hurdle condition was placed on the ground behind the hurdle separated from the hurdle by 5
cm. The vertical distance from the top of the take-off platform to the top of the landing platform
placed on the box and to the top of the hurdle was equalized to 50 cm for both conditions. The
string of the linear position transducer was attached to the wooden dowel as described above
in the CMJ test section; however, for the box jump and hurdle jump conditions the body of the
device was placed on the ground on the right side from participants’ point of view at the equal
distance from the center of both force platforms. This placement was chosen to allow the
horizontal displacement of the dowel during the box and hurdle jumps and to account for
specific restrictions resulting from the testing setup used during these conditions. The used
device captures changes of the string angle to account for its horizontal movement; therefore,
it was possible to offset the device placement from the position directly below the dowel
without negatively influencing the data. Same as during the CMJ test, participants were allowed
to self-select their individually optimal stance width, countermovement depth, and
countermovement speed. Furthermore, participants were instructed to achieve the highest
possible jump height and to land softly throughout the whole trial. The jumps were performed
using jump frequency of 10 seconds which was measured and signalized by automatic timer
with acoustic signal (Gymboss miniMax; Gymboss Timers, St. Clair, MI, USA). Participants
were instructed to remain at the landing force platform for at least 1 second after landing to
regain balance and then to return to the starting position at the take-off force platform by
stepping down from the box or stepping over the hurdle and to wait for another acoustic signal.

One researcher observed the position and movement of the dowel throughout the whole trial

14



and any repetitions with notable dowel rotation or horizontal tilt were flagged and excluded

from the statistical analysis.

Dependent Variables. Ground reaction force data measured via force platforms were
used to determine peak take-off forces, rate of force development, total impulsion time, and
peak impact force. Peak take-off forces in vertical (PF-vertical), horizontal (PF-horizontal),
and resultant (PF-resultant) directions were calculated as the maximal force produced in each
direction from the initiation of the countermovement to the moment of take-off. Average rate
of force development during take-off phase (RFD) was calculated as PF-resultant divided by
the time to achieve PF-resultant (Haff et al., 2015). Total impulsion time was calculated as
duration from the initiation of the countermovement to the moment of take-off. Peak landing
forces were calculated as the maximal force produced in resultant (IF-resultant) and vertical
(IF-vertical) direction during the landing. The internal software of the linear position transducer
was used to determine countermovement depth as maximal downward displacement of the
dowel below the upright standing position during the take-off phase, mean and peak concentric
velocity, time to peak concentric velocity, peak concentric power, time to peak concentric

power, and jump height.

Figure 6. OMNI-RES scale for adults used to determine RPE (Robertson et al., 2003).
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5.2.2 Second data collection

Participants performed 50 maximal effort CMJs with various inter-repetition rest
durations on 5 non-consecutive days separated by at least 48 hours to prevent any carry-over

effect of fatigue. The jumps were performed continuously (ROc; whereby the end of one jump

15



immediately transitioned into the next jump) or intermittently with 0 (ROi; where they landed,
stood upright, and then began the next countermovement), 4 (R4), 8 (R8), and 12 (R12) seconds
of inter-repetition rest in counter-balanced quasi-randomized order. The time of the day was
kept constant for each participant (+1 h). All participants provided informed consent before
being enrolled in the experiment. Anthropometric measurements, standardized warm-up,
familiarization with the experimental procedure, vertical jump testing including SJ, CMJ and
DJ, load-velocity profile, and one repetition maximum (1RM) test for back squat exercise were
completed at least 48 h before the first experimental session in this order. Each experimental
session began with bodyweight measurement and muscle soreness assessment. Followed by
baseline heart rate and blood lactate concentration measurements, warm-up on bicycle
ergometer, baseline tensiomyography (TMG) measurement, and second part of warm-up
including dynamic stretching, calisthenic, and plyometric exercises. Participants then
performed an experimental procedure (50 CMlJs) throughout which heart rate as well as
multiple linear performance-related kinetic parameters were recorded. After completing the
experimental protocol, participants immediately assumed supine lying position on the nearby
massaging table and remained in this position until competition of all post-exercise
measurements. These included rating of perceived exertion (RPE) assessment (0 minutes after),
heart rate (0, 5, 10, and 15 minutes after), blood lactate concentration (1, 5, 10, and 15 minutes
after), and TMG (1, 5, 10, and 15 minutes after) measurements. Figure 7 contains the flowchart

of experimental protocol.

Anthropometric Measurements. Similar to the first data collection, body weight and
body height of participants were measured using digital column scale with integrated
stadiometer (Seca 769 and Seca 220; Seca Gmbh & Co. KG., Hamburg, Germany). Direct
multi-frequency bioelectrical impedance device (InBody 770; inBody co., Itd., Seoul, South
Korea) was used to measure body composition in fasted state (>2 hours). Additionally, leg
lengths were measured using measuring tape in supine lying position with extended and
adducted legs as the distance from anterior superior iliac spine to the medial malleolus for each
leg. Leg length discrepancy was then calculated by subtracting length of shorter leg from length
of longer leg.

Standardized Warm-Up. Warm-up consisted of two parts. The first part included
cycling on a stationary ergometer (duration = 5 minutes, resistance = 100 W, cadence = 60
rpm). The second part included 6 dynamic lower body stretching exercises (focused on hip

flexors, hip extensors, hip adductors, hip abductors, knee flexors, knee extensors, and ankle
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plantar flexors) performed unilaterally with 5 repetitions per side. Furthermore, each
participant performed 10 bodyweight squats, 5 forward lunges per side, 5 unilateral glute
bridges per side, 10 pogo jumps, 5 intermittent CMJs, and 3 continuous CMJs, in this order.

The warm-up was followed by 2 minutes of rest.

Figure 7. Experimental protocol — second data collection.
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IRM = back squat 1 repetition maximum test, AM = anthropometric measurements (body
height, body fat percentage, and leg lengths), BL = blood lactate concentration, BW = body
weight, CMJ = countermovement jump test, DJ = drop jump test, EP = experimental protocol
(50 repetitions with ROc, R0i, R4, RS, or R12), FAM = familiarization with EP and rating of
perceived exertion, HR = heart rate, LVP = back squat load-velocity profile, MS = muscle
soreness assessment, RPE = rating of perceived exertion, SJ = squat jump test, TMG =
tensiomyography of m. quadratus lateralis, WUl = bicycle ergometer warm-up, WU2 =

dynamic stretching and calisthenics warm-up.

Familiarization. Participants were familiarized with the experimental procedure during
the initial session. Familiarization was completed after standardized warm-up, but before
vertical jump test and consisted of 1-3 repetitions of squat jump, CMJ, and drop jump,
respectively. This timing of familiarization was chosen because testing setup for CMJ test was

identical to that used during the experimental protocol. Familiarization with setup for back
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squat LVP and 1RM tests was undertaken following the vertical jump testing. Finally,
familiarization with rating of perceived exertion using 0-10 OMNI-RES scale for adults
(Robertson et al., 2003) was performed following the back squat 1RM test concluding the
initial visit. The OMNI-RES scale for adults in paper form was provided for participants during

both familiarization and experimental sessions (Figure 6).

Vertical Jump Test. Maximal SJ, CMJ, and DJ in this order, for three repetitions each,
were performed to test the jumping ability of participants (Figure 8). Participants rested
approximately 15 seconds between repetitions within single jump variation and 1 minute
between jump variations. Jump height was measured by 2 linear position transducers
(GymAware Power Tool; Kinetic Performance Technologies, Canberra, Australia) attached to
a light wooden dowel (one on each side) held horizontally across the posterior shoulders behind
the base of the neck. linear position transducers were positioned on the ground, so the theaters
were in vertical position before initiating each jump. The results from both linear position
transducers were averaged to prevent any potential measurement errors caused by uneven or
rotational movements of the dowel. The used device captures changes of the string angle to
account for its horizontal movement; therefore, potential horizontal shifts or rotational
movements of the dowel would not influence the data. The highest of 3 repetitions was included
in the analysis. Participants were instructed to jump as high as possible on every repetition.
Participants were required to hold bottom position (knee angle <90 degrees) during the SJ for
at least 2 seconds (indicated by researchers) before initiating the upward movement. In case
any additional countermovement directly preceding upward motion was detected during the
SJ, the repetition was discarded. In case 2 or more repetitions of the SJ were not performed
correctly, additional repetition was performed. For the CMJ participants started in the upright
standing position and after being signaled by the researchers, performed countermovement
followed by the upward motion without any pause at the bottom of the countermovement. The
countermovement depth during the CMJ test was self-selected by each participant. The DJ was
performed after a step-off from a 32 cm high box using preferred leg. Participants were
instructed to contact the ground with both feet at the same time and to use countermovement
depth similar to that used during the preceding CM1J test. The stance width for all vertical jump

tests was self-selected by each participant to increase ecological validity.
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Figure 8. Testing setup — second data collection.
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CMJ = countermovement jump, DJ = drop jump, SJ = squat jump.

Load-Velocity Profile and IRM Back Squat Test. Participants performed warm-up
consisting of 5 repetitions of back squat with 20 kg barbell and followed by 1-2 optional warm-
up sets if required. Simultaneously these 5 to 15 warm-up repetitions served as familiarization
with the testing setup. Participants rested for 1 minute and then performed back squats with
increasing load with intention to achieve maximal concentric velocity with every load. Two
repetitions per load were performed for 20, 40 and 60 % of estimated back squat IRM, and 1
repetition for 80 and 90 % of estimated back squat 1RM. Each participant estimated his back
squat 1RM load based on their recent training history. Individual loads were separated by 3
minutes of passive rest. Squat depth and bar position were individualized based on each
participant's individual preference; however, they had to be kept consistent for each load and
knee angle at the bottom of the squat had to be smaller than 90 degrees. Participants were
allowed to self-select the eccentric tempo. Then they performed the concentric phase as fast as
possible without any pause at the bottom of the movement. Participants were not allowed to
jump at the end of the concentric phase. In case of any failed repetitions (i.e., due to loss of
balance, technical error, insufficient squat depth, or loss of ground contact at the end of the
concentric phase) one additional repetition was allowed after completing 3 minutes of rest.
After completing the load equal to 90 % of estimated back squat 1RM, each participant self-
selected further load increments until the true 1RM load was reached. The bar velocity was
measured using linear position transducers attached to each end of the barbell and the averaged

value was recorded to prevent any potential measurement errors caused by uneven movements

19



of the barbell. Repetition with faster mean concentric velocity was analyzed for loads with

multiple repetitions.

Heart Rate. A surface heart rate sensor strapped around a participant’s chest (Polar H10,
Polar Electro Oy, Kempele, Finland) was used to collect heart rate data. The baseline heart rate
was measured in supine lying position. Participants were lying quietly for 5 minutes. The
baseline heart rate was determined as an average heart rate during the last 3 minutes. Pre-
intervention value was reported as absolute value 1 second before the start of the experimental
intervention. heart rate was also recorded continuously during the whole intervention and
recovery period. The heart rate recorded during the experimental protocol is presented as an
average value for each grouping of 5 consecutive repetitions. The heart rate recorded during
the recovery period is presented as absolute values recorded at 0-, 5-, 10-, and 15-minute after

completing the experimental protocol.

Blood Lactate Concentration. The baseline blood lactate concentration was measured
in supine lying position immediately after the baseline heart rate measurement from a 0.3 pl
sample of capillary blood taken from a fingertip and analyzed using a portable device (Lactate
Pro2, ARKRAY Inc., Kyoto, Japan). Blood lactate concentration was measured again at 1- and

15-minutes after completing the experimental protocol.

Tensiomyography. Localized contractile properties of the dominant leg vastus lateralis
were measured using non-invasive tensiomyograph (TMG-BMC Ltd., Ljubljana, Slovenia)
which has been shown reliable and valid for this purpose (Macgregor et al., 2018). The
dominant leg was reported by each participant as their preferred jumping leg. Participants
assumed relaxed supine lying position with a knee angle of 150° (180° = full extension)
supported by the original platform from the device manufacturer. Then the position of the
stimulating electrodes and the tensiomyograph sensor were measured according to the
SENIAM guidelines for electromyography and marked for consistent placement in the
following experimental sessions. The sensor was placed at 2/3 on the line from the anterior
superior iliac spine to the lateral border of patella. The electrodes were placed 2 cm proximally
and 2 cm distally to the sensor in the direction of the vastus lateralis muscle fibers. The muscle
contractile properties were assessed using a digital sensor which measured the radial
displacement of muscle belly during a twitch contraction induced by a 1 millisecond
monophasic electrical impulse. The progressive stimulation of the muscle started at the

intensity of 30 mA and continued with 10 mA increments until no further changes of the time-
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displacement curve were registered. The baseline TMG measurement was performed
immediately after completing the first part of the warm-up and the procedure was repeated at
1-, 5-, 10- and 15-minutes after completing the experimental protocol. The measured variables
included: maximal amplitude of muscle belly displacement (TMG-Dm) and contraction time

(TMG-Tc, the time between 10% and 90% of TMG-Dm).

Rating of Perceived Exertion. Participants were asked to rate their perceived exertion
immediately after the last jump of the experimental protocol using visual analogue 0 (extremely
easy) to 10 (extremely hard) OMNI-RES scale for adults (Robertson et al., 2003). Figure 6
presents the OMNI-RES scale for adults used in this experiment.

Muscle Soreness. Participants provided a subjective rating of lower extremities muscle
soreness perceived while performing bodyweight squat. An eleven-point visual analogue scale
ranging from 0 (no pain) to 10 (worst pain possible) was used for this purpose (Figure 9). In

case of excessive level of perceived muscle soreness (>4), additional day of rest was provided.

Figure 9. Visual analogue scale used for rating of perceived muscle soreness.
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Experimental Protocol. The experimental protocol consisted of 50 CMJs performed
with the light wooden dowel held across the shoulders with attached linear position transducers
as described for the CMJ test above. Participants were instructed to perform all jumps with the
intention to reach the maximum possible jump height and concentric velocity. To do so, verbal
encouragement was provided by the researchers throughout the whole protocol. Participants
were allowed to use self-selected countermovement depth and stance width. No music was
played, and no female researchers were present during the experimental protocol to limit the
number of possible confounding factors. Additionally, all researchers were positioned behind
participants to ensure there was no motion in their line of sight during the intervention. The

Jumps were performed either continuously (ROc) or intermittently with 0 (RO01), 4 (R4), 8 (R8)
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and 12 (R12) seconds of inter-repetition rest in quasi-randomized counterbalanced order on
separate days. The order of the protocols was pre-determined and printed before the beginning
of the data collection. The participants were instructed to return to an upright standing position
as soon as they regained stability after the landing during the intermittent protocols. The start
of the inter-repetition rest period was defined as the moment when the participant's knees
reached full extension. The end of the rest period was indicated by an acoustic signal.
Information about the number of completed jumps was provided for the participants
continuously throughout the experimental protocol. Once the final jump was completed, one
researcher helped participants with transferring onto the nearby massaging table for post-
intervention measurements. Simultaneously, another researcher asked participants about their
momentarily RPE value. Countermovement depth (maximal vertical displacement below
upright standing position during take-off phase), maximal horizontal displacement (from
upright standing position in each direction during the whole repetition), mean concentric
velocity, peak concentric velocity, time to peak concentric velocity, mean eccentric velocity,
minimal eccentric velocity, and jump height (maximal vertical displacement above upright

standing position) were measured via linear position transducers.
5.3 Statistical analysis

5.3.1 First data collection

Data collected during the 30 repetitions of BJ and HJ were split into 5 groupings of 6
repetitions (G1-GS5) and mean values for each grouping of repetitions were compared for each
dependent variable. Furthermore, repetitions number 11, 12, and 13 from both BJ and HJ
conditions were averaged and compared to averaged values of CMJ test. The Quantile-Quantile
plots were used to test the data for normality of distribution. Mean and standard deviation (SD)
was calculated for all dependent variables. One-way (for RPE and CMJ vs. BJ vs. HJ
comparisons) and two-way (for exercise volume: G1, G2, G3, G4, G5 x condition: BJ vs. HJ)
repeated measures ANOVAs were performed to assess the data. A Greanhouse-Geisser
correction was used in the instances where the sphericity was not assumed. Post hoc pairwise
comparisons using Bonferroni correction were performed when appropriate. Significance level
for all tests was set at p < 0.05. Cohen’s f with two-sided 95 % confidence intervals were used
to calculate effect sizes for ANOVA. Cohen’s d effect size with two-sided 95 % confidence
intervals was used for post hoc pairwise comparison when appropriate. The Cohen’s f effect

size results are interpreted as negligible (< 0.10), small (0.10 to 0.24), moderate (0.25 to 0.39),
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and large (> 0.40) (Cohen, 1988); and Cohen’s d effect sizes are interpreted as trivial (< 0.20),
small (0.20 to 0.49), moderate (0.50 to 0.79), and large (> 0.80) (Cohen, 1988). The one-way
consistency single score intra-day intraclass correlation coefficients with 95 % confidence
intervals were calculated for CMJ, BJ, and HJ jump types; these will be interpreted as poor (<
0.50), moderate (0.50 to 0.74), good (0.75 to 0.90), and excellent (> 0.90) reliability (Koo &
Li, 2016). Lastly, Pearson's product moment correlation coefficient (r) was used to test for
association between anthropometric characteristics (body height, body weight, body fat
percentage, leg length, upper leg length, and lower leg length) and variables measured during
the three jump types (countermovement depth, IF-vertical, IF-resultant, jump height, mean
concentric velocity, peak concentric velocity, time to peak concentric velocity, peak concentric
power, time to peak concentric power, PF-horizontal, PF-vertical, PF-resultant, RFD, and total
impulsion time). Spearman's rank correlation coefficient (rs) was used in case of non-normal
data distribution (Field et al., 2012). For the purposes of correlation analysis, PF-horizontal,
PF-vertical, PF-resultant, IF-vertical, and IF-resultant values were converted to values relative
to participant’s body weight and leg length, upper leg length, and lower leg length were
converted to percentage of participant’s body height. The results of correlation analysis will be
interpreted as negligible (—0.09 to 0.09), weak (—0.39 to —0.10 and 0.10 to 0.39), moderate
(—0.69 to —0.40 and 0.40 to 0.69), strong (—0.89 to —0.70 and 0.70 to 0.89), and very strong
(—1.00 to —0.90 and 0.90 to 1.00) correlation (Schober et al., 2018). RStudio 2023.06.1+524
(Integrated Development Environment for R; RStudio, PBC, Boston, MA, USA) was used to

perform all statistical analyses.

5.3.2 Second data collection

The variables measured across the 50 jump repetitions are analyzed and reported as
mean values for 10 groups of 5 consecutive CMJ repetitions (G1-G10). G1 for mean and
minimal eccentric velocity in ROc protocol were calculated as average of second to fifth
repetition to prevent distortion resulting from slower countermovement of the initial jump.
Normality of distribution was assessed via Quantile-Quantile plot. 5 (protocol) x 10 (exercise
volume) two-way repeated measures ANOVA was used for countermovement depth, mean
concentric velocity, peak concentric velocity, mean eccentric velocity, minimal eccentric
velocity, horizontal displacement, jump height, and time to peak concentric velocity.
Furthermore, heart rate was analyzed by 5 (protocol) x 16 (time), blood lactate concentration
by 5 (protocol) x 3 (time), and TMG-Dm and TMG-Tc by 5 (protocol) x 5 (time) two-way

repeated measures ANOVA. Greenhouse-Geisser correction was used for analyses where
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sphericity assumption was not met. One-way ANOVA was used to analyze differences in
bodyweight, muscle soreness, RPE, and protocol durations between experimental protocols.
Partial eta-squared (n,%) effect size was calculated and interpreted according to the criteria
suggested by Cohen as trivial (< 0.01), small (0.01 to 0.05), moderate (0.06 to 0.13), and large
(> 0.14) (Cohen, 1988). Pairwise comparisons using Bonferroni post hoc corrections were
performed when appropriate, alongside with calculating paired Hedge’s g effect sizes which
were interpreted as trivial (< 0.20), small (0.20 to 0.49), moderate (0.50 to 0.79), large (> 0.80)
using Cohen’s criteria (Cohen, 1988). Finally, relationship between effects of continuous 50
CMJs and anthropometric characteristics (body height, body weight, body fat, leg length, leg
length discrepancy), training experience, as well as performance characteristics (absolute and
relative lower body strength, slope of load-velocity profile, jumping performance, and amount
of stretch-shortening cycle potentiation during vertical jumps). Initially, we performed pairwise
correlation tests to identify significant relationships in the entire sample using the same
approach as described for the first data collection above. This was followed by subgroup
analysis, where the sample was split into multiple subgroups based on the performance
characteristics listed above. Each subgroup included 6 participants of either top or bottom
performing individuals. Two participants with median values for each parameter were not
included in the analysis. Statistical power was calculated via post hoc independent means
difference for each dependent parameter across all subgroups using G*Power 3.1
(RRID:SCR 013726; G-Power, Brunsbiittel, Germany). Independent samples t-test and
Hedge’s g effect size were used to analyze differences between subgroups as well as changes
in dependent variables in response to 50 continuous CMJs. Significance level for all tests was
set at p < 0.05. Results are reported as mean £ SD. Due to the large number of comparisons,
only the most important significant interactions, particular p values, and effect sizes are
described in the text. The statistical analysis was performed using RStudio 2023.06.1+524
(Integrated Development Environment for R; RStudio, PBC, Boston, MA, USA).

6 Results
6.1 Take-off and landing parameters

Most of the variables have shown moderate to good reliability, except for excellent
reliability for countermovement depth during all three jump types, and excellent reliability for

PF-resultant, PF-vertical, and RFD during BJ (Figure 10). A total of 5 trials had to be discarded
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and repeated (3 CMIJs, 1 HJ, and 1 BJ) due to an extensive dowel movement (4 trials) or missing

the force platform upon landing (1 trial).

There were non-significant small to moderate effects of jump type on mean concentric
velocity (F238=0.93, p=0.403, f=10.22 [0.00 to 0.50]), peak concentric velocity (F233=2.724,
p = 0.078, f = 0.38 [0.00 to 0.68]), PF-resultant (F23s = 1.873, p = 0.168, £ = 0.31 [0.00 to
0.61]), PF-vertical (F2358 = 1.356, p = 0.27, £ = 0.27 [0.00 to 0.55]), RFD (F238 = 0.731, p =
0.488, £=0.20 [0.00 to 0.47]), and total impulsion time (F233 =2.883, p=0.068, f=10.39 [0.00
to 0.69]). On the other hand, jump type has shown to have significant large effects on
countermovement depth (F1.462767=5.871, p=0.013, £=0.56 [0.17 to 0.88]), peak concentric
power (F238 = 8.456, p <0.001 , f=0.67 [0.28 to 1.00]), time to peak concentric power (F23s
=7.75,p=0.002, f=0.64 [0.25 to 0.97]), time to peak concentric velocity (Fi.52,288 = 12.362,
p <0.001, £=0.81[0.41 to 1.16]), PF-horizontal (F23s = 184.966, p <0.001, f=3.12 [2.34 to
3.88]), jump height (F235 = 54.35, p < 0.001, £ = 1.69 [1.18 to 2.17]), IF-resultant (F2;33 =
72.924, p <0.001, f=1.96 [1.40 to 2.49]), and IF-vertical (F233 = 70.688, p < 0.001, f=1.93
[1.38 to 2.45]). Means + SDs for all dependent variables and results of post hoc tests where

warranted are presented in Figures 13-16.

Figure 10. Intraclass correlation coefficients with 95 % confidence intervals for all dependent

variables and jump types.
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Figure 11. Mean + SD and results of post hoc tests for A) peak horizontal take-off force, B)
peak vertical take-off force, and C) peak resultant take-off force, and D) average take-off rate

of force development.
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Figure 12. Mean + SD and results of post hoc tests for A) peak concentric velocity, B) time to

peak concentric velocity, C) peak concentric power, and D) time to peak concentric power.
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Figure 13. Mean + SD and results of post hoc tests for A) countermovement depth, B) total

impulsion time, C) mean concentric velocity, and D) jump height.
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Figure 14. Mean + SD and results of post hoc tests for A) peak vertical landing force and B)

peak resultant landing force.
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6.2 Magnitude of landing forces

Tables 3 and 4 provide means and standard deviations for all dependent variables
measured across 30 repetitions of BJ and HJ conditions. Table 13 summarizes ANOVA and
effect size results. The results show no significant condition X exercise volume interaction for
all dependent variables. However, there was significant large effect of condition for IF-vertical,
jump height, mean concentric velocity, and peak concentric velocity (Table 5). Additionally,
there was a significant large effect of exercise volume for mean concentric velocity, peak
concentric velocity, countermovement depth, RFD, PF-vertical, and peak concentric power
(Table 5). No significant effect of condition or exercise volume was observed for time to peak
concentric velocity and time to peak concentric power. Post hoc pairwise comparison revealed
that mean concentric velocity, peak concentric velocity, countermovement depth, RFD, PF-
vertical, and peak concentric power were significantly lower during G1 compared to most of
the following repetition groups (Tables 3 and 4). Reported RPE values (BJ =4.55 + 1.23, HJ
=4.60 = 1.19) did not differ between the experimental conditions (Fi,19 = 0.03, p = 0.87, f =
0.04 [0.00 to 0.27]).
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Table 3. Mean + standard deviation and post hoc pairwise comparison of linear position

transducer data across 30 box and hurdle jumps.

G1 G2 G3 G4 G5 Total
BJ 0.500 + 0.518+ 0.526 = 0.523 + 0.533 + 0.520 +
0.096 0.103 0.101 0.102 0.096 0.100
CMD HJ 0.475 + 0.498 + 0.497 + 0.499 + 0.509 + 0.496 +
(m) 0.108 0.102 0.114 0.119 0.122 0.113
Total 0.488 + 0.508 + 0.512+ 0.511+ 0.521 + B
0.103 0.103 * 0.109 * 0.111 0.110 *
BJ 2212+ 2.282+ 2.308 £ 2311+ 2332+ 2280+
0.217 0.222 0.205 0.221 0.216 0.220
MCV HI 2.151 + 2.254 + 2.247 + 2.268 2.261 + 2236+
(m-s1) 0.239 0.209 0.198 0.188 0.191 0.210
Total 2.182 + 2.268 + 2278 + 2.289+ 2.296 + 3
0.230 0.216 * 0.203 * 0.206 * 0.207 *
BJ 3.561 + 3.661 = 3.696 = 3.697 £ 3.710 £ 3.665
0.380 0.391 0.369 0.397 0.410 0.392
PCV HI 3441 + 3.601 = 3.643 + 3.610 3.625 % 3.584 +
(m-s1) 0.420 0.347 0.369 0.353 0.363 0.377
Total 3.501 + 3.631 % 3.670 = 3.654 3.667 + 3
0.404 0.371 * 0.369 * 0.377 * 0.388 *
BJ 0.214 + 0.209 + 0211+ 0211+ 0.209 + 0211+
0.035 0.039 0.041 0.040 0.041 0.039
TTPCV HJ 0.207 + 0.207 + 0.207 + 0.205 + 0.210 + 0.207 £
(s) 0.033 0.036 0.038 0.039 0.043 0.038
Total 0211+ 0.208 + 0.209 + 0.208 + 0.210 +
0.034 0.037 0.040 0.040 0.042
BJ 6394.4 + 6748.7 6920.7 + 7013.7 + 69389 + 6803.3 +
1377.4 1271.9 1461.4 1720.5 1710.3 1530.1
PCP HJ 6112.0 + 65373 + 6743.7 + 6668.7 £ 6799.9 + 65723 +
W) 1504.3 1333.8 15343 1447.0 1643.5 1511.3
Total 62532+ 6643.0 = 6832.2 + 6841.2 + 6869.4 + B
1446.1 1304.8 * 1497.8 * 1595.7 * 16752 *
BJ 0.154 0.148 = 0.150 = 0.151 + 0.145 + 0.150 =
0.050 0.053 0.053 0.051 0.051 0.052
TTPCP HI 0.146 = 0.147 = 0.149 = 0.144 + 0.156 = 0.149 =
(s) 0.042 0.043 0.046 0.053 0.053 0.048
Total 0.150 = 0.147 = 0.150 = 0.148 = 0.151 + 3
0.047 0.048 0.049 0.052 0.052
BJ 0.390 = 0.404 = 0.403 = 0.401 = 0.402 = 0.400 =
0.079 0.076 0.080 0.081 0.082 0.079
JH HJ 0.361 0372 + 0377+ 0375+ 0379 + 0373 £
(m) 0.071 0.071 0.079 0.085 0.091 0.080 1
Total 0375+ 0.388 0.390 + 0.388 + 0.390 £
0.076 0.075 0.080 0.084 0.087

BJ = box jump, CMD = countermovement depth, GI-G5 = repetition groups, HJ = hurdle
jump, JH = jump height, MCV = mean concentric velocity, PCP = peak concentric power,
PCV = peak concentric velocity, TTPCP = time to peak concentric power, TTPCV = time to
peak concentric velocity, * = significantly different (p < 0.05) than G1, 1 = significantly
different (p < 0.05) than BJ.
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Table 4. Mean + standard deviation and post hoc pairwise comparison of force platform data

across 30 box and hurdle jumps.

Gl G2 G3 G4 G5 Total
BJ 2001.6 + 2068.0 + 2089.3 + 2115.6 + 2092.1 + 20733 +
293.5 320.7 335.6 365.6 333.4 331.8
PF-v HJ 20319+ 2057.8 + 2079.2 + 2074.8 + 2070.7 + 2062.9 +
™) 284.1 271.9 310.2 308.8 315.4 298.0
Total 2016.8 = 2062.9 + 2084.3 + 2095.2 + 2081.4 + B
288.6 296.7 * 322.5 % 338.3 * 324.0
BJ 53735+ 6544.0 £ 69232 + 7043.5 7050.6 = 6587.0 =
2498.7 2687.5 2841.5 32054 2763.5 2872.5
RFD HJ 5375.6 £ 6284.2 6604.0 + 67279+ 6752.6 = 6348.9 =
(N-sh 1908.9 1802.7 2150.0 2215.8 2555.1 2196.7
Total 5374.6 £ 6414.1 £ 6763.6 £ 6885.7 + 6901.6 + 3
2218.8 2293.0 * 25194 * 2754.1 * 2660.0 *
BJ 2206.6 = 21059+ 2191.6 £ 2146.4 £ 22003 £ 2170.1 £
774.9 676.5 646.4 688.7 675.6 692.5
IF-v HJ 41144 + 4017.3 4115.1 £ 41125+ 42889 + 4129.6 £
o) 1079.0 907.5 1007.2 835.7 1050.1 980.8 §
Total 3160.5 £ 3061.6 £ 31533+ 31294 + 32446 +
1338.8 1247.0 1281.4 1246.7 1368.0

BJ = box jump, GI-G5 = repetition groups, IF-v = peak vertical landing force, HJ = hurdle
Jjump, PF-v = peak vertical take-off force, RFD = average take-off rate of force development,
* = significantly different (p < 0.05) than G1, 1 = significantly different (p < 0.05) than BJ.
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Table 5. ANOVA and effect size results for dependent variables across 30 box and hurdle

jumps.
Condition Brercse Volume (O on
Effect Effect Effect

p-value  f[95%CI]  p-value f[95%CI]  p-value  f[95% CI]
CMD oate 08 oos 05U osm 008
PF-y 0650 M 003 04T on 033
RFD 0434 08 <ot 998 o708 OB
MCV 0030 oY <ooor 00 oss 2
PCV 0023 057 <0001 070 oes 0T
TTPCV 0420 P 0188 O, osse o1
PCP 0.151 [0'08}24(‘)‘30] <0.001 [0,42';%)‘95] 0.785 [0.0(()).&1)%).23]
TTPCP 0.849 [0.0(()) .tg‘(‘)‘44] 0.831 [o.og .tcl)‘(‘)‘Z()] 0.163 [0.0(()) }g }).49]
JH o015 061 ome 036 oz OML
IF-y <0001 €T o2as O oees 006

RPE 0.867 [0.0(()) .tg‘(‘).27] - ; B -

CMD = countermovement depth, IF-v = peak vertical landing force, JH = jump height, MCV
= mean concentric velocity, PCP = peak concentric power, PCV = peak concentric velocity,
PF-v = peak vertical take-off force, RFD = average take-off rate of force development, TTPCP
= time to peak concentric power, TTPCV = time to peak concentric velocity, RPE = rating of
perceived exertion, p-value = probability value resulting from ANOVA test, f [95% CI] =
Cohen'’s f effect size for ANOVA test with two-sided 95% confidence interval.
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6.3 Inter-repetition rest duration

6.3.1 Baseline levels

No significant differences between experimental protocols were observed for muscle
soreness (Fa52=0.609, p=0.658, n,> = 0.018), heart rate (F4,52 = 0.137, p = 0.968, n,> = 0.004),
blood lactate concentration (Fas2 = 0.842, p = 0.505, 1p> = 0.048), TMG-Dm (F2.072692 = 0.81,
p = 0.459, GGe = 0.518, p> = 0.011), and TMG-Tc (F452 = 1.583, p = 0.193, > = 0.015) at
baseline. Results of ANOVA suggested that participants’ body weight differed significantly
between experimental protocols (Fas2 = 2.961, p = 0.028, n,> < 0.001), however, post hoc
analysis did not confirm this (all comparisons p > 0.05). On the other hand, heart rate differed
significantly between protocols immediately preceding the first jump (Fa,52 = 6.356, p <0.001,
Np> = 0.123). Specifically, there was significant moderate to large elevation of heart rate in ROc
and ROi compared to R4 (p < 0.01, g > 0.77 [0.35 to 1.22]) and in ROi compared to R8 (p <
0.05, g = 0.63 [0.25 to 1.02]). Moderate but non-significant elevation of heart rate was also
observed in ROc compared to R8 and R12 as well as in ROi compared to R12 (p > 0.05, g >
0.57 [-0.02 to 1.16]).

6.3.2 Displacement

Jump height was significantly strongly affected by protocol (Fs, 48 = 137.754, p <0.001,
Np> = 0.749), exercise volume (F131, 1575 = 61.795, p < 0.001, GGe = 0.146, np> = 0.312), and
protocol x exercise volume interaction (F3e, 432 = 47.85, p < 0.001, 0> = 0.323). Jump height
during ROc and RO1i protocols were significantly lower than the rest of the protocols from G1
and G2 onwards, respectively (g > 1.17 [0.83 to 1.52]), but with no significant difference in
jump height between ROc and RO1 at any point in time (g from 0.03 [-0.47 to 0.54] to 0.60 [0.10
to 1.10]). Jump height during ROi1 decreased significantly below G1 as soon as at G2 (g = 0.62
[0.43 to 0.80]); on the other hand, jump height during ROc fell significantly below G1 first at
G5 (g =1.54 [0.79 to 2.29]). Three different phases could be identified by looking at the ROc
and ROi curves in Figure 19. From G1 to G4, there was a slightly steeper decrease of jump
height in ROi compared to ROc (g = 1.96 [0.98 to 2.94] and 1.06 [0.45 to 1.68], respectively).
Followed by similar jump height slopes from G4 to G7 in R0i and ROc (g =1.43 [0.90 to 1.96]
and 1.34 [0.89 to 1.79], respectively). Ending by flattened ROi curve and continuous steady
decrease for ROc past G7 (g = 0.58 [0.28 to 0.89] 1.28 [0.90 to 1.66], respectively).
Furthermore, there was no significant jump height decrease in R4, R8, and R12 protocols at
any time point during the intervention. Post hoc analysis of protocol main effect showed jump

heights to be significantly lower for R4 compared to R8 and R12 (g = 0.72 [0.57 to 0.88] and
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0.75[0.58 to 0.92], respectively), and non-significant trivial difference between R8 and R12 (g
= 0.06 [-0.05 to 0.16]). Mean + standard deviation values for jump height are presented in
Figure 15.

Figure 15. Mean + SD of jump height across 50 CMJs.
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G1-G10 = repetition groups, ROc = no inter-repetition rest continuously, ROi = no inter-
repetition rest intermittently, R4 = 4 seconds inter-repetition rest, R§ = 8 seconds inter-

repetition rest, R12 = 12 seconds inter-repetition rest.

Maximal horizontal displacement showed non-significant trivial effect of exercise
volume (F2.14,25.65 = 0.585, p = 0.575, GGe = 0.238, 1> = 0.004), significant moderate effect
of protocol (F4,4s = 5.733, p < 0.001, np> = 0.085), and significant small effect of protocol x
exercise volume interaction (Fe, 432 = 1.796, p < 0.01, np> = 0.022). Post hoc analysis of
protocol’s main effect showed significantly greater horizontal displacement for R8 compared
to all other protocols (g from 0.37 [0.24 to 0.52] to 0.86 [0.65 to 1.06]). Furthermore, R4 and
R12 resulted in significantly greater horizontal displacement compared to ROc and ROi (g from
0.44 [0.26 to 0.61] to 0.53 [0.33 to 0.74]). Post hoc analysis of protocol x exercise volume
interaction showed no significant differences. Mean + standard deviation values for maximal

horizontal displacement are presented in Figure 16.
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Figure 16. Mean + SD of maximal horizontal displacement across 50 CMJs.
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GI1-G10 = repetition groups, ROc = no inter-repetition rest continuously, ROi = no inter-
repetition rest intermittently, R4 = 4 seconds inter-repetition rest, R§ = 8 seconds inter-

repetition rest, R12 = 12 seconds inter-repetition rest.

There was no significant main effect of protocol (F4 45 = 0.823, p=0.517, n,*> = 0.018)
or exercise volume (Fios 23235 = 1.847, p = 0.068, GGe = 0.215, ny> = 0.007) for
countermovement depth. Small significant effect was shown for protocol x exercise volume
interaction (F36, 432 = 2.875, p < 0.001, n,*> = 0.018); however, no significant differences were
identified by post hoc analysis. Mean + standard deviation values for countermovement depth

are presented in Figure 17.

6.3.3 Velocity

Mean concentric velocity resulted in significant large effect of protocol (Fa, 48 = 57.855,
p <0.001, np> = 0.443) and significant moderate effects of exercise volume (F1.26, 15.1 = 18.96,
p <0.001, GGe = 0.14, 0> = 0.099) as well as protocol x exercise volume interaction (F3¢, 432
=18.501,p <0.001, n,>=0.121). There was no significant decrease in mean concentric velocity
within R4, R8, and R12 protocols throughout the intervention and there was no significant
difference between these protocols. ROi was the only protocol during which, mean concentric
velocity decreased significantly compared to G1 value, first at G9 (g = 2.15 [0.89 to 3.40]).
Interestingly, this was in ROi preceded by significantly decreased mean concentric velocity at
G8 compared to G2 (g =1.68 [0.82 to 2.56]). Decrease of mean concentric velocity in ROc did

not reach statistical significance in spite of the large effect between G1 and G10 repetition
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groups (g=1.81[0.63 to 2.98]). Mean + standard deviation values for mean concentric velocity

are presented in Figure 18.

Figure 17. Mean + SD of countermovement depth across 50 CMJs.
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GI1-G10 = repetition groups, ROc = no inter-repetition rest continuously, ROi = no inter-
repetition rest intermittently, R4 = 4 seconds inter-repetition rest, R§ = 8 seconds inter-

repetition rest, R12 = 12 seconds inter-repetition rest.

Figure 18. Mean + SD of mean concentric velocity across 50 CMJs.
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GI1-G10 = repetition groups, ROc = no inter-repetition rest continuously, ROi = no inter-
repetition rest intermittently, R4 = 4 seconds inter-repetition rest, R§ = 8 seconds inter-

repetition rest, R12 = 12 seconds inter-repetition rest.
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There were significant large effects of protocol (Fa, 45 = 98.458, p < 0.001, n,*> = 0.62),
exercise volume (F13s, 1661 = 38.169, p < 0.001, GGe = 0.154, n,*> = 0.186), and protocol x
exercise volume interaction (Fsg, 432 = 27.345, p < 0.001, n,> = 0.205) for peak concentric
velocity. Post hoc analysis indicated that there was no significant difference between any two
values within or between R4, R8, and R12 protocols. Similarly, there was no significant
difference between ROc and ROi protocols at any repetition group. Decrease of peak concentric
velocity below G1 reached statistical significance at G3 for R0Oi (g = 0.85 [0.53 to 1.17]) and
at G6 for ROc (g =1.17 [0.66 to 1.68]). The effect of exercise volume resembled jump height
— initial faster decrease of peak concentric velocity from G1 to G3 in ROi compared to ROc (g
=0.8510.53 to 1.17] and 0.33 [0.11 to 0.55], respectively), followed by comparable rate of
decrease from G3 to G8 between R0Oi and ROc (g =1.97 [1.00 to 2.95] and 1.31 [0.69 to 1.93],
respectively), beyond which decrease of peak concentric velocity plateaued for R0i (g = 0.18
[-0.12 to 0.48]) but accelerated for ROc (g = 0.75 [0.47 to 1.03]). Mean + standard deviation

values for peak concentric velocity are presented in Figure 19.

Figure 19. Mean = SD of peak concentric velocity across 50 CMJs.
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GI1-G10 = repetition groups, ROc = no inter-repetition rest continuously, R0Oi = no inter-
repetition rest intermittently, R4 = 4 seconds inter-repetition rest, R§ = 8 seconds inter-

repetition rest, R12 = 12 seconds inter-repetition rest.

Significant strong effect of protocol (F2.25,27.0s = 17.211, p < 0.001, GGe = 0.564, n,* =
0.251) and significant moderate effects of exercise volume (Fi 36,1634 = 15.598, p <0.001, GGe
=0.151, np> = 0.074) as well as protocol x exercise volume interaction (F36, 432 = 8.507, p <

0.001, np? = 0.088) were seen for time to peak concentric velocity. Only ROi increased
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significantly above its G1 value during the intervention; however, only at G5 (g = 1.26 [0.74
to 1.77]), G7 (g =1.34 [0.78 to 1.90]), and G10 (g = 1.43 [0.76 to 2.10]). Significant between
protocol differences of time to peak concentric velocity within individual repetition groups of
the intervention were seen only for ROi which was greater than R4 at G5 and G7 (both g > 1.45
[0.77 to 2.14]), greater than R8 from G3 to G10 except G6 (all g > 0.93 [0.65 to 1.24]), and
greater than R12 at G4, G5, G7, and G10 (g > 1.50 [0.86 to 2.15]). There were no significant
differences of protocol x exercise volume interaction between ROc and the rest of the
experimental protocols, most likely due to high inter-individual variability in ROc.
Furthermore, there was no significant difference between R4, R8, and R12 at any repetition
group. Mean + standard deviation values for time to peak concentric velocity are presented in

Figure 20.

Figure 20. Mean + SD of time to peak concentric velocity across 50 CMIJs.
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G1-G10 = repetition groups, ROc = no inter-repetition rest continuously, R0Oi = no inter-
repetition rest intermittently, R4 = 4 seconds inter-repetition rest, R§ = 8 seconds inter-

repetition rest, R12 = 12 seconds inter-repetition rest.

Mean eccentric velocity was not significantly affected by exercise volume (F3.06,36.74 =
1.204, p = 0.322, GGe = 0.34, n,*> = 0.001), but protocol (Fi.ss, 1550 = 24.346, p < 0.001, GGe
= 0.387, np? = 0.379) and protocol x exercise volume interaction (F36, 432 = 2.273, p < 0.001,
Np> = 0.015) resulted in significant large and small effects, respectively. Neither experimental
protocol showed any significant changes throughout the intervention. Additionally, there were
no significant differences between intermittent experimental protocols (ROi, R4, R8, and R12)

at any single repetition group during the intervention. However, ROc was significantly faster
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than ROi at every repetition group (g > 2.71 [1.02 to 4.41]), faster than R4 at G1-G8 except G2
and G6 (g > 2.03 [0.82 to 3.23]), faster than R8 at G1-G6 (g > 1.97 [0.86 to 3.08]), and faster
than R12 at G3-G5 (g > 1.91 [0.83 to 3.00]). Mean + standard deviation values for mean

eccentric velocity are presented in Figure 21.

Figure 21. Mean + SD of mean eccentric velocity across 50 CMJs.
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GI1-G10 = repetition groups, ROc = no inter-repetition rest continuously, ROi = no inter-
repetition rest intermittently, R4 = 4 seconds inter-repetition rest, R§ = 8 seconds inter-

repetition rest, R12 = 12 seconds inter-repetition rest.

There was a significant large effect of protocol (Fa,4s = 28.357, p < 0.001, 1> = 0.404)
as well as significant moderate effects of exercise volume (F2.14,25.67 = 16.683, p < 0.001, GGe
=0.238, N> = 0.099) and protocol x exercise volume interaction (F3e, 432 = 11.935, p < 0.001,
np> = 0.126) for minimal eccentric velocity. Post hoc analysis showed no significant differences
compared to G1 within individual experimental protocols throughout the intervention.
Although, there was non-significant large effect for slowing minimal eccentric velocity in ROc
and ROi protocols from G1to G10 (g=1.96[0.49 to 3.43] and 2.26 [0.62 to 3.89], respectively).
Furthermore, ROc protocol was significantly faster than ROi protocol at every repetition group
(g>1.58 [0.81 to 2.35]) and R4 protocol was significantly faster than ROi at G8 and G9 (g >
2.19 [1.05 to 3.33]). Mean + standard deviation values for minimal eccentric velocity are

presented in Figure 22.
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Figure 22. Mean + SD of minimal eccentric velocity across 50 CMJs.
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GI1-G10 = repetition groups, ROc = no inter-repetition rest continuously, ROi = no inter-
repetition rest intermittently, R4 = 4 seconds inter-repetition rest, R§ = 8 seconds inter-

repetition rest, R12 = 12 seconds inter-repetition rest.

6.3.4 Heart rate

There were significant strong effects of protocol (F2.33,3027 = 32.237, p <0.001, GGe =
0.582, np* = 0.286) and time (Fs, 195 = 755.89, p < 0.001, np* = 0.823) and significant moderate
effect of protocol x time interaction (Feo, 780 = 17.792, p < 0.001, ny*> = 0.115) for heart rate.
Post-hoc analysis showed that heart rate in all experimental protocols increased significantly
above their respective PRE value. This happened already at G1 during R4 (g = 0.84 [0.62 to
1.06]), R8 (g =10.4210.34 to 0.50]), and R12 (g = 0.54 [0.41 to 0.68]) and at G2 during ROc (g
= 0.68 [0.53 to 0.82]) and RO1 (g = 1.26 [0.75 to 1.78]). Heart rate subsequently reached its
peak and did not further significantly increase from G6 during R4 and R12 (161.3 + 14.4 and
135.5 + 22.8 bpm, respectively), G7 during ROi and R8 (175.2 + 9.7 and 149.9 + 16.0 bpm,
respectively), and G8 during ROc (173.8 £ 14.2 bpm). These peak heart rate values differed
significantly between protocols — R12 was lower than R4 (g = 1.01 [0.42 to 1.60]), ROi (g =
2.07 [0.72 to 3.43]), and ROc (g = 1.82 [0.62 to 3.03]); also, R8 was lower than ROi (g = 1.64
[0.97 to 2.31]). During the post-intervention recovery period, heart rate returned to resting level
fastest after R12 protocol, already at 5-minutes post-intervention. Heart rate after R8 and R4
protocols returned to resting levels at 10-minutes post-intervention, but heart rate remained

significantly elevated above resting levels even 15 minutes after ROc and ROi protocols (g =
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2.41[1.36t0 3.46] and 2.10 [1.30 to 2.89], respectively). Mean + standard deviation values for

heart rate are presented in Figure 23.

Figure 23. Mean + SD of heart rate across 50 CMJs.
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GI1-G10 = repetition groups, Post 0—15 = measurement 0—15 min. after the last jump, Pre =
measurement I second before the first jump, ROc = no inter-repetition rest continuously, R0i
= no inter-repetition rest intermittently, R4 = 4 seconds inter-repetition rest, R§ = 8 seconds

inter-repetition rest, R12 = 12 seconds inter-repetition rest, Rest = resting value.

6.3.5 Blood lactate concentration

Analysis of blood lactate concentrations showed significant large effects for protocol
(Fas2 = 123.898, p < 0.001, np? = 0.661), time (F226 = 106.205, p < 0.001, 1> = 0.565) and
protocol x time interaction (F3.01,39.16 = 39.16, p < 0.001, GGe = 0.377, n,*> = 0.512). Blood
lactate concentrations after completing the ROc and RO1 protocols were significantly elevated
compared to resting levels at 1- (g =5.09 [2.25 to 7.93] and 4.00 [1.68 to 6.31], respectively)
and 15-minutes (g = 3.91 [1.59 to 6.23] and 4.05 [1.75 to 6.34], respectively). Additionally,
blood lactate concentration was significantly elevated above resting levels at 1 minute after
completing R4 protocol (g = 1.06 [0.57 to 1.54]), but then returned to baseline level at 15
minutes after the protocol. No significant changes in blood lactate concentration compared to
resting values were observed after R§ and R12 protocols. Mean + standard deviation values for

blood lactate concentration are presented in Figure 24.
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Figure 24. Mean + SD of blood lactate concentration across 50 CMJs.
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Post 1 = measurement 1 min. after the last jump, Post 15 = measurement 15 min. after the last
jump, ROc = no inter-repetition rest continuously, ROi = no inter-repetition rest intermittently,
R4 = 4 seconds inter-repetition rest, R§ = 8§ seconds inter-repetition rest, R12 = 12 seconds

inter-repetition rest, Rest = resting value.

6.3.6 Tensiomyography

TMG-Dm showed small effect of time (F2.36,28.27 = 4.559, p=0.015, GGe = 0.589, ,> = 0.012),
moderate effect of protocol (F2.29, 2745 = 4.06, p = 0.024, GGe = 0.572, 1> = 0.066), and small
effect of protocol x time interaction (Fi6, 192 = 5.035, p < 0.001, 1> = 0.042), all of which were

statistically significant. The most notable results of post-hoc analysis were non-significant
large reductions of TMG-Dm at 1 minute after ROc (g =0.96 [0.38 to 1.53]) and R0i (g =0.90
[0.33 to 1.46]). In contrast, R8 resulted in a non-significant small increase of TMG-Dm 1
minute after the protocol (g =0.25[0.15 to 0.64]). Mean + standard deviation values for TMG-

Dm are presented in Figure 25A.

There were significant small effects of time (F23,27.61 = 18.808, p <0.001, GGe =0.575,
np> = 0.036) and protocol x time interaction (Fi6, 192 = 5.234, p < 0.001, 1> = 0.026) for TMG-
Tc and non-significant trivial effect of protocol (Fa,4s = 0.438, p = 0.78, n,> = 0.003). TMG-Tc
was significantly reduced 1 minute after completing R4 (g = 0.77 [0.58 to 0.95]) and R8 (g =
0.54 [0.34 to 0.75]) protocols compared to pre-intervention levels and recovered before 5%
minute post-intervention. Also, R0i and R12 protocols resulted in lowest mean TMG-Tc at 1-

minute post-intervention (g = 0.51 [0.03 to 1.05] and 0.67 [0.13 to 1.21], respectively), but
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neither did reach significance during the recovery period. TMG-Tc after ROc was significantly
decreased only at 5-minute mark (g = 0.55 [0.34 to 0.76]) and recovered by 10th minute post-

intervention. Mean =+ standard deviation values for TMG-Tc are presented in Figure 25B.

Figure 25. Mean + SD of TMG-Dm (A) and TMG-Tc (B) across 50 CMIs.
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Post 1-15 = measurement 1—15 min. after the last jump, ROc = no inter-repetition rest
continuously, R0Oi = no inter-repetition rest intermittently, R4 = 4 seconds inter-repetition rest,
R8 = 8 seconds inter-repetition rest, R12 = 12 seconds inter-repetition rest, Rest = resting

value.

6.3.7 Rating of perceived exertion

Significant large effect was seen for RPE between the experimental protocols (F4,520 =
84.537,p <0.001, ny*> = 0.753). Post hoc analysis showed significant large effects (p < 0.05, g
> 1.00 [0.39 to 1.61]) for decreased RPE values as a result of increasing rest durations. No
significant differences were seen between ROc and ROi (g = 0.06 [-0.27 to 0.39]) and RS
compared to R12 (g = 0.90 [0.22 to 1.58]). Mean + standard deviation values for RPE are

presented in Figure 26.
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Figure 26. Mean + SD of RPE immediately after 50 CMJs.
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repetition rest.

6.3.8 Experimental protocol duration

There was significant difference in the time needed to complete individual experimental
protocols (F1.9425.17=2815.399, p <0.001, GGe = 0.484, > = 0.992). Specifically, ROc = 1.07
+ 0.11 min, RO1 =2.21 £ 0.19 min, R4 = 4.98 + 0.39 min, R8 = 8.30 + 0.44 min, and R12 =
11.42 + 0.51 min. Post hoc analysis resulted in all differences being significant (all p < 0.001)
with very large effect sizes (all g > 6.381 [4.52 to 8.24]).

6.4 Athlete characteristics

6.4.1 First data collection

The paired samples correlation test revealed no significant relationship between body
height and any of the dependent variables measured during the jump tests (—0.42 < all r and 15
values < 0.35; all p-values > 0.05). However, body weight showed a significant correlation
with peak concentric power during both the BJ and HJ (r = 0.59, p <0.01 for both jump types),
and body fat percentage demonstrated a significantly correlation with PF-vertical and PF-
resultant during the CMJ (r = —0.48 and —0.46, respectively; p < 0.05). Leg length exhibited
significant correlations with PF-horizontal in both BJ and HJ (rs = —0.54 and —0.47,
respectively; p < 0.05), as well as with peak concentric power in CMJ (rs = —0.47, p < 0.05).

Additionally, there was a significant correlation between upper leg length and peak concentric
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velocity in CMJ (r = —0.54, p < 0.05), peak concentric velocity in HJ (r=—0.51, p <0.05), and
PF-horizontal in HJ condition (rs = —0.62, p < 0.01). Lower leg displayed significant
correlations with jump height across all three jump types (0.46 <r <0.52, p <0.05), which was
the only relationship between anthropometric and performance variables significantly
correlated across all three jump types. Furthermore, significant correlations were observed
between lower leg length and peak concentric velocity, albeit only for CMJ (r=0.45, p <0.05),
as well as with time to peak concentric velocity for HJ (r = 0.47, p < 0.05), and time to peak

concentric power for HJ (r = 0.49, p < 0.05).

6.4.2 Second data collection

The results of paired samples correlation tests revealed multiple significant
relationships. Body height of participants was significantly corelated with changes in blood
lactate concentration during recovery period (r =—0.56, p < 0.05) as well as with reported RPE
value (rs = —0.55, p < 0.05). Body weight was significantly correlated with RPE (rs =—0.63, p
< 0.05) and with changes in TMG-Tc value between 5™ and 10" minute after the intervention
(rs = 0.56, p < 0.05). Body fat percentage correlated significantly only with amount of heart
rate increase during the intervention (r = 0.55, p < 0.05). Leg length significantly correlated
only with changes in countermovement depth during the intervention (rs = 0.58, p < 0.05) and
there were no significant correlations between leg length discrepancy and any of the dependent
variables. Similarly, both training experience and CMJ performance showed no significant
correlations to any of the dependent variables. On the other hand, SJ performance was
significantly correlated with changes in mean and peak concentric velocity (rs=—0.72, p <0.01
and rs = —0.57, p < 0.05, respectively), changes in mean and minimal eccentric velocity (rs =
0.56,p<0.05and rs=0.61, p <0.05, respectively), changes in heart rate during the intervention
(rs = —0.80, p = 0.001), and changes in TMG-Dm from 1* to 10" minute post intervention (rs
= 0.54, p < 0.05). However, drop jump only correlated significantly with changes in blood
lactate concentration during recovery period (r = 0.63, p < 0.05). Absolute back squat one
repetition maximum performance significantly correlated with changes in countermovement
depth during the jumping intervention (rs = —0.58, p < 0.05) and maximum back squat strength
relative to individual’s bodyweight correlated significantly with changes in countermovement
depth (rs = —0.67, p < 0.01) as well as with RPE (rs = 0.72, p < 0.01). The slope of the linear
regression line for load-velocity profile was significantly correlated only with changes in heart

rate during the jumping intervention (r = 0.65, p < 0.05).
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Multiple post hoc subgroup comparisons were performed for two independent groups
divided based on relative backs squat 1RM strength, slope of load-velocity profile, SJ
performance, CMJ performance, DJ performance, and stretch-shortening cycle potentiation
represented by difference in performance between SJ and CMJ. The results of post hoc power
analysis identified only 3 instances where statistical power crossed over 0.8 threshold: change
in mean and minimal eccentric velocity in subgroups divided by relative back squat 1RM
strength (Power = 0.85 and 0.91, respectively) and change in TMG-Dm between 1 and 10
minute after the experimental intervention in subgroups divided by CMJ performance (Power

= 0.88). Complete power analysis results are depicted in Figure 27.

Figure 27. Results of power analysis for subgroup comparisons.
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All subgroups differed significantly in their respective metric, based on which they were
created (20.219 < Fy 19 < 52.649, all p < 0.001, 0.669 < 1> < 0.840). Furthermore, there were
no significant differences in age, training experience, body height, body weight, or body fat
percentage between subgroup pairs with the only exception being significantly different age
2 _

between high and low relative back squat 1RM strength groups (Fi,10 = 6.204, p =0.032, np
0.383). Tables 6 and 7 include descriptive statistics for all included subgroups.

Table 6. Mean + SD values of the key independent variable for all subgroups.

Subgroups Mean + SD
Relative back squat 1IRM Higher strength 1.768 = 0.146 *
(kg'kg™) Lower strength 1.376 £0.128
Slope of load-velocity profile Higher steepness —0.010 £ 0.001 *
(m-s-kg™) Lower steepness —0.007 £ 0.001
Higher jump 0.502 £0.017 *
Squat jump (m)
Lower jump 0.426 £0.019
Higher jump 0.539£0.019 *
Countermovement jump (m)
Lower jump 0.462 + 0.020
Higher jump 0.523 £0.018 *
Drop jump (m)
Lower jump 0.453 £ 0.024
Stretch-shortening cycle Higher potentiation 0.060 = 0.016 *
potentiation (m) Lower potentiation 0.014 +£0.016

* = significantly different (p < 0.05) compared to the other subgroup of the same key variable.
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Table 7. Descriptive statistics of included subgroups.

Age Training Body Body Body
Subgroup (yeagrs) Experience  Height Weight Fat
(years) (m) (kg) (%)
Relative Higher 27.70 11.67 1.77 79.04 13.13
back squat strength +3.77 * + 622 +0.06 +4.93 +5.57
IRM Lower 23.28 7.83 1.86 88.23 8.27
(kg'’kg™)  strength  £2.16 +4.12 +£0.09  +13.63  +5.88
Higher 24.97 8.33 1.80 80.88 8.58
Slope of steepness +3.01 +4.27 +0.05 +13.32 +5.5]
LVP
(m-s'kg!)  Lower 25.38 10.33 1.84 90.78 11.98
steepness +2.76 +3.45 +0.12 + 742 +5.63
Higher 24.24 7.33 1.82 85.40 7.80
Squat jump +2.24 +3.20 +0.03 +7.42 +3.13
jump
(m) Lower 26.02 11.33 1.83 88.89 13.13
jump +4.61 +6.44 +0.12 +13.07 +7.32
Higher 24.11 7.00 1.80 82.03 7.98
CMJ jump +2.06 +2.97 +0.03 +8.35 +3.19
(m) Lower 26.50 10.83 1.83 87.31 12.25
jump +4.51 +6.40 +0.12 +11.75 +7.58
Higher 24.87 8.67 1.82 85.27 9.27
Drop jump +2.14 +3.78 +0.05 +10.38 +3.17
jump
(m) Lower 26.88 11.50 1.82 84.39 12.85
jump +4.66 +6.50 +0.12 +12.50 +7.34
Higher 25.81 10.17 1.79 85.94 12.98
SSC potentiation ~ +2.59 +4.62 +0.09 +14.84 +6.52
potentiation
(m) Lower 24.93 8.50 1.86 86.18 8.53
potentiation ~ +4.51 +6.19 +0.08 + 7.49 + 4.66

IRM = one repetition maximum, CMJ = countermovement jump, LVP = load-velocity profile,
SSC = stretch-shortening cycle, * = significantly different (p < 0.05) compared to the other

subgroup of the same key variable.

48



There were no significant differences in any of the dependent variables between the
subgroups with different steepness of load-velocity profile slope, drop jump performance, or
stretch-shortening cycle potentiation. On the other hand, the subgroup with higher relative back
squat 1RM strength experienced significantly smaller increase of countermovement depth (p <
0.05, g = 1.36, Figure 28) and significantly slowed down their mean and minimal eccentric
velocities (p < 0.01, g < 1.78, Figure 29 and p < 0.01, g = 1.95, Figure 30, respectively)

compared to the relatively weaker subgroup.

Figure 28. Difference in countermovement depth changes throughout the continuous 50 CMJs

between subgroups with higher and lower maximal strength of lower body relative to body

weight.
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Figure 29. Difference in mean eccentric velocity changes throughout the continuous 50 CMJs

between subgroups with higher and lower maximal strength of lower body relative to body

weight.
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Figure 30. Difference in minimal eccentric velocity changes throughout the continuous 50
CMJs between subgroups with higher and lower maximal strength of lower body relative to

body weight.
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Furthermore, significantly smaller increase of heart rate during the experimental
intervention was experienced by the subgroup with higher SJ compared to the lower SJ
subgroup (p < 0.05, g = 1.54, Figure 31). Lastly, there were significant differences in changes
to maximal horizontal displacement during the experimental intervention (p < 0.05, g = 1.46,
Figure 32) as well as in changes of TMG-Dm values from 1% to 10" minute after the
experimental intervention (p < 0.01, g = 1.87, Figure 33) between subgroups with higher and
lower CMJ performance. Specifically, higher CMJ performance subgroup reduced the maximal
horizontal displacement from G1 to G10 whereas lower CMJ performance subgroup
experienced change of similar magnitude but in the opposite direction. Muscle belly
displacement of vastus lateralis measured via tensiomyography increased more in the group of
higher countermovement jumpers from the first to tenth minute following the jumping
intervention; however, the difference was mainly in the value measured right after the

intervention being non-significantly lower in the subgroups consisting of higher jumpers.

Figure 31. Difference in heart rate changes resulting from continuous 50 CMlJs between

subgroups with higher and lower squat jump performance.
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Figure 32. Difference in maximal horizontal displacement changes throughout the continuous

50 CMJs between subgroups with higher and lower countermovement jump performance.
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Figure 33. Difference in TMG-Dm changes between 1% and 10" minute following the

continuous 50 CMlJs between subgroups with higher and lower countermovement jump
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9 General summary and conclusion

The outcomes of the experiments included in this dissertation offer several important
takeaways for training practice and future research. The first experiment, which compared three
common plyometric exercises, demonstrated that jumps onto a box of similar height to that of
a maximal CMJ performance could reduce peak impact forces by approximately 50 percent
compared to HJ and CMJ. This finding has practical implications for load management,
especially during periods of increased competitive load and for athletes with lower tolerance
to eccentric loading. Furthermore, this experiment revealed that overcoming an obstacle in BJ
and HJ led to significant adjustments in key take-off variables, such as shallower
countermovement depth, shorter time to peak concentric power and velocity, and greater peak
horizontal force, compared to CMJ. Meanwhile, other key parameters — peak and mean
concentric velocity, peak vertical and resultant force, rate of force development, and total
impulsion time — remained unaffected. Therefore, the presence of an obstacle mainly alters the
direction of force production and the countermovement, measured as the vertical displacement
of the shoulders. However, the similar magnitudes and rates of resultant take-off forces, as well
as similar concentric velocities, suggest that these jump types might provide comparable

stimuli for explosive strength training of lower extremities.

The second experiment aimed to determine whether reduced peak impact forces could
reduce performance losses due to cumulative fatigue during a set of repeated vertical jumps.
The outcomes do not support our hypothesis that reducing impact forces would be beneficial
for managing fatigue-related changes, as no loss of performance was observed in the HJ
condition. Interestingly, both the BJ and HJ conditions displayed initial potentiation followed
by stabilization of jumping performance. This was likely due to ~8 seconds of inter-repetition
rest duration, which was probably sufficient to prevent build-up of cumulative fatigue in

individuals experienced in plyometric training.

The third experiment highlights the effectiveness of manipulating inter-repetition rest
duration to delay acute onset of fatigue-related performance decline during repeated high-effort
CMIJs. As expected, conditions without inter-repetition rest led to a rapid onset of negative
changes, which continued throughout the intervention. However, no particularly important
differences were observed between the variations characterized by higher and lower intensity
of the stretch-shortening cycle. Conversely, a 4-second inter-repetition rest enabled

performance to be sustained across the whole set of 50 CMJs. Increasing inter-repetition rest
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to 8 and 12 seconds further reduced perceived exertion, lowered post-exercise blood lactate
concentration, and increased jump height during the intervention. However, coaches should
consider the cost and benefits of such programming decisions, as extending inter-repetition rest
beyond what is necessary will prolong exercise duration without additional training benefits.
Consequently, based on our data, coaches and athletes aiming to enhance lower body power
through repeated CMJs can effectively maintain performance, minimize subjective exertion,
and ensure an effective use of training time with a 4-second inter-repetition rest in active young

men experienced in plyometric training.

Lastly, the correlation and subgroup analyses provided insights into the complex
relationships between anthropometric characteristics, lower extremity strength levels, jumping
performances, and ability to resist loss of performance across a high-volume set of continuous
jumps. Significant moderate to strong correlations were identified, such as between lower leg
length and jump height, and between squat jump performance and velocity changes during
continuous jumps. However, replication of these results and exploration of potential underlying
mechanisms (e.g., habitual training practices) should precede formulating concrete practical
recommendations. Our findings underscore the multifactorial nature of maximal and repeated

jumping performance.
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